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Abstract:

BecauseN-arylation of isatin only worked with iodoferrocerend in low yield), we employedl-
arylation of 2-aminophenones and subsequent ox®laticlization to access variolMsarylated isatins.

In the course of this work, we observed tNaarylation using 2-iodofuran, 2-iodobenzofuran &ad
iodobenzothiophene did not lead to the expectedatares, but to (benzo)furo- and (benzo)thieno{2,3
blquinolines. Separate cyclization was also perf@kmender acidic conditions on 2-
(arylamino)phenones in order to obtain acridined eslated compounds. Most of the synthesized
compounds were screened for their antiproliferadiggvity in A2058 melanoma cells, and against a
panel of disease-relevant kinases such as mamn@Datb/p25, PIM1, CLK1, DYRK1A, GSK&B,

Haspin andeishmanial CK1. The biological results are repwrte

1. Introduction

Heterocycles possessing an aromatic core are Keieenn numerous molecules of pharmaceutical
interest, as well as in organic materials for aemédnge of applications. Among them, isatins and
acridines are of the highest interest.

Isatins can be found in natural producfsharmaceuticafsand dye$.Due to their wide propertiés,
numerous procedures are reported to accesstNéencan for example cite oxidation of indofes;H
functionalization of suitabl®-substituted aniline&,jntramolecular oxidative cyclizatidhand double
carbonylation followed by cyclizatioh.

Regarding acridines, they are present in compouraisng versatile pharmacological activities
(anticancer, antibacterial, etc) including alkatoftbm natural plants and marine organisms. Moreove
they are used as pigments and dyes, as well atudne$cent materiafS. Since the Bernthsen’s
synthesis of acridine's, gentler methods have been develoffeBor instance, we can cite quinoline
aminobenzannulation reactioh,intramolecular Heck reactiofi, use ofin situ generated arynés,
palladium-catalyzed reaction between 1,2-dibromabeas andN-tosyl hydrazone&® rhodium-

catalyzed [3+3] annulation of aryl azides with amobenes’ indium-catalyzed cyclization of 2-
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(arylamino)benzaldehydé8, palladium-catalyzed aniline arylation followed hyyclization and
aromatizatior’ copper salt-mediated cyclization of trityl amirfeginc salt-promoted cyclization of 2-
(arylamino)phenyl imine& copper-catalyzed reaction of 2-cyanoanilines wligryliodonium salt$?
palladium-catalyzed reaction of 2-bromobenzaldebydith anilines reaction of 2-acylanilines with
cyclohexanone® and rhodium-catalyzed bilateral cyclization of baeldehydes with
nitrosobenzenes.

We here report our efforts to combine copper-catdN-arylation of 2-aminophenones with either
intramolecular oxidative cyclization or cyclizatiah 2-(arylamino)phenones in order to get isatind a
acridines, respectively.

Most of the compounds obtained were evaluatedhiir tantiproliferative activity against melanoma
cells. Indeed, if melanoma account for 2% of slanaers, their mortality rate remains very high (0%
mainly due to the melanocyte intrinsic resistammcettemical agents and radiotherapy, a good albdity
adapt and acquire resistance, and to develop disterastases (e.g. in braffi)There is thus a need to
identify other pharmacological targets and to depeatew drugs. The selected cell lines, which have
relevant mutations, are a suitable model to evaltla cytotoxicity and the antiproliferative actyvof
original molecules due to their natural and acqliesistance to chemotherapy and radiotherapy.

The bioactivity of the small chemical compoundstkgsized was also analyzed against a panel of
disease-related kinases. Indeed, since the erfieafiheties, this class of signaling biomoleculas h
become a major class of drug targets since thepfaea deregulated in diseases such as cancers and
neurodegenerative disordéfsToday, 39 FDA-approved kinase inhibitors are am rarket and more

than 250 drug candidates are undergoing clinicaluation?®

2. Results and Discussion
In the course of our studies dedicated to the geioerof new aromatic heterocycles, we attempted to
N-arylate isatins. Under the conditions reporteddiakraborty and co-workers from iodobenzéhe,

and by Moghaddam and co-workers from bromoben3twne, failed in obtaining th&l-arylated isatin
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as described. The procedure of Shibata and co-worken oxindole (0.2 equiv ofN,N’-
dimethylethylenediamine, 0.1 equiv of copper(l)itte] 2.2 equiv of potassium carbonate in refluxing
acetonitrile}* did not allow isatin to beN-arylated by iodobenzene either. Recourse to dataly
copper(l) oxide (0.1 equiv) and iron(lll) acetylsmeate (0.3 equiv), in the presence of cesium
carbonate (2 equiv) as base, in dimethylformamtd0&C (30 h), as documented by Taillefer and co-
workers from 2-pyrrolidinoné” did not furnish the expecteN-phenyl isatin from iodobenzene.
Finally, by following conditions reported by Ranudaco-workers to couple amides with aryl iodides,
iodobenzene was treated by isatin (2 equiv) inpfesence of nickel(ll) acetylacetonate (0.1 equiv),
copper(l) iodide (0.1 equiv) and cesium carbonatequiv) inN-methyl-2-pyrrolidinone at 100 °C, but
without success.

These disappointing results led us to considerlmnative way to synthesizg-arylated isatins.
Intramolecular oxidative cyclization being largelgveloped, we decided to involve in the reaction
various 2-(arylamino)acetophenones. For this puwpbkarylation of 2-aminoacetophenong) (to
afford the derivative® was achieved by reaction with iodides in the pmeseof catalytic activated
Cu® and potassium carbonate (2 equiv) at the reflaxptrature of dibutyl ethéP. (Table 1, left).
Oxidative cyclization was next performed by follogi the optimized procedure of Deng and co-
workers using selenium dioxide in dioxane at 8qTable 1, rightMethod A).

The expected isatins were often produced in satigfyields. Nevertheless3f and 3g proved
difficult to isolate due to their low solubility id¢ries 6 and 7). The method being unsuitable tdizg/c
2-(ferrocenylamino)acetophenori#d)(into 3l (mainly recovery ofl), we attempted an alternative way
using iodine (1.3 equiv) as oxidative agent in dimgksulfoxide® unfortunately, by slowly increasing
the reaction temperature from 20 to 120 °C unslagpearance dl, only degradation was noticed
(entry 12). In the case &m, conversion to the expected prod@ch gave a better result by using
pyridine as solvent at 120 °C instead of dioxan@0alC, either because of a higher solubilitydof in

the former or since a higher temperature is usetiy(@3,Method A; Figure 1, left).



Table 1. N-arylation of 2-aminoacetophenoné) (to afford the diarylamine®, and subsequent

conversion to the isatirs

Method A
0] I-Ar (1.5 equiv) O Se0, (2 equiv) O
cat. activated Cu (0.2 equiv) dioxane. 80 °C. 24 h
NH, BuyO, reflux, 24 h NH Method B N
Ar SeO; (2 equiv) Ar
1 2 pyridine, 120 °C, 2 h 3
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3 After purification (see experimental paftNot attempted® These compounds proved difficult
to isolate due to solubility issuésMainly recovery of2l.



Figure 1. ORTEP diagrams (50% probability) of the isatéms and3|.

Because we could not convéitinto the correspondinty-ferrocenylisatin 8l) (entry 12), we tried
again to arylate isatin but this time using iodajeene. Using activated copper (1 equiv) and
tripotassium phosphate (2 equiv) in dimethylforma@enat 145 °C for several days did not lead to any
conversion (iodoferrocene recovered}errocenylisatin 8l) was only obtained, albeit in a moderate
16% yield, when isatin and iodoferrocene were é@dly activated copper in dibutyl ether at 1506€C f

24 h (Scheme 1; Figure 1, right).

|
(0]
0 G—Fe-
(0]
O cat. activated Cu (1 equiv) N
N

4 Bu,0, 150 °C, 24 h @ @
_Fe.
(2 equiv) (16% yield)

3l

Scheme 1N-arylation of isatin with iodoferrocene to affosd

Double N-arylation starting from 1,3- and 1,4-diiodobenzesmailarly worked to furnish thé\,N-
diarylated phenylenediamin@s and20. From20, our attempt to generate the corresponding btgiisa
30 as previously (4 equiv selenium dioxide in dioxate80 °C) failed; nevertheles3p could be
isolated in 56% vyield using iodine in dimethylsuiie® Both 2n and 20 were converted to
pentacycles as described previouSlgnd the structure @fo could be confirmed by X-ray diffraction

(Scheme 2).
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1
¢}

(0]
2n 20
(62% yield) (100% vyield) (56% yield)

cat. HQSO4
CH3CO,H
reflux

4n 40
(70% yield) (90% vyield)

Scheme 2N-arylation of 2-aminoacetophenorig (o afford the diarylamine®n and2o, formation of
the bis-isatingo from 20, and cyclization to the pentacycks (from 2n) and4o (from 20); ORTEP
diagram (50% probability level) of the pentacydte

As shown in Table 1, it is possible to prepare 2h{2nylamino)acetophenon@k)). Nevertheless,
this compound proved sensitive to degradation, ardattempts to make the corresponding isatin, by
using either selenium dioxide in dioxane at 80 &Gn{plex mixture obtained including dearylated
isatin) or iodine in dimethylsulfoxide at 130 °Cefgtadation), failed. Replacing 2-iodothiophene by 2
iodobenzothiophene in thd-arylation of 2-aminoacetophenon®) (vas even more striking. Indeed,
under the conditions used (0.2 equiv of activatepper, 2 equiv of potassium carbonate, reflux of
dibutyl ether), the expected 2-(2-benzothienylaryasetophenone was not isolated but instead the
benzothieno[2,3]quinoline 4p resulting from subsequent reaction of the beneathiring with the

nearby ketone and dehydration (Table 2, entrydurei 2, left).



Because very few efficient methods are reportedatoess benzothieno[2t8quinolines® and
benzofuro[2,36]quinolines®’ we decided to extend the scope of the reactioml€T&). For this
purpose, 2-aminoacetophenorig (vas similarlyN-arylated with 2-iodobenzofuran and cyclized to
furnish the benzofuro[2,Bjquinoline 4q (entry 2). 2-Aminobenzophenoné)(and 2-amino-3-
benzoylpyridine T) were next successfully employed to afford theivdg¢ives 6p, 6q, 8p and 8q
(entries 3-6; Figure 2, right). Furan being morgadile than thiophene to undergo such cyclizatiass,
shown by higher yields in all the attempted reangjothe use of 2-iodofuran was tested: unlike 2-

iodothiophene (entry 7), it allowed the expectéd/tle to be formed in 61% yield (entry 8).

Table 2.N-arylation-cyclization from 2-aminoketones to affdri- and tetracycles.

-~ B R N
— NG
R v | R
~ ~ //-'_'::\\
= o} (1.5 equiv) X* NH o~ 2
X | Y —_— | A\
X7 “NH, cat. activated Cu (0.2 equiv) N\ Ny Y
K,CO3 (2 equiv) , N
1: X=CH; R=Me Bu,O, reflux, 24 h « » 4:X=CH; R=Me
5:X =CH; R=Ph N 6: X = CH; R=Ph
7:X=N;R=Ph - — 8:X=N;R=Ph
Entry Aminoketone lodide Product, Yield (%)
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3 After purification (see experimental patJhe rest is mainlgk.



Figure 2. ORTEP diagrams (50% probability) of the tetracydle and6q.

This one-potN-arylation-cyclization reaction, albeit very usefas shown in Table 2, cannot be
extended to all the aryl iodides. Thus, in ordeatoess a larger range of tricycles, we combixed
arylation of different 2-aminophenones (Table 3t; IEigure 3, left) with acid-mediated cyclization
(Table 3, right; Figure 3, right). By using sulftiacid in boiling acetic acid for 10 mifithe expected
heterocycles of acridine-type were obtained satisfdy in most cases. Frorf, formation of the
expected thieno[2,Blquinoline 6k was already detected after tNearylation step. The electron-rich
ferrocenyl derivative2l and 9l did not lead to the expected tricycles; insteathee unidentified
products were formed (with no more unsubstitutedapentadienyl ring in the case 6f) or the
starting material®l (entry 10) and| (result not shown) were recovered. In the cas@nofand2m,
lower yields were observed for the cyclized prodéeh and4m (entries 12 and 13); this could be due
to lower reactivity of ther-deficient pyridine toward the ketone function. Mover, even if the
reactions appear as being regioselective with tisdBm and4m, the NMR spectra of the crudes show
that other products are formed. Extending the r@ad¢ime from2m led to degradation (formation of a

4-substituted acetophenone was suspected).

Table 3. N-arylation of the 2-aminoketon&sand7 to respectively affor® and10, and cyclization of
the 2-(arylamino)ketonesand9 to respectively afford the acridines and relatehgoundst ande6.

I-Ar (1.5 equiv) o R cat. H,S0,4

(0]
cat. activated CH3CO,H
74 | Ph Cu (0.2 equiv) (f‘\ph H,S0, | X reflux, 10 min
~ —_— ~ ,Ar e _ - ,Al'
NH; K,COj3 (2 equiv) X CH3CO,H N H
=p )

X N

H .
5 X = CH Bu,O, reflux, 24 h 9: X = CH reflux, 10 min 6 R h
7. X=N 10: X =N 4:R=Me
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Entry [I-Ar 9, Yield (%) Product, Reaction time, Yield (%)
1 | <:> 9e(from5), 42 R 6e (R = Ph; from9e), 15 min, 59
2 | N NH2 4e (R = Me; from2¢), 10 min, 94
N/
3 - - 4h (from 2h), 10 min, 92
ol
A
L
N
| <:> 9i (from5), 74 R 6i (R = Ph; fromBi), 15 min, 46
B " 4i (R = Me: from2i), 10 min, 95
N/
9j (from5), 81 R 6j (R = Ph; from9j), 10 min, 96
< > § CFy . . :
| 4j (R = Me; from2j), 30 min, 98
N/
4@ 9k (from 5), 50° R 6k (R = Ph; from9k), 30 min, 80
S = B 4k (R = Me; from2k), 10 min, 61
NS
N S
10 @ 9l (from5), 85 - -
11 Fe 10l (from 7), 82
<
12 —/ 9m (from 5), 88 R 6m (R = Ph; fromOm), 2 h, 54
13 \_y 10m (from 7)° | N 4m (R = Me; from2m), 30 min, 57
N
N

3 After purification (see experimental paftfrurther cyclization to 4-phenylthieno[2,3-
blquinoline Bk) was also noticed in 10% yieldStarting material and unidentified products were

also present in the crud&10m also formed but proved to have a very low soltipiti organic
solvents.

Figure 3. ORTEP diagrams (50% probability) of the compoub@lsand4j.
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3. Antiproliferative activity in A2058 melanoma cels

Most of the synthesized compounds were tested aedeel a significant antiproliferative activity in
A2058 melanoma cells (Figure 4). The best resul whtained with the acridin@ which induced
95.97% + 2.56% growth inhibition at 20M. Nevertheless, other heterocyclic products sasthe
pentacycle4o, its precursor2o, the ferrocene- and pyridine-containing isatBisand 3m, and the

tetracyclestp and4q also exhibited high antiproliferative activity.

Molecule
(=)
2

2e —

i} 10 20 30 40 50 60 70 20 90 100
Growth inhibition of 2000 A2058 melanoma cells (72h, 10° M)

Figure 4: Antiproliferative activity of most of the synthesdd compounds
at 10°M after 72 h in A2058 human melanoma cells.

Most of the synthesized compounds were also ewalftlaagainst a short panel of disease-related
protein kinases: cyclin-dependent kinases 2 (CDKEUE A), 5 (CDK5/p25) and 9 (CDK9/Cyclin T);
proto-oncogene kinase PIM1; CDC2-like kinase 1 (C),Kdual specificity tyrosine phosphorylation

regulated kinase 1A (DYRK1A); glycogen-synthaseake3 (GSK-30/pB); casein kinase 1 (CK1
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isoformsad/e); mitotic kinases Haspin and Aurora B; and leishialacasein kinase 1L.(nCK1) (Table

4).

Table 4. Inhibitory activities of synthesized compoundsiagha short panel of disease-related protein
kinases. The table displays the remaining kinasgies detected after treatment with 10 uM of the
tested compounds. The values obtained after tredtmigh 1 uM are given in brackets. Results are
expressed in % of maximal activity, i.e. measuredhie absence of inhibitor but with an equivalent
dose of DMSO (solvent of the tested compounds). Adicentration used in the kinase assays was 15
pmol/L (values are means, n = 2). Kinases are fiaman origin unless specifiebitm, Mus musculus

Rn Rattus norvegicysSsg Sus scrofa domesticgusm, Leishmania major

Compoun CDK5/p25 PIM1 MmCLK1 RmDYRK1A Ss6GSK3w/p LmCK1 Haspin
d

2b 91 (100) 97 (103) 97 (84) 94 (80) 73 (87) 130 (70) 149 (107)
2e 2 95 (95) 105 (108) 94 (87) 107 (92) -2 92 (90)
2j 101 (93) 106 (109) 106 (94) 99 (86) 63 (104) 126 (7 131 (119)
2k 99 (129) 64 (120) 104 (125) 70 (75) 121 (77) 99(80 93 (75)
2l 114 (127) 140 (134)  127(116) 128 (130) 110 (110) 07 @7) 79 (125)
2m 113 (125) 128 (132)  112(115) 129 (125) 141 (107) 4 (8b) 88 (123)
3b 100 (87) 83 (90) 90 (99) 123 (90) 84 (103)  31(108) 87 (111)
3c 95 (87) 94 (109) 101 (108) 39 (89) 36 (90) 85 (77) 85 (114)
3d 95 (100) 101 (115) 93 (111) 112 (111) 101 (95) (WB) 87 (117)
3f 102 (93) 82 (102) 94 (108) 94 (87) 55 (116) 52 (79) 85 (110)
39 98 (101) 89 (111) 89 (116) 159 (160) 41 (104) 32(93) 58 (98)
3h 91 (105) 89 (113) 102 (138) 96 (121) 65 (126) ®)(©  87(93)
3i 111 (129) 89 (114) 106 (128) 88 (83) 52 (82) 43(63) 84 (88)

3j 117 (128) 79 (113) 109 (78) 66 (86) 103 (65) 84 (67 117 (77)
3l 124 (142) 91 (134) 109 (134) 92 (84) 80 (73) 55(65 119 (105)
3m 128 (120) 65 (106) 105 (112) 67 (61) 60 (66) 93 (70 135(85)
30 74 (102) 88 (120) 107 (113) 91 (70) 140 (73) 57 (64 168 (101)
4e 2 27 (90) 58 (97) 32(108) 108 (100) 2 26 (79)
4h 2 68 (96) 60 (99) 58 (102) 123 (104) -° 75 (100)
4 2 58 (93) 69 (94) 57 (90) 99 (75) 2 74 (90)
4 88 (107) 73 (87) 55 (90) 80 (103) 88 (85) 72(92) 7 (90)
4k 80 (100) 78 (88) 69 (91) 52 (89) 113 (77) 97 (71)  5(89)
4m 89 (97) 80 (100)  43(80) 72 (67) 50 (104) 82 (143) 44(77)
4n 108 (95) 81 (84) 130 (96) 143 (136) 150 (95) 97 (61 99 (90)
40 101 (110) 65 (112) 57 (102) 92 (101) 137 (86) 89 (8  72(109)
4p 88 (126) 56 (108) 66 (131) 56 (82) 81 (77) 98 (82) 49(80)
4q 73 (130) 69 (109) 62 (120) 68 (96) 72 (94) 79 (76) 89 (120)
6e 2 60 (87) 51 (96) 84 (103) 106 (96) -2 77 (92)
6i 2 61 (109) 91 (104) 101 (135) 98 (95) -2 101 (107)
6k 87 (110) 74 (91) 90 (101) 85 (111) 104 (88) 96 (78) 81 (104)
6p 77 (126) 46 (104) 64 (116) 52 (84) 39(73) 73 (69) 71 (73)
60 92 (127) 96 (107) 92 (117) 94 (124) 122 (87) 99 (88 77 (85)
8q 2 13 (44) 24 (73) 47 (65) 22 (44) -8 104 (197)
9i 2 107 (103) 117 (106) 119 (142) 115 (110) -® 106 (104)
9j -2 104 (111)  118(106) 126 (133) 116 (107) -° 106 (100)
ok 27 (113) 87 (111) 100 (120) 78 (75) 133 (85) 61 (76) 96 (90)
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al 100(101) 103 (104) 76 (76) 100 (70) 84 (135) 149 (183)  ™)(7
10l A 90 (109) 114 (107) 132 (108) 107 (104) - 114 (107)

% Not performed.

None of the tested compounds inhibits significa@K2/Cyclin A, CDK9/Cyclin T, CK13/e and
Aurora B (data not shown). Nevertheless, positegults were recorded with CDK5/p25 (compound
9k), PIM1 (compoundge, 6p and8q), CLK1 (compoundgim and8q), DYRK1A (compounds3c and
4¢), GSK-3 a/p (compounds3c, 3g, 6p and 8q), LmCK1 (compounds3b, 3g and 3i) and Haspin
(compoundsgle 4m and4p) at 10uM. At 1 uM, 8q remains active, but unselectively inhibits PIMXan

GSK-3a/p.

4. Conclusion

Thus, whereadl-arylation of isatin only worked with iodoferroceneariousN-arylated isatins were
synthesized by combining copper-catalyzbdarylation of 2-aminoacetophenone and oxidative
cyclization. With 2-iodofuran, 2-iodobenzofuran a@dodobenzothiophene, the corresponding 2-
(arylamino)phenones cyclized under tt@rylation conditions, affording relevant furo- afieno[2,3-
b]quinolines in only one step. Finally, cyclizatiohother 2-(arylamino)phenones was performed under
acidic conditions to furnish acridines and relatechpounds.

Because of their promising activity as antiprobfitre drugs in human invasive melanoma cells,
some of the synthesized molecules should be fudladrorated. Moreover, there is a growing interest
on PIM1 kinase for development of new targetedapgragainst triple-negative breast tum8rghe
inhibitors of PIM1 detected in this study should ibgroved in order to be evaluated as sensitizing

agents for chemotherapeuty using pro-apoptoticsirug

5. Experimental

5.1. General

14



All the reactions were performed under an argonoaphere. Column chromatography separations
were achieved on silica gel (40-63n). Melting points were measured on a Kofler apparalR
spectra were taken on a Perkin-Elmer Spectrum pe@tmmeter’H and **C Nuclear Magnetic
Resonance (NMR) spectra were recorded either oruleeB Avance Il spectrometer at 300 MHz and
75 MHz respectively, or on a Bruker Avance Il Hpestrometer at 500 MHz and 126 MHz
respectively.'H chemical shifts §) are given in ppm relative to the solvent residpedk and-*C
chemical shifts are relative to the central peathefsolvent signdf: Microanalyses were performed on
a Flash 1112 Thermo Fisher elemental analyzer. féodiwene'? 2-iodobenzothiopher®, 2-
iodobenzofuraff and 2-iodofuraff were prepared as described previously.

Crystallography.The samples were studied with monochromatized Mor&diation f = 0.71073
A). The X-ray diffraction data were collected ae ttemperature given in the product description by
using either D8 VENTURE Bruker AXS diffractometenifltilayered monochromator; compourgls
3m, 10l, 40, 4p and6q), or APEXII Bruker AXS diffractometer (graphite machromator; compound
4j). The structure was solved by dual-space algoritising theSHELXTprogram?® and then refined
with full-matrix least-square methods based FEn(SHELXL-201%*° All non-hydrogen atoms were
refined with anisotropic atomic displacement partmmse Except the nitrogen linked hydrogen atom
that was introduced in the structural model throkghrier difference maps analysis in the caseOgf
H atoms were finally included in their calculatedsjtions and, in the case 8m, 10l, 40 and 4,
treated as riding on their parent atom with comséh thermal parameters. The molecular diagrams
were generated by ORTEP-3 (version 2.32).

5.2.N-arylation of 2-aminoacetophenone (1)

5.2.1. General procedure 1:The N-arylated substrates were prepared by slightly fyiogdj a
literature procedur® To the required iodide (9.0 mmol) in & (3 mL) were successively added
activated Ct (76 mg, 1.2 mmol), 2-aminoacetophenohed(73 mL, 6.0 mmol) and 40 (1.7 g, 12

mmol). The mixture was degassed and refluxed uradgon for 24 h. After cooling to room
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temperature, the mixture was concentrated. Additibi,O (25 mL), extraction with AcOEt (3x10
mL), drying over NgSQ,, removal of the solvent and purification by chréogmaphy on silica gel (the
eluent is given in the product description) ledhe expected compound.

5.2.2. 2-(Phenylamino)acetophenone (2aJhe general procedure 1 using iodobenzene (1.0 mL)
gave2a (eluent: heptane-AcOEt 80:20) in 71% yield (0.9@&g a yellow oil’'H NMR (CDCk) & 2.65
(s, 3H), 6.74 (ddd, 1H] = 8.1, 6.6 and 1.5 Hz), 7.12 (tt, 18= 7.2 and 1.3 Hz), 7.23-7.39 (m, 6H),
7.82 (ddd, 1HJ = 8.1, 1.6 and 0.5 Hz), 10.55 (br s, 1K NMR (CDCE) 3 28.3 (CH), 114.3 (CH),
116.6 (CH), 119.1 (C), 123.3 (2CH), 124.1 (CH), B2@CH), 132.6 (CH), 134.7 (CH), 140.5 (C),
148.1 (C), 201.3 (C). The spectral data are analgwthose described previou$ly.

5.2.3. 2-(4-(Phenyl)phenylamino)acetophenone (21).The general procedure 1 using 1-iodo-4-
phenylbenzene (2.5 g) ga2b (eluent: heptane-AcOEt 80:20) in 60% vyield (1.0ag)a pale yellow
powder: mp 92 °C*H NMR (CDCk) & 2.67 (s, 3H), 6.78 (ddd, 1H,= 8.1, 5.0 and 3.1 Hz), 7.32-7.38
(m, 5H), 7.42-7.49 (m, 2H), 7.59-7.64 (m, 4H), 7(@8ld, 1H,J = 8.1, 1.4 and 0.7 Hz), 10.65 (br s,
1H); *3C NMR (CDCE) & 28.2 (CH), 114.5 (CH), 116.8 (CH), 119.4 (C), 123.1 (2CH)6.9 (2CH),
127.1 (CH), 128.1 (2CH), 128.9 (2CH), 132.7 (CH34T (CH), 136.7 (C), 139.8 (C), 140.7 (C), 147.8
(C), 201.3 (C).

5.2.4. 2-(3-Tolylamino)acetophenone (28.The general procedure 1 using 3-iodotoluene (1P m
gave2c (eluent: heptane-AcOEt 80:20) in 88% vield (1.2ag)a yellow oil*H NMR (CDCk) & 2.35
(d, 1H,J = 0.35 Hz), 2.64 (s, 3H), 6.72 (ddd, 1H 8.1, 6.6 and 1.5 Hz), 6.93 (br d, 1Hs 7.5 Hz),
7.06-7.08 (m, 2H), 7.20-7.33 (m, 3H), 7.81 (dd, IH; 8.0 and 1.4 Hz), 10.50 (br s, 1KC NMR
(CDCl) 8 21.6 (CH), 28.2 (CH), 114.4 (CH), 116.5 (CH), 119.1 (C), 120.3 (CH}4D (CH), 124.9
(CH), 129.2 (CH), 132.6 (CH), 134.6 (CH), 139.4,(030.4 (C), 148.2 (C), 201.2 (C).

5.2.5. 2-(4-Methoxyphenylamino)acetophenone (2dyhe general procedure 1 using 4-iodoanisole
(2.1 g) gaved (eluent: heptane) in 94% vyield (1.4 g) as a yelfmwder: mp 68 °C (lit? 65.5-66.5

°C): 'H NMR (CDCk) & 2.64 (s, 3H), 3.82 (s, 3H), 6.67 (ddd, 1H; 8.1, 7.0 and 1.2 Hz), 6.88-6.94
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(m, 2H), 6.99 (dd, 1HJ = 8.5 and 1.2 Hz), 7.14-7.21 (m, 2H), 7.24 (ddd, 1= 8.9, 6.9 and 1.6 Hz),
7.79 (dd, 1H,) = 8.1 and 1.6 Hz), 10.37 (br s, 1€ NMR (CDCE) 3 28.2 (CH), 55.6 (CH), 113.8
(CH), 114.8 (2CH), 115.7 (CH), 118.3 (C), 126.4 kBC132.6 (CH), 133.1 (C), 134.7 (CH), 149.7 (C),
157.0 (C), 201.2 (C). The spectral data are ana®gmthose described previoudly.

5.2.6. 2-(4-Aminophenylamino)acetophenone (2eThe general procedure 1 using 4-iodoaniline
(2.0 g) gaveZe (eluent: heptane-AcOEt 90:10; Rf (heptane-AcOERB)0.08) in 70% vyield (0.95 g) as
an orange powder: mp 143 °C; IR (ATR): 705, 745/, 815, 842, 958, 1022, 1043, 1067, 1163, 1228,
1252, 1408, 1436, 1457, 1513, 1567, 1586, 16199,28869, 3342, 3420 ¢m'H NMR (CDCk) &
2.63 (s, 3H), 3.75 (br s, 2H, N4 6.63 (ddd, 1H) = 8.1, 6.9 and 1.1 Hz), 6.69-6.72 (m, 2H), 6.9%, (d
1H, J = 8.6 and 1.1 Hz), 7.03-7.06 (m, 2H), 7.24 (ddd, 1= 8.6, 7.0 and 1.7 Hz), 7.77 (dd, 1H=
8.1 and 1.5 Hz), 10.29 (br s, 1HfC NMR (CDC}) & 28.2 (CH), 113.9 (CH), 115.4 (CH), 116.1
(2CH), 118.1 (C), 126.8 (2CH), 131.2 (C), 132.6 JCEB4.7 (CH), 143.7 (C), 150.1 (C), 201.1 (C).
Anal. Calcd for G4H1aN2O (226.28): C, 74.31; H, 6.24; N, 12.38. Found7&19; H, 6.28; N, 12.29.

5.2.7. 2-(4-Nitrophenylamino)acetophenone (2f).The general procedure 1 using 1l-iodo-4-
nitrobenzene (2.2 g) gaa after washing with water in 66% yield (1.0 g) asedge powder: mp 140
°C;'H NMR (CDCk) & 2.67 (s, 3H), 6.99 (ddd, 1H,= 8.2, 6.9 and 1.4 Hz), 7.25-7.31 (m, 2H), 7.43-
7.55 (m, 2H), 7.90 (dd, 1H,= 8.1 and 1.5 Hz), 8.16-8.22 (m, 2H), 10.79 (ktH); °C NMR (CDCE)

3 28.5 (CH), 116.7 (CH), 118.5 (2CH), 119.2 (C), 120.2 (CE}2.2 (C), 125.9 (2CH), 132.7 (CH),
134.7 (CH), 144.1 (C), 147.6 (C), 202.0 (C). Theddml data are analogous to those described
previously*®

5.2.8. 2-(3-Nitrophenylamino)acetophenone (2g)The general procedure 1 using 1l-iodo-3-
nitrobenzene (2.2 g) gaay after washing with water in 71% vyield (1.1 g) asesage powder: mp 160
°C (lit.>° 94-95 °C);'H NMR (CDCk) 5 2.67 (s, 3H), 6.89 (ddd, 1H,= 8.1, 6.9 and 1.4 Hz), 7.35 (dd,

1H, J = 8.5 and 1.3 Hz), 7.38-7.51 (m, 3H), 7.86-7.90 2), 8.13 (t, 1H,] = 2.1 Hz), 10.70 (br s,
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1H); 3C NMR (CDCE) & 28.3 (CH), 114.6 (CH), 115.7 (CH), 117.7 (CH), 118.7 (CHi20.5 (C),
127.4 (CH), 130.2 (CH), 132.8 (CH), 134.9 (CH), BIC), 145.8 (C), 149.2 (C), 201.8 (C).

5.2.9. 2-(4-Chlorophenylamino)acetophenone (2h)The general procedure 1 using 1-chloro-4-
iodobenzene (2.1 g) gaah (eluent: heptane-AcOEt 80:20) in 63% vyield (0.93g a beige powder:
mp 70 °C:*H NMR (CDCL) & 2.65 (s, 3H), 6.76 (ddd, 1d,= 8.2, 7.0 and 1.2 Hz), 7.16-7.21 (m, 3H),
7.27-7.35 (m, 3H), 7.83 (dd, 1= 8.1 and 1.6 Hz), 10.49 (br s, 1K}C NMR (CDCE) & 28.3 (CH),
114.3 (CH), 117.1 (CH), 119.5 (C), 124.4 (2CH), IR€C), 129.6 (2CH), 132.7 (CH), 134.8 (CH),
139.2 (C), 147.7 (C), 201.5 (C). The spectral @agsanalogous to those described previotfsly.

5.2.10. 2-(4-Bromophenylamino)acetophenone (2).The general procedure 1 using 1-bromo-4-
iodobenzene (2.5 g) gaw& (eluent: heptane-AcOEt 80:20) in 94% vyield (1.6ag)a yellow oil:'™H
NMR (CDCk) & 2.64 (s, 3H), 6.78 (ddd, 1H,= 8.2, 7.0 and 1.3 Hz), 7.11-7.17 (m, 2H), 7.22, (tH,
J=8.6 and 1.2 Hz), 7.33 (ddd, 1Bi= 8.6, 6.9 and 1.5 Hz), 7.42-7.48 (m, 2H), 7.88, (tH,J = 8.1
and 1.6 Hz), 10.49 (br s, 1HY*C NMR (CDCE) & 28.3 (CH), 114.3 (CH), 116.4 (C), 117.2 (CH),
119.6 (C), 124.5 (2CH), 132.5 (2CH), 132.7 (CH)4 3(CH), 139.7 (C), 147.4 (C), 201.5 (C).

5.2.11. 2-(4-(Trifluoromethyl)phenylamino)acetopheane (2j). The general procedure 1 using 1-
iodo-4-(trifluoromethyl)benzene (1.3 mL) ga2g (eluent: heptane-AcOEt 80:20) in 90% vyield (1.5 g)
as a beige powder: mp 70 °t& NMR (CDCk) 5 2.68 (s, 3H), 6.88 (ddd, 1H,= 8.1, 5.8 and 2.4 Hz),
7.34 (d, 2H, = 8.9 Hz), 7.39-7.45 (m, 2H), 7.59 (d, 2Hs 8.8 Hz), 7.88 (dd, 1H} = 8.1 and 1.4 Hz),
10.69 (br s, 1H)**C NMR (CDCE) & 28.3 (CH), 115.1 (CH), 118.3 (CH), 120.6 (C), 120.9 (2CH),
124.4 (g, CJ = 270 Hz), 124.7 (q, C] = 32.5 Hz), 126.7 (q, 2CH} = 3.8 Hz), 132.7 (CH), 134.7
(CH), 144.2 (q, CJ = 1.5 Hz), 146.0 (C), 201.7 (C). The spectral dataanalogous to those described
previously*®

5.2.12. 2-(2-Thienylamino)acetophenone (2k)The general procedure 1 using 2-iodothiophene
(0.99 mL) gavezk (eluent: heptane-AcOEt 80:20; Rf 0.56) in 69% ¢i€).90 g) as a yellow oil: IR

(ATR): 702, 751, 855, 954, 1158, 1241, 1311, 13381, 1490, 1499, 1538, 1571, 1607, 1633, 1738,
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2924, 3244 cif; *H NMR (CDCk) & 2.65 (s, 3H), 6.76 (ddd, 1H,= 8.1, 7.1 and 1.2 Hz), 6.82 (dt,
1H,J = 3.6 and 1.2 Hz), 6.95 (dd, 1Bi= 5.6 and 3.6 Hz), 7.04-7.12 (m, 2H), 7.34 (ddbd, J = 8.6,
7.1, 1.6 and 0.5 Hz), 7.81 (dd, 1Bi= 8.1 and 1.5 Hz), 10.43 (br s, 1HJC NMR (CDC}) & 28.1
(CHs), 114.3 (CH), 117.0 (CH), 118.7 (C), 121.3 (CH21D (CH), 126.1 (CH), 132.2 (CH), 135.0
(CH), 143.3 (C), 149.8 (C), 201.5 (C). Anal. Cafod C;-H1;NOS (217.29): C, 66.33; H, 5.10; N,
6.45; S, 14.75. Found: C, 66.00; H, 5.15; N, 63,914.66.

5.2.13. 2-(Ferrocenylamino)acetophenone (2[Jhe general procedure 1 using iodoferrocene (2.8 g
gave2l (eluent: heptane-AcOEt 80:20) in 87% yield (1.&g)an orange powder: mp 58 °C {{i67-59
°C), *H NMR (CDCk) & 2.64 (s, 3H), 4.10 (t, 2H} = 1.9 Hz), 4.25 (s, 5H), 4.33 (t, 2B = 1.9 Hz),
6.65 (ddd, 1HJ = 8.1, 6.9 and 1.2 Hz), 7.08 (dd, 1Hs 8.6 and 1.2 Hz), 7.30 (ddd, 1Bi= 8.6, 6.9
and 1.6 Hz), 7.78 (dd, 1H,= 8.1 and 1.6 Hz), 10.06 (br s, 1HC NMR (CDCE) 3 28.1 (CH), 65.2
(2CH), 65.6 (2CH), 69.5 (5CH), 96.0 (C), 114.3 (C#)5.4 (CH), 118.0 (C), 132.4 (CH), 134.7 (CH),
150.5 (C), 201.2 (C). The spectral data are anamgmthose described previousty.

5.2.14. 2-(3-Pyridylamino)acetophenone (2m¥.The general procedure 1 using 3-iodopyridine (1.8
g) gave2m (eluent: heptane-AcOEt 70:30) in 62% yield (0.7%g a yellow oil: IR (ATR): 706, 746,
794, 955, 1020, 1106, 1163, 1185, 1240, 1318, 1B884, 1481, 1512, 1568, 1579, 1605, 1638, 1736,
3031, 3247 cif; *H NMR (CDCk) & 2.66 (s, 3H), 6.81 (ddd, 1H,= 8.1, 7.1 and 1.2 Hz), 7.20 (dd,
1H, J = 8.6 and 1.1 Hz), 7.28 (dd, 1Bi= 8.2 and 4.7 Hz), 7.35 (dddd, 18= 8.6, 7.0, 1.6 and 0.5
Hz), 7.59 (ddd, 1HJ = 8.3, 2.4 and 1.5 Hz), 7.85 (dd, 1H; 8.1 and 1.5 Hz), 8.35 (d, 1Bi= 4.7 Hz),
8.57 (br s, 1H), 10.55 (br s, IHFC NMR (CDCE) 8 28.1 (CH), 113.9 (CH), 117.7 (CH), 119.7 (C),
123.8 (CH), 129.5 (CH), 132.6 (CH), 134.7 (CH), Z3(C), 144.7 (CH), 144.8 (CH), 147.0 (C), 201.5
©).

5.2.15. General procedure 2To the required iodide (2.0 g, 6.0 mmol) in,Bu(3 mL) were
successively added activated®¢(0.15 g, 2.4 mmol), 2-aminoacetophenohel(5 mL, 12 mmol) and

K>CO; (2.5 g, 18 mmol). The mixture was degassed andxed under argon for 48 h. After cooling to
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room temperature, the mixture was concentrateditidaidof H,O (25 mL), filtration of the precipitate,
washing with HO and heptane, and drying led to the expected cantho

5.2.16.N,N’-(1,3-Phenylene)-2,2’-bis(2-aminoacetophenone) (RrnThe general procedure 2 using
1,3-diiodobenzene ga&n in 62% yield (1.3 g) as a beige powder: mp 12IRC° 129.5-132.5 °C);
'H NMR (CDC}) & 2.64 (s, 6H), 6.75 (ddd, 2H,= 8.1, 5.8 and 2.3 Hz), 6.99 (dd, 2H= 8.0 and 2.1
Hz), 7.16 (t, 1HJ = 2.1 Hz), 7.28-7.36 (m, 5H), 7.81 (dd, 2H= 8.1 and 1.5 Hz), 10.53 (br s, 2H).
The 'H NMR data are analogous to those described prelidu'*C NMR (CDCE) & 28.3 (2CH),
114.7 (2CH), 116.9 (2CH), 117.0 (CH), 118.4 (2C#)9.4 (2C), 130.3 (CH), 132.6 (2CH), 134.7
(2CH), 141.7 (2C), 147.7 (2C), 201.4 (2C).

5.2.17.N,N’-(1,4-Phenylene)-2,2’-bis(2-aminoacetophenone) (Rorhe general procedure 2 using
1,4-diiodobenzene ga@p in 100% yield (2.1 g) as a beige powder: mp 21qRC> 196-198 °C)H
NMR (CDCk) & 2.65 (s, 6H), 6.72 (ddd, 2H,= 8.1, 6.9 and 1.3 Hz), 7.20 (dd, 2Hz 8.7 and 1.2
Hz), 7.24 (s, 4H), 7.32 (dddd, 2Bi= 8.6, 6.9, 1.6 and 0.5 Hz), 7.82 (dd, 21 8.1 and 1.5 Hz), 10.50
(br s, 2H). ThéH NMR data are analogous to those described prshidt*C NMR (CDCE) & 27.2
(2CHs), 113.2 (2CH), 115.5 (2CH), 118.0 (2C), 123.7 (4C¥B1.7 (2CH), 133.8 (2CH), 135.6 (2C),
147.5 (2C), 200.3 (2C).

5.3. Conversion of theN-arylated 2-aminoacetophenones to isatins

5.3.1. General procedure 3 Method A): To the requiredN-arylated 2-aminoacetophenone (3.0
mmol) in dioxane (3 mL) was added $S90.67 g, 6.0 mmol). The mixture was heated at@@ot 24
h. After cooling to room temperature, the mixturasvwconcentrated and the compound was purified by
chromatography on silica gel (the eluent is givethe product description).

5.3.2. 1-Phenylisatin (3a)The general procedure 3 using 2-(phenylamino)abetoong2a, 0.63 g)
gave3a (eluent: heptane-AcOEt 80:20) in 90% yield (0.6Gag an orange powder: mp 137 °C Hit.
136-139 °C):*H NMR (CDCk) 8 6.90 (d, 1H, = 8.0 Hz), 7.17 (td, 1H] = 7.6 and 0.9 Hz), 7.40-7.59

(m, 6H), 7.70 (dd, 1HJ = 7.4 and 1.4 Hz)}3C NMR (CDCE) & 111.4 (CH), 117.7 (C), 124.4 (CH),
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125.8 (CH), 126.2 (2CH), 129.0 (CH), 130.1 (2CH331L (C), 138.4 (CH), 151.8 (C), 157.5 (C), 183.0
(C). The spectral data are analogous to thoseitledgoreviously>

5.3.3.  1-(4-Phenylphenyl)isatin ~ (3b). The general procedure 3 using 2-((4-
phenyl)phenylamino)acetopheno(#b, 0.86 g) gaveSb (eluent: heptane-AcOEt 80:20) in 67% yield
(0.60 g) as an orange powder: mp 178 4€NMR (CDCk) & 6.98 (dt, 1H,J = 8.0 and 0.75 Hz), 7.19
(td, 1H,J = 7.5 and 0.8 Hz), 7.37-7.52 (m, 5H), 7.57 (td, 1k 7.8 and 1.4 Hz), 7.59-7.64 (m, 2H),
7.72 (ddd, 1HJ = 7.5, 1.4 and 0.6 Hz), 7.74-7.79 (m, 2HE NMR (CDCE) 5 111.4 (CH), 117.7 (C),
124.5 (CH), 125.8 (CH), 126.4 (2CH), 127.3 (2CH)8D (CH), 128.8 (2CH), 129.1 (2CH), 132.1 (C),
138.5 (CH), 140.1 (C), 142.0 (C), 151.8 (C), 15(C®, 183.0 (C). The spectral data are analogous to
those described previoust.

5.3.4. 1-(3-Tolyl)isatin (3c).The general procedure 3 using 2-(3-tolylamino)aeénong2c, 0.68
g) gave3c (eluent: heptane-AcOEt 80:20) in 68% yield (0.48g an orange powder: mp 150 °€:;
NMR (CDCL) & 2.43 (s, 3H), 6.87 (dd, 1H,= 8.0 and 0.75 Hz), 7.16 (td, 1B= 7.5 and 0.8 Hz),
7.18-7.28 (m, 3H), 7.43 (td, 18,= 7.6 and 0.8 Hz), 7.53 (td, 18= 7.8 and 1.4 Hz), 7.68 (ddd, 18,
= 7.4, 1.4 and 0.6 Hz)}*C NMR (CDCE) & 21.5 (CH), 111.5 (CH), 117.6 (C), 123.1 (CH), 124.3
(CH), 125.7 (CH), 126.8 (CH), 129.8 (CH), 129.9 (C#32.9 (C), 138.4 (CH), 140.3 (C), 152.0 (C),
157.5 (C), 183.1 (C). The spectral data are anal®gmthose described previou&ly.

5.3.5. 1-(4-Methoxyphenyl)isatin  (3d). The general procedure 3 using 2-(4-
methoxyphenylamino)acetophenof2el, 0.72 g) gave3d (eluent: heptane-AcOEt 80:20) in 71% yield
(0.54 g) as an orange powder: mp 168 ¥ NMR (CDCk) & 3.86 (s, 3H), 6.82 (d, 1H,= 8.0 Hz),
7.02-7.08 (m, 2H), 7.15 (td, 1H,= 7.5 and 0.8 Hz), 7.28-7.34 (m, 2H), 7.52 (td, 1+ 7.8 and 1.4
Hz), 7.67 (ddd, 1HJ = 7.5, 1.3 and 0.5 Hz}?C NMR (CDCk) & 55.7 (CH), 111.3 (CH), 115.4
(2CH), 117.6 (C), 124.3 (CH), 125.5 (C), 125.6 (CH37.6 (2CH), 138.4 (CH), 152.2 (C), 157.8 (C),

159.9 (C), 183.2 (C). The spectral data are ana®¢mthose described previou&ly.
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5.3.6.  1-(4-Nitrophenyl)isatin ~ (3f® The general procedure 3 using 2-(4-
nitrophenylamino)acetopheno(&f, 0.77 g) gavedf (eluent: heptane-AcOEt 80:20) in 20% vyield (0.16
g) as an orange powder: mp 232 *8;NMR (CDCk) & 7.04 (d, 1HJ = 8.1 Hz), 7.27 (td, 1H] = 7.5
and 0.7 Hz), 7.63 (td, 1H,= 7.8 and 1.4 Hz), 7.66-7.72 (m, 2H), 7.77 (ddd, 1= 7.5, 1.4 and 0.6
Hz), 8.41-8.47 (m, 2H)**C NMR (CDCE) 3 111.3 (CH), 118.0 (C), 125.4 (CH), 125.5 (2CH)6.22
(2CH), 126.4 (CH), 138.7 (CH), 138.7 (C), 147.1,(T50.2 (C), 157.0 (C), 181.6 (C).

5.3.7. 1-(3-Nitrophenyl)isatin ~ (3gF* The general procedure 3 using 2-(3-
nitrophenylamino)acetopheno(gg, 0.77 g) gaveg (eluent: heptane-AcOEt 80:20) in 13% yield (0.10
g) as an orange powder: mp 160 *8;NMR (CDCk) 4 6.97 (d, 1HJ = 8.0 Hz), 7.26 (td, 1H] = 7.6
and 0.7 Hz), 7.62 (td, 1H] = 7.8 and 1.4 Hz), 7.75-7.86 (m, 3H), 8.31-8.37 @H); 1°C NMR
(CDCls) 3 111.1 (CH), 117.8 (C), 121.0 (CH), 123.5 (CH), Z2&H), 126.3 (CH), 131.1 (CH), 132.1
(CH), 134.3 (C), 138.7 (CH), 150.4 (C), 157.1 (£91.7 (C), 1C not seen.

5.3.8.  1-(4-Chlorophenyl)isatin ~ (3h). The general procedure 3 using 2-(4-
chlorophenylamino)acetophenofi2h, 0.74 g) gave3h (eluent: heptane-AcOEt 80:20) in 45% vyield
(0.35 g) as an orange powder: mp 198 °C{lt94-197 °C)*H NMR (CDCk) 5 6.89 (dt, 1H,J = 8.0
and 0.7 Hz), 7.19 (td, 1H,= 7.6 and 0.9 Hz), 7.35-7.40 (m, 2H), 7.50-7.57 2#), 7.57 (dd, 1H) =
7.8 and 1.4 Hz), 7.70 (ddd, 1Bi= 7.5, 1.4 and 0.6 Hz}*C NMR (CDC}) & 111.2 (CH), 117.7 (C),
124.7 (CH), 125.9 (CH), 127.4 (2CH), 130.3 (2CH315 (C), 134.7 (C), 138.5 (CH), 151.3 (C), 157.3
(C), 182.5 (C). The spectral data are analogotisase described previoust.

5.3.9.  1-(4-Bromophenyl)isatin ~ (3i). The general procedure 3 using 2-(4-
bromophenylamino)acetophenofi&, 0.87 g) gave3i (eluent: heptane-AcOEt 80:20) in 80% yield
(0.73 g) as an orange powder: mp 182 °C{lit78-180 °C);'H NMR (CDCk) 5 6.89 (d, 1H,J = 8.1
Hz), 7.19 (td, 1H,] = 7.5 and 0.8 Hz), 7.29-7.34 (m, 2H), 7.56 (td, & 7.8 and 1.4 Hz), 7.66-7.72

(m, 3H);*C NMR (CDC}) 8 111.2 (CH), 117.7 (C), 122.6 (C), 124.7 (CH), B26CH), 127.7 (2CH),
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132.1 (C), 133.3 (2CH), 138.5 (CH), 151.2 (C), BY), 182.5 (C). The spectral data are analogous t
those described previoust.

5.3.10. 1-(4-(Trifluoromethyl)phenyl)isatin (3j). The general procedure 3 using 2-(4-
(trifluoromethyl)phenylamino)acetophenofi, 0.84 g) gavéj (eluent: heptane-AcOEt 80:20) in 62%
yield (0.54 g) as an orange powder: mp 184 °C{tif77-181 °C)*H NMR (CDCk) 5 6.97 (d, 1H,) =
8.0 Hz), 7.23 (td, 1HJ = 7.6 and 0.7 Hz), 7.56-7.62 (m, 3H), 7.73 (dd, 1 7.5 and 0.9 Hz), 7.83
(d, 2H,J = 8.4 Hz);**C NMR (CDC}) & 111.3 (CH), 117.8 (C), 123.7 (q, &= 271 Hz), 124.9 (CH),
126.1 (CH), 126.3 (2CH), 127.2 (q, 2CHz= 15 Hz), 130.8 (q, C] = 40 Hz), 136.3 (C), 138.6 (CH),
150.8 (C), 157.2 (C), 182.1 (C). The spectral @agaanalogous to those described previotsly.

5.3.11. 1-Ferrocenylisatin (3I).To isatin (0.29 g, 2.0 mmol) in BO (3 mL) was added

iodoferrocene (0.31 g, 1.0 mmol) and activated* @88 mg, 1.0 mmol). The mixture was degassed and
heated at 150 °C under argon for 24 h. After cgolowroom temperature, the mixture was concentrated
and the residue was purified by chromatographyilicagel (eluent: heptane-AcOEt 80:20; Rf 0.30)
gave3l in 16% yield (53 mg) as a black powder: mp 170 F’C{ATR): 753, 812, 945, 1093, 1105,
1155, 1173, 1301, 1341, 1354, 1458, 1473, 14959,18921, 1735, 2925, 3114 ¢m'H NMR
(CDCls) & 4.30-4.31 (m, 7H), 4.66 (t, 2H,= 2.0 Hz), 7.18 (td, 1H] = 7.5 and 0.9 Hz), 7.56-7.67 (m,
3H); 3C NMR (CDCE) 8 63.3 (2CH), 66.1 (2CH), 69.8 (5CH), 89.8 (C), BLEZH), 118.0 (C), 124.1
(CH), 125.2 (CH), 138.2 (CH), 151.3 (C), 157.5 ($32.9 (C). Anal. Calcd for H1sFeNG, (331.14):
C, 65.29; H, 3.96; N, 4.23. Found: C, 65.33; HA4M, 4.27 Crystal data for 3. CigHisFeNG, M =
331.14,T = 150 K, triclinic,P -1, a = 7.6255(4)b = 13.3306(6)¢ = 14.5450(7) Ap = 73.602(2)p =
84.944(2),y = 77.362(2) °V = 1383.48(12) A Z = 4,d = 1.590 g crii, x = 1.096 mrit. A final
refinement orF? with 6295 unique intensities and 373 parametenseged atR(F?) = 0.0981 R(F)
=0.0392) for 5336 observed reflections with 26(1). CCDC 1811743.

5.3.12. 1-(3-Pyridyl)isatin (3m,Method B). To 2-(3-pyridylamino)acetophenorigm, 0.11 g, 0.50
mmol) in pyridine (1 mL) was added Sg(15 mg, 1.0 mmol). The mixture was heated at “X2@or
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2 h. After cooling to room temperature, an aquebud solution of HCI (2 mL) was added before
filtration and washing with O (2 x 5 mL). Drying under vacuum afford8d in 89% yield (0.10 g)
as an orange powder: mp 204 °C; IR (ATR): 695, 704, 759, 802, 927, 1028, 1098, 1150, 1170,
1180, 1200, 1300, 1365, 1426, 1461, 1490, 15788,16033, 3049, 3106, 3456 ¢m'H NMR
(CDCls) 8 6.92 (dd, 1H, = 8.0 and 0.8 Hz), 7.23 (td, 1= 7.6 and 0.9 Hz), 7.53 (dd, 1Bi= 8.2
and 4.8 Hz), 7.59 (td, 1H,= 7.8 and 1.4 Hz), 7.74 (ddd, 18= 7.5, 1.2 and 0.5 Hz), 7.82 (ddd, 1H,
= 8.1, 2.5 and 1.5 Hz), 8.70-8.78 (m, 2E3C NMR (CDCE) 5 111.1 (CH), 117.8 (C), 124.6 (CH),
125.0 (CH), 126.2 (CH), 130.1 (C), 133.9 (CH), T3&H), 147.2 (CH), 149.9 (CH), 150.9 (C), 157.4
(C), 182.0 (C). Anal. Calcd forgHgN2O, (224.22): C, 69.64; H, 3.60; N, 12.49. Found: €.7@; H,
3.83; N, 12.55Crystal data for 3m. C13HgN2O,, M = 224.21.T = 150 K, orthorhombid- dd 2,a =
31.035(3)b = 34.022(3)¢ = 3.7555(4) AV = 3965.3(7) K, Z = 16,d = 1.502 g criff, x = 0.104 mrt.

A final refinement onF? with 2262 unique intensities and 154 parametersyemed atwR(F%) =
0.1168 R(F) = 0.0463) for 2126 observed reflections with 26(1). CCDC 1811744.

5.3.13. 1,1'<(1,4-Phenylene)bis(isatin) (30The procedure was adapted from a reported profbcol
To N,N'-(1,4-phenylene)-2,2’-bis(2-aminoacetopheno(®), 1.0 g, 3.0 mmol) in DMSO (6 mL) was
added 4 (2.0 g, 7.8 mmol). The mixture was heated at 180fér 7 h. After cooling to room
temperature, an aqueous saturated solution oB5a (10 mL) was added before filtration and
washing using AcOEt (20 mL). Drying afford8d in 56% vyield (0.62 g) as a beige powder: mp > 260
°C; IR (ATR): 701, 754, 815, 823, 928, 1029, 109451, 1182, 1302, 1358, 1426, 1461, 1515, 1608,
1737, 3059, 3458 ¢ *H NMR ((CD3),S0)d 6.98 (d, 2H,) = 7.9 Hz), 7.23 (t, 2H) = 7.5 Hz), 7.62-
7.71 (m, 8H);™*C NMR ((CDs),SO) & 110.9 (2CH), 117.8 (2C), 123.8 (2CH), 124.7 (2CH}7.7
(4CH), 133.0 (2C), 138.0 (2CH), 150.9 (2C), 1572&), 182.5 (2C). Anal. Calcd for ,g:,N,O4
(368.35): C, 71.74; H, 3.28; N, 7.61. Found: C921H, 3.41; N, 7.67.

5.4.N-arylation of 2-aminobenzophenone (5) or 2-amino-8enzoylpyridine (7)
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5.4.1. 2-Amino-3-benzoylpyridine (7) was synthesized from 2-fluoro-3-benzoylpyridine as
described previousR. Yield: 88%. White powder: mp 145 °C (iit.147 °C);*H NMR (CDCk) & 6.61
(dd, 1H,J = 7.8 and 4.8 Hz), 6.80 (br s, 2H), 7.45-7.63%k), 7.78 (dd, 1HJ = 7.8 and 1.9 Hz), 8.25
(dd, 1H,J = 4.8 and 1.9 Hz)**C NMR (CDCE) & 112.2 (CH), 113.2 (C), 128.5 (2CH), 129.2 (2CH),
131.7 (CH), 139.2 (C), 143.3 (CH), 153.5 (CH), 75&), 197.8 (C).

5.4.2. General procedure 4:The N-arylated substrates were prepared by slightly fgiogdj a
literature procedur® To the required iodide (9.0 mmol) in BN (3 mL) were successively added
activated CB (76 mg, 1.2 mmol), the aminoketone (6.0 mmol) &€O; (1.7 g, 12 mmol). The
mixture was degassed and refluxed under argornrétition time is given in the product description).
After cooling to room temperature, the mixture wascentrated. Addition of ¥ (25 mL), extraction
with AcOEt (3x10 mL), drying over N8O, removal of the solvent and purification by
chromatography on silica gel (the eluent is giventhe product description) led to the expected
compound.

5.4.3. 2-(4-Aminophenylamino)benzophenone (9€jhe general procedure 4 (reaction time: 24 h)
using 4-iodoaniline (2.0 g) and 2-aminobenzopher{dné.1 g) gavée (eluent: heptane-AcOEt 80:20)
in 42% vyield (0.73 g) as an orange oil: IR (ATR)QO7 730, 748, 819, 845, 925, 939, 1109, 1154, 1252,
1325, 1410, 1446, 1514, 1567, 1616, 2923, 30316 385"; 'H NMR (CDCkL) 3 3.4-4.4 (br s, 2H),
6.59 (t, 1H,J = 7.5 Hz), 6.75 (d, 2H] = 8.6 Hz), 7.06 (d, 1H] = 8.6 Hz), 7.11 (d, 2H] = 8.5 Hz),
7.26-7.29 (m, 1H), 7.45-7.55 (m, 4H), 7.66-7.68 @H), 10.02 (br s, 1H)**C NMR (CDCE) 5 114.0
(CH), 115.3 (CH), 116.5 (2CH), 118.3 (C), 126.1 KDC128.2 (2CH), 129.3 (2CH), 131.1 (CH), 131.8
(C), 134.6 (CH), 135.3 (CH), 140.4 (C), 142.9 (090.5 (C), 199.3 (C). Anal. Calcd forgEl16N,0
(288.35): C, 79.14; H, 5.59; N, 9.72. Found: C2B9H, 5.70; N, 9.89.

5.4.4. 2-(4-Bromophenylamino)benzophenone (9iT.he general procedure 4 (reaction time: 24 h)
using 1-bromo-4-iodobenzene (2.5 g) and 2-aminafygmenone§, 1.1 g) gavedi (eluent: heptane-

AcOEt 80:20) in 74% yield (1.6 g) as a yellow d#f NMR (CDCk) & 6.85 (ddd, 1H,) = 8.1, 7.1 and
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1.2 Hz), 7.33 (d, 2H] = 8.5 Hz), 7.42 (ddd, 1H),= 8.5, 7.1 and 1.6 Hz), 7.44-7.59 (m, 7H), 7.7257.
(m, 2H); *C NMR (CDCE) & 114.9 (CH), 115.8 (C), 117.3 (CH), 120.4 (C), R&CH), 128.3
(2CH), 129.6 (2CH), 131.7 (CH), 132.5 (2CH), 134GH), 135.1 (CH), 139.7 (C), 140.0 (C), 147.4
(C), 199.3 (C). The spectral data are similar tséhreported previousty.

5.4.5. 2-(4-(Trifluoromethyl)phenylamino)benzophenne (9j).>’ The general procedure 4 (reaction
time: 24 h) using l-iodo-4-(trifluoromethyl)benzef®4 g) and 2-aminobenzophenobe 1.1 g) gave
9j (eluent: heptane-AcOEt 90:10) in 81% vyield (1.7ag)a yellow powder: mp 74 °C; IR (ATR): 699,
745, 760, 827, 840, 926, 939, 1011, 1065, 1106711856, 1316, 1449, 1525, 1572, 1591, 1617,
3067, 3302 cil; 'H NMR (CDCk) 5 6.88 (ddd, 1HJ = 8.1, 7.1 and 1.1 Hz), 7.36 (d, 2Hs 8.5 Hz),
7.45 (ddd, 1HJ = 8.5, 7.2 and 1.5 Hz), 7.50-7.55 (m, 3H), 7.587m, 4H), 7.75-7.77 (m, 2H), 10.09
(br s, 1H);**C NMR (CDCE) 8 116.1 (CH), 118.6 (CH), 119.7 (2CH), 121.9 (C)422(q, CJ = 32.8
Hz), 124.5 (g, CJ = 272 Hz), 126.8 (g, 2CH] = 3.8 Hz), 128.4 (2CH), 129.8 (2CH), 132.1 (CH),
134.2 (CH), 134.9 (CH), 139.3 (C), 144.4 (C), 14&8 199.2 (C).

5.4.6. 2-(2-Thienylamino)benzophenone (9kYhe general procedure 4 (reaction time: 24 h)gisin
2-iodothiophene (0.99 mL) and 2-aminobenzophenbng.{ g) gavék (eluent: heptane) in 50% vyield
(0.84 g) as a brown oil: Rf (heptane-AcOEt 80:2(@810 IR (ATR): 682, 697, 748, 923, 937, 1154,
1179, 1224, 1251, 1310, 1324, 1442, 1495, 15424,15599, 1616, 1738, 3061, 3252 tmMH NMR
(CDCl) 3 6.71 (ddd, 1HJ = 8.1, 7.1 and 1.1 Hz), 6.87 (dt, 1H= 3.6 and 1.2 Hz), 6.96 (dd, 1Bi=
5.6 and 3.6 Hz), 7.07 (dd, 1d,= 5.6 and 1.3 Hz), 7.17 (dd, 1Bl= 8.6 and 1.1 Hz), 7.33-7.40 (m,
1H), 7.45-7.59 (m, 4H), 7.66-7.70 (m, 2H), 10.1 $briH);**C NMR (CDCE) & 114.4 (CH), 116.7
(CH), 118.7 (C), 121.2 (CH), 121.6 (CH), 126.1 (CH28.3 (2CH), 129.4 (2CH), 131.4 (CH), 134.9
(CH), 135.0 (CH), 140.0 (C), 143.5 (C), 150.3 (£99.6 (C). Anal. Calcd for £H13NOS (279.36): C,
73.09; H, 4.69; N, 5.01; S, 11.48. Found: C, 73t234.81; N, 4.77; S, 11.34.

5.4.7. 2-(Ferrocenylamino)benzophenone (91T he general procedure 4 (reaction time: 24 h)gisin

iodoferrocene (2.8 g) and 2-aminobenzophen&nd.l g) gavedl (eluent: heptane-Gi€l, 80:20) in
26



85% vyield (1.9 g) as a sticky red oil; Rf (heptake©Et 80:20) 0.71; IR (ATR): 698, 731, 748, 804,
821, 919, 932, 1000, 1105, 1152, 1249, 1322, 18509, 1570, 1599, 1615, 1738, 3083, 3275cm
'H NMR (CDCH) & 4.14-4.57 (m, 9H), 6.55 (t, 1H,= 7.0 Hz), 7.07 (br s, 1H), 7.34 (t, 1Bi= 6.7
Hz), 7.45-7.57 (m, 4H), 7.62-7.70 (m, 2H), 9.64 br1H);**C NMR (CDCE) 3 65.1 (2CH), 65.6
(2CH), 69.5 (5CH), 96.1 (C), 114.2 (CH), 115.2 (CH17.8 (C), 128.2 (2CH), 129.2 (2CH), 131.1
(CH), 134.6 (CH), 135.2 (CH), 140.4 (C), 151.2 (©99.6 (C). Anal. Calcd for gH1sFeNO (381.26):
C, 72.46; H, 5.02; N, 3.67. Found: C, 72.52; HO51S, 3.59.

5.4.8.N-Ferrocenyl-2-amino-3-benzoylpyridine (101).The general procedure 4 (reaction time: 5 h)
using 2-amino-3-benzoylpyridin&,(1.2 g) and iodoferrocene (2.8 g) gavd (eluent: heptane-AcOEt
70:30) in 82% vyield (1.9 g) as an orange powder: iip °C; Rf (heptane-AcOEt 80:20) 0.50; IR
(ATR): 697, 713, 764, 802, 821, 924, 1005, 1076411245, 1300, 1396, 1516, 1586, 1617, 3095,
3269 cm'; 'H NMR (CDCk) 6 4.12 (s, 2H), 4.21 (s, 5H), 4.76 (s, 2H), 6.59, (d, J = 7.8 and 4.6
Hz), 7.47-7.65 (m, 5H), 7.80 (dd, 1Bi= 7.8 and 1.9 Hz), 8.39 (dd, 1Bi= 4.7 and 1.9 Hz), 10.13 (br
s, 1H);**C NMR (CDC}) 3 64.0 (2CH), 65.1 (2CH), 69.4 (5CH), 95.4 (C), BLI{CH), 112.9 (C),
128.5 (2CH), 129.2 (2CH), 131.6 (CH), 139.4 (C)34(CH), 154.4 (CH), 157.9 (C), 198.4 (C). Anal.
Calcd for GoHigFeN,O (382.24): C, 69.13; H, 4.75; N, 7.33. Found: ©,28; H, 4.96; N, 7.51.
Crystal data for 10l. CooHi1sFeNO, M = 382.23, T = 150 K, triclinic, P-1, a = 7.9601(9),b =
8.0753(9),c = 14.2210(16) Ag = 75.571(4)B = 87.859(4)y = 72.932(4) °V = 845.67(17) A Z = 2,

d = 1.501 g crif, x = 0.905 mrt. A final refinement orF* with 3892 unique intensities and 238
parameters converged @R(F?) = 0.0894 R(F) = 0.0332) for 3657 observed reflections with 25(1).
CCDC 1811746.

5.4.9. 2-(3-Pyridylamino)benzophenone (9m)he general procedure 4 (reaction time: 24 h)gisin
3-iodopyridine (1.8 g) and 2-aminobenzophendnel (1 g) gavédm (eluent: heptane-AcOEt 70:30) in
88% yield (1.4 g) as a yellow oil: Rf (heptane-Ad@B:20) 0.08; IR (ATR): 698, 748, 926, 938, 1156,
1249, 1315, 1448, 1509, 1576, 1625, 3029, 30564 226" '"H NMR (CDCk) & 6.79 (ddd, 1H,) =
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8.1, 6.9 and 1.2 Hz), 7.31 (br s, 1H), 7.33 (d, d1,7.7 Hz), 7.38 (td, 1H] = 7.7, 7.0 and 1.5 Hz),

7.46-7.50 (m, 2H), 7.54-7.58 (m, 2H), 7.61 (d, IH; 8.1 Hz), 7.70-7.73 (m, 2H), 8.39 (br s, 1H),8.6
(br s, 1H), 10.1 (br s, 1H}*C NMR (CDCE) & 114.6 (CH), 117.9 (CH), 120.8 (C), 124.2 (CH), B8

(2CH), 128.5 (C), 129.6 (2CH), 131.8 (CH), 134.4]C135.1 (CH), 137.7 (CH), 139.5 (C), 144.0
(CH), 144.4 (CH), 147.1 (C), 199.4 (C). Anal. Cafcd CigH14N,O (274.32): C, 78.81; H, 5.14: N,

10.21. Found: C, 79.05; H, 5.33; N, 10.28.

5.5.N-arylation-cyclization of 2-ketoanilines

5.5.1. General procedure 5To the required aniline (1.5 mmol) and iodide (&meount is given in
the product description) in BO (2 mL) were successively added activated*@19 mg, 0.30 mmol)
and KCO; (0.43 g, 3.0 mmol). The mixture was degassed afidxed under argon (the reaction time
is given in the product description). After coolithgroom temperature, the expected compound was
isolated as described in the product description.

5.5.2. 11-Methyl[1]benzothieno[2,3]quinoline (4p). The general procedure 5 (reaction time: 24 h)
using 2-iodobenzothiophene (2.2 mmol, 0.57 g) ammihoacetophenone (0.18 g) gade after
filtration of the precipitate, washing with waterO(mL) and heptane (10 mL), dissolution in i
(20 mL), filtration to remove copper and evaponata the solvent. The product was isolated in 46%
yield (0.17 g) as a beige powder: mp 172 °C; Rptaee-AcOEt 80:20) 0.45; IR (ATR): 702, 728, 751,
823, 855, 928, 1071, 1110, 1165, 1183, 1302, 13895, 1461, 1515, 1575, 1608, 1737, 3060"cm
'H NMR (CDCh) & 3.19 (s, 3H), 7.46-7.53 (m, 2H), 7.57 (ddd, IH; 8.3, 7.7 and 1.3 Hz), 7.74 (ddd,
1H,J = 8.3, 7.6 and 1.3 Hz), 7.83-7.88 (m, 1H), 8.12, (tH,J = 8.5 and 0.7 Hz), 8.27 (dd, 1Bi= 8.6
and 0.8 Hz), 8.34-8.39 (m, 1H)JIC NMR (CDCE) 3 16.0 (CH), 123.3 (CH), 124.2 (CH), 125.0 (CH),
125.4 (CH), 125.6 (C), 126.1 (CH), 126.8 (C), 12(C51), 128.8 (CH), 129.5 (CH), 134.1 (C), 138.6
(C), 140.4 (C), 147.0 (C), 163.0 (C). Anal. Calod €;¢H1:NS (249.32): C, 77.08; H, 4.45; N, 5.62; S,
12.86. Found: C, 77.13; H, 4.56; N, 5.64; S, 120ystal data for 4p. Ci6H11NS, M = 249.32T =
150 K, monoclinicP 24/n, a = 15.5283(13)b = 9.1423(6)c = 17.4157(15) Ap = 106.444(2) °V =
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2371.3(3) R, z = 8,d = 1.397 g crif, u = 0.250 mrit. A final refinement orF? with 5353 unique
intensities and 357 parameters convergedR(F?) = 0.1896 R(F) = 0.0806) for 3124 observed
reflections withl > 25(1). CCDC 1811748.

5.5.3. 11-Phenyl[1]benzothieno[2,B}quinoline (6p). The general procedure 5 (reaction time: 24 h)
using 2-iodobenzothiophene (2.2 mmol, 0.57 g) afanihobenzophenon&,(0.27 g) gavesp after
filtration over celit& using AcCOEt (20 mL), removal of the solvent andifization by chromatography
on silica gel (eluent: heptane). The product wakated in 64% yield (0.30 g) as a yellow powder: mp
179 °C (lit®8175-177 °C)*H NMR (CDCk) & 6.79 (dd, 1H,J = 8.2 and 0.5 Hz), 7.09 (ddd, 18i=
8.3, 7.3 and 1.2 Hz), 7.37-7.48 (m, 4H), 7.62 (diid, J = 8.5, 1.4 and 0.5 Hz), 7.64-7.71 (m, 3H),
7.77 (ddd, 1H,) = 8.4, 6.7 and 1.5 Hz), 7.81 (ddd, 1H 8.0, 1.0 and 0.6 Hz), 8.19 (ddd, 1Hs 8.5,

1.1 and 0.6 Hz)**C NMR (CDCE) 8 123.0 (CH), 124.7 (CH), 125.5 (CH), 125.6 (CH)512(C),
126.0 (C), 126.7 (CH), 127.9 (CH), 128.2 (CH), IR@CH), 129.1 (2CH), 129.6 (2CH), 129.7 (CH),
133.2 (C), 136.5 (C), 138.7 (C), 143.9 (C), 14713, (163.3 (C). The spectral data are analogous to
those described previousi?

5.5.4. 5-Phenylbenzothieno[2,8}[1,8]naphthyridine (8p). The general procedure 5 (reaction time:
24 h) using 2-iodobenzothiophene (1.2 mmol, 0.3&rg) 2-amino-3-benzoylpyridin@, 0.30 g) gave,
after removal of the solvent and purification byarhatography on silica gel (eluent: heptane-AcOEt
70:30),8p in 63% vyield (0.24 g) as a beige powder: mp 252R{Z(AcOEt) 0.53; IR (ATR): 702, 723,
742, 761, 781, 820, 882, 1018, 1054, 1100, 1148311312, 1367, 1381, 1454, 1581, 1592, 3049 cm
1 14 NMR (CDCk) & 6.85 (d, 1H,J = 7.9 Hz), 7.12 (ddd, 1H,= 8.3, 7.3 and 1.2 Hz), 7.41-7.47 (m,
3H), 7.66-7.71 (m, 3H), 7.84 (d, 18= 8.1 Hz), 8.04 (d, 1H] = 7.4 Hz);**C NMR (CDC}) & 123.1
(CH), 124.9 (CH), 125.5 (CH), 126.9 (C), 128.4 (CH}9.1 (2CH), 129.4 (CH), 129.7 (2CH), 132.4
(C), 135.3 (C), 135.9 (CH), 139.0 (C), 144.5 ((§3% (C), 154.2 (C), 166.5 (C), 2CH not seen. Anal.
Calcd for GoH12N2S (312.39): C, 76.90; H, 3.87; N, 8.97; S, 10.28urke: C, 77.06; H, 4.01; N, 9.05;
S, 10.29.
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5.5.5. 11-Methyl[1]benzofuro[2,3b]quinoline (4q). The general procedure 5 (reaction time: 24 h)
using 2-iodobenzofuran (2.2 mmol, 0.54 g) and 2r@acetophenone (0.18 g) gadeg after filtration
of the precipitate, washing with water (10 mL) dmeptane (10 mL), dissolution in GEl, (20 mL),
filtration to remove copper and evaporation of sbévent. The product was isolated in 57% yield @0.2
g) as a beige powder: mp 187 °C {[t.189-190.5 °C); IR (ATR): 719, 744, 757, 853, 102102,
1191, 1208, 1310, 1386, 1456, 1463, 1513, 15927 16038, 3060 cify '"H NMR (CDCk) & 3.15 (s,
3H), 7.41 (td, 1HJ = 7.6 and 1.1 Hz), 7.55 (td, 18i= 7.8 and 1.3 Hz), 7.59 (ddd, 18= 8.3, 6.9 and
1.3 Hz), 7.64 (br d, 1H] = 8.1 Hz), 7.76 (ddd, 1H} = 8.3, 6.8 and 1.4 Hz), 8.12-8.17 (m, 2H), 8.21
(dd, 1H,J = 8.5 and 0.9 Hz)**C NMR (CDCk) & 15.3 (CH), 112.1 (CH), 116.1 (C), 123.3 (CH),
123.4 (C), 123.5 (CH), 124.0 (CH), 124.9 (CH), Z2&), 128.7 (CH), 129.2 (CH), 129.5 (CH), 140.8
(C), 146.0 (C), 155.7 (C), 162.2 (C).

5.5.6. 11-Phenyl[1]benzofuro[2,3]quinoline (6q). The general procedure 5 (reaction time: 24 h)
using 2-iodobenzofuran (2.2 mmol, 0.54 g) and 2raiménzophenone5( 0.27 g) gavebq after
filtration over celit& using AcOEt (20 mL), removal of the solvent andifization by chromatography
on silica gel (eluent: heptane-@El,-AcOEt 80:15:5). The product was isolated in 85%d/i(0.38 g)
as a pale pink powder: mp 208 °C {fit.204-206 °C)!H NMR (CDCk) & 7.06-7.11 (m, 1H), 7.12 (td,
1H,J = 7.8 and 1.0 Hz), 7.44-7.51 (m, 2H), 7.54-7.57 2i), 7.61 (d, 1HJ = 8.2 Hz), 7.63-7.71 (m,
3H), 7.74-7.82 (m, 2H), 8.21 (dd, 1Bi= 8.4 and 0.5 Hz)}3C NMR (CDCk) 5 111.9 (CH), 115.7 (C),
122.5 (C), 123.0 (CH), 123.2 (CH), 125.1 (CH), T2&C), 126.3 (CH), 128.7 (CH), 129.1 (CH), 129.1
(CH), 129.2 (2CH), 129.4 (2CH), 129.7 (CH), 135(),(144.1 (C), 146.3 (C), 156.0 (C), 162.2 (C).
Crystal data for 6. C;1H13NO, M = 295.32,T = 150 K, triclinic,P -1,a = 6.9518(5)b = 10.5357(8),

c = 10.7838(9) Ap = 113.375(3) = 95.636(3)y = 94.534(3) °V = 715.45(10) A Z=2,d=1.371 g
cm®, 4 = 0.084 mrt. A final refinement onF? with 3245 unique intensities and 218 parameters
converged atR(F?) = 0.1585 R(F) = 0.0681) for 2802 observed reflections with 25(1). CCDC
1811745.
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5.5.7. 5-Phenylbenzofuro[2,3][1,8]naphthyridine (8q). The general procedure 5 (reaction time: 6
h) using 2-iodobenzofuran (1.2 mmol, 0.29 g) anai®no-3-benzoylpyridine7( 0.30 g) gave, after
removal of the solvent and purification by chronga&phy on silica gel (eluent: heptane-AcOEt 70:30),
8g in 70% yield (0.25 g) as a beige powder: mp 261 REC(AcOEt) 0.53; IR (ATR): 702, 723, 742,
761, 781, 820, 1054, 1100, 1147, 1183, 1215, 13387, 1381, 1454, 1581, 1592, 3049 'crH
NMR (CDs;OD) & 7.12-7.22 (m, 2H), 7.52-7.66 (m, 5H), 7.66-7.78 @H), 8.29 (d, 1H, = 8.3 Hz),
9.05 (br s, 1H)**C NMR ((CDs),CO/CDCE) 8 112.7 (CH), 116.9 (C), 121.8 (CH), 122.7 (C), 123.
(CH), 124.5 (CH), 129.2 (C), 130.2 (2CH), 130.2 KBC130.3 (CH), 130.7 (CH), 135.3 (C), 136.1
(CH), 145.7 (C), 153.9 (CH), 155.1 (C), 156.9 (0§4.7 (C). Anal. Calcd for 5H1.N,O (296.33): C,
81.07; H, 4.08; N, 9.45. Found: C, 81.13; H, 41859.32.

5.5.8. 4-Phenylfuro[2,3b]quinoline (6r).>® The general procedure 5 (reaction time: 24 h)gqugin
iodofuran (2.2 mmol, 0.43 g) and 2-aminobenzopherbn0.27 g) gavér after filtration over celit®
using AcOEt (20 mL), removal of the solvent andification by chromatography on silica gel (eluent:
heptane-AcOEt 50:50). The product was isolatedlib §ield (0.22 g) as a beige powder: mp 118 °C;
'H NMR (CDCk) 8 6.74 (dd, 1H,J = 2.7 and 0.4 Hz), 7.43-7.65 (m, 6H), 7.73 (ddd, 1= 8.4, 6.8
and 1.5 Hz), 7.78 (d, 1H,= 2.7 Hz), 7.97 (ddd, 1H, = 8.5, 1.4 and 0.6 Hz), 8.19 (ddd, 1H= 8.5,
1.3 and 0.6 Hz)**C NMR (CDCE) & 121.4 (CH), 124.1 (C), 125.5 (CH), 126.6 (CH), I28CH),
128.7 (CH), 128.7 (2CH), 128.8 (CH), 129.2 (CH)Q23(2CH), 130.5 (C), 136.3 (C), 143.0 (C), 147.1
(C), 163.1 (C).

5.6. Cyclization of theN-arylated 2-ketoanilines

5.6.1. General procedure 6:The cyclized products were prepared by adaptingjtesature
proceduré® To the requiredN-arylated 2-ketoaniline (1.0 mmol) in GEO,H (3 mL) was added 96%
H.SO, (2.8 mmol, 0.15 mL). The mixture was stirred ab I’C. The reaction time is given in the
product description. After cooling to room temparat water (5 mL) was added and the mixture was
basified using 25% NIDH. Extraction using AcOEt (3x20 mL), removal ofettsolvent and
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purification by chromatography on silica gel (tHaeat is given in the product description) led le t
expected compound.

5.6.2. 2-Amino-9-phenylacridine (6e§° The general procedure 6 (reaction time: 15 miimgi8-(4-
aminophenylamino)benzophenon#e (0.29 g) gavebe (eluent: heptane-AcOEt 50:50) in 59% yield
(0.16 g) as an orange powder: mp 84 °C; Rf (Ac@EY; IR (ATR): 700, 729, 752, 826, 907, 1029,
1072, 1140, 1171, 1242, 1294, 1363, 1418, 14483,14859, 1608, 1636, 3191, 3327 tmH NMR
(CDCly) 83.93 (br s, 2H), 6.67 (d, 1H,= 2.5 Hz), 7.29 (dd, 1Hl = 9.2 and 2.5 Hz), 7.35 (ddd, 18,
=8.7, 6.5 and 1.2 Hz), 7.42 (d, 2Hz 6.8 Hz), 7.55-7.61 (m, 4H), 7.64 (ddd, 1H 8.7, 6.5 and 1.4
Hz), 8.12 (d, 1H,] = 9.2 Hz), 8.19 (d, 1H] = 8.7 Hz);**C NMR (CDCk) 3 104.2 (CH), 124.6 (CH),
125.7 (CH), 125.8 (C), 126.3 (CH), 126.8 (C), 126CH), 128.4 (CH), 128.6 (2CH), 129.7 (CH),
130.6 (2CH), 131.1 (CH), 136.8 (C), 143.1 (C), BAZ), 145.4 (C), 146.7 (C).

5.6.3. 2-Amino-9-methylacridine (4e)The general procedure 6 (reaction time: 10 mimagu2-(4-
aminophenylamino)acetophenorizge (0.23 g) gavede (eluent. heptane-AcOEt 50:50) in 94% yield
(0.20 g) as an orange powder: mp 218 °C{I210-211 °C); Rf (AcOEt) 0.45H NMR (CDCk) &
2.98 (s, 3H), 4.07 (br s, 2H), 7.23-7.31 (m, 2HR07(t, 1H,J = 7.7 Hz), 7.65 (t, 1H] = 7.6 Hz), 8.08
(d, 1H,J = 9.1 Hz), 8.16 (dd, 2H] = 8.7 and 4.2 Hz)**C NMR (CDCE) 5 13.7 (CH), 102.6 (CH),
124.2 (CH), 124.4 (CH), 125.5 (CH), 126.1 (C), 12(C), 128.3 (CH), 130.2 (CH), 131.6 (CH), 138.1
(C), 143.5 (C), 144.8 (C), 146.4 (C).

5.6.4. 2-Chloro-9-methylacridine (4h).The general procedure 6 (reaction time: 10 mimgu&-(4-
chlorophenylamino)acetophenorth(0.25 g) gaveéh (eluent: heptane-AcOEt 80:20; Rf 0.32) in 92%
yield (0.21 g) as a pale yellow powder: mp 126 KC°t 124-125 °C)*H NMR (CDCk) & 3.08 (s, 3H),
7.58 (ddd, 1H,) = 8.8, 6.6 and 1.3 Hz), 7.68 (dd, 1H= 9.2 and 2.3 Hz), 7.78 (ddd, 1Bi= 8.8, 6.6
and 1.4 Hz), 8.16 (dd, 1H,= 9.3 and 0.5 Hz), 8.18-8.25 (s, 3HJC NMR (CDCE) & 13.9 (CH),
123.3 (CH), 124.6 (CH), 125.9 (C), 126.0 (C), 126€C®), 130.2 (CH), 130.4 (CH), 131.1 (CH), 131.5

(C), 132.1 (CH), 141.6 (C), 146.8 (C), 148.6 (C).
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5.6.5. 9-Phenyl-2-bromoacridine (6i).The general procedure 6 (reaction time: 15 mimagug-(4-
bromophenylamino)benzophenoné, (0.35 g) gavebi (eluent: heptane-AcOEt 90:10) in 46% yield
(0.15 g) as a yellow powder: mp 129 °C; Rf (heptAn®Et 80:20) 0.41; IR (ATR): 670, 701, 749,
788, 818, 860, 934, 950, 1000, 1012, 1056, 1148912331, 1411, 1428, 1453, 1469, 1494, 1537,
3060 cm; 'H NMR (CDCk) & 7.42-7.46 (m, 3H), 7.61-7.65 (m, 3H), 7.69 (d, I+ 8.7 Hz), 7.78-
7.82 (m, 2H), 7.85 (d, 1H] = 1.1 Hz), 8.15 (d, 1H] = 9.3 Hz), 8.26 (d, 1H] = 8.6 Hz);**C NMR
(CDCl;) 8 120.0 (C), 125.6 (C), 126.2 (CH), 126.4 (CH), T2(CH), 128.7 (CH), 128.8 (2CH), 129.9
(CH), 130.5 (CH), 130.5 (2CH), 131.6 (CH), 133.H]C135.4 (C), 146.5 (C), 147.3 (C), 149.1 (C),
1C not seen. Anal. Calcd foréE112BrN (334.22): C, 68.28; H, 3.62; N, 4.19. Found®68,44; H, 3.70;

N, 4.11.

5.6.6. 2-Bromo-9-methylacridine (4i).The general procedure 6 (reaction time: 10 mimagu2-(4-
bromophenylamino)acetophenori#, (0.29 g) gaveli (eluent: heptane-AcOEt 80:20; Rf 0.36) in 95%
yield (0.26 g) as a yellow powder: mp 121 °C; IRT@: 663, 710, 746, 822, 850, 911, 1048, 1150,
1324, 1373, 1413, 1516, 1554, 1602, 1623, 3056; ¢kt NMR (CDCk) & 3.05 (s, 3H), 7.57 (ddd, 1H,
J=8.9, 6.5and 1.3 Hz), 7.76-7.80 (m, 2H), 8.071¢d, J = 9.2 Hz), 8.18 (dt, 1H] = 8.8 and 0.9 Hz),
8.22 (dt, 1HJ = 8.8 and 1.0 Hz), 8.39 (d, 1Bi= 2.1 Hz);**C NMR (CDCE) & 13.9 (CH), 119.8 (C),
124.6 (CH), 125.8 (C), 126.2 (CH), 126.6 (C), 126c81), 130.3 (CH), 130.5 (CH), 132.1 (CH), 133.4
(CH), 141.5 (C), 146.9 (C), 148.7 (C). The spedieth are analogous to those reported previdasly.

5.6.7. 9-Phenyl-2-(trifluoromethyl)acridine (6j). The general procedure 6 (reaction time: 10 min)
using 2-(4-(trifluoromethyl)phenylamino)benzopheaofj, 0.34 g) gavesj (eluent:. heptane-AcOEt
90:10) in 96% vyield (0.31 g) as a pale yellow powaep 158 °C; Rf (heptane-AcOEt 80:20) 0.38; IR
(ATR): 668, 706, 753, 829, 963, 1059, 1115, 11418} 1179, 1260, 1285, 1308, 1421, 1616, 1641,
3048 cni; '"H NMR (CDCk) & 7.43-7.52 (m, 3H), 7.62-7.67 (m, 3H), 7.74 (ddd, 1 = 8.8, 1.5 and
0.8 Hz), 7.85 (ddd, 1H] = 8.8, 6.5 and 1.4 Hz), 7.90 (dd, 1Hs 9.1 and 2.0 Hz), 8.03 (pent, 1HF

1.1 Hz), 8.31 (dt, 1H) = 8.8 and 1.0 Hz), 8.39 (dt, 18i= 9.2 and 0.9 Hz)*C NMR (CDCE) & 123.8
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(C), 124.2 (g, CJ = 271 Hz), 125.2 (g, CHl = 2.8 Hz), 125.4 (q, CHI = 4.9 Hz), 125.7 (C), 126.6
(CH), 127.2 (CH), 127.4 (q, G,= 32.2 Hz), 128.8 (2CH), 129.1 (CH),129.9 (CH)QB3(2CH), 131.3

(CH), 131.3 (CH),135.0 (C), 149.1 (C), 149.2 (3302 (C). Anal. Calcd for £H1F:N (323.32): C,

74.30; H, 3.74; N, 4.33. Found: C, 74.38; H, 31874.40.

5.6.8. 9-Methyl-2-(trifluoromethyl)acridine (4j).% The general procedure 6 (reaction time: 30 min)
using 2-(4-(trifluoromethyl)phenylamino)acetopheaofdj, 0.28 g) gavedj (eluent: heptane-AcOEt
80:20; Rf 0.36) in 98% vyield (0.26 g) as an orapge/der: mp 152 °C*H NMR (CDCk) & 3.19 (s,
3H), 7.63 (ddd, 1HJ = 8.9, 6.6 and 1.3 Hz), 7.85 (ddd, 1H 8.0, 6.6 and 1.4 Hz), 7.90 (dd, 1H=
9.4 and 2.2 Hz), 8.23-8.32 (m, 2H), 8.34 (d, Ir 9.1 Hz), 8.59 (ddd, 1H, = 2.0, 1.3 and 0.7 Hz);
1%C NMR (CDC}) 3 14.0 (CH), 123.2 (g, CH,) = 4.9 Hz), 124.1 (C), 124.4 (q, €= 271 Hz), 124.8
(CH), 125.0 (g, CHJ) = 3.0 Hz), 126.0 (C), 126.4 (CH), 127.2 (q,JG 32.1 Hz), 130.4 (CH), 131.2
(CH), 131.7 (CH), 144.6 (C), 148.6 (C), 149.6 (CJystal data for 4j. CisHigFsN, M = 261.24T =
150 K, monoclinic,P 2;/n, a = 12.813(3)b = 6.7599(15)c = 14.414(3) Ap = 109.355(7) °V =
1177.9(4) R, Z = 4,d = 1.473 g ci, x = 0.120 mnt. A final refinement orF? with 2699 unique
intensities and 173 parameters convergedR(F?) = 0.1675 R(F) = 0.0655) for 1457 observed
reflections withl > 25(1). CCDC 1811747.

5.6.9. 4-Phenylthieno[2,3]quinoline (6k). The general procedure 6 (reaction time: 30 mimaJs
2-(2-thienylamino)benzophenofigk, 0.28 g) gavék (eluent: AcOEt) in 80% yield (0.21 g) as a beige
powder: mp 118 °C (Ii® 119-120 °C);*H NMR (CDCk) & 7.11 (d, 1H,J = 6.3 Hz), 7.44-7.62 (m,
7H), 7.74 (ddd, 1H) = 7.7, 6.7 and 1.4 Hz), 7.86 (ddd, 1Hs 8.6, 1.5 and 0.7 Hz), 8.21 (ddd, 1Hs
8.6, 1.5 and 0.7 Hz}*C NMR (CDCE) 5 121.4 (CH), 124.1 (C), 125.5 (CH), 126.5 (CH), 12&CH),
128.6 (CH), 128.7 (2CH), 128.8 (CH), 129.2 (CH)P23(2CH), 130.4 (C), 136.3 (C), 143.0 (C), 147.0
(C), 163.1 (C).

5.6.10. 4-Methylthieno[2,3b]quinoline (4k). The general procedure 6 (reaction time: 10 mimais
2-(2-thienylamino)acetophenor{gk, 0.22 g) gavedk (eluent: CHCI,) in 61% yield (0.12 g) as an
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orange powder: mp 89 °C (fit.91-92 °C);'H NMR (CDCEk) 4 3.00 (s, 3H), 7.47 (d, 1H,= 6.3 Hz),
7.55 (d, 1H,) = 6.3 Hz), 7.58 (ddd, 1H,= 8.6, 6.7 and 1.2 Hz), 7.55 (d, 1H 6.3 Hz), 8.13-8.19 (m,
2H); °C NMR (CDC}) 3 15.5 (CH), 120.2 (CH), 124.3 (CH), 124.9 (C), 125.3 (CH275 (CH),
129.1 (CH), 129.2 (CH), 131.0 (C), 138.7 (C), 14&%, 163.1 (C).

5.6.11. 10-Phenylbenzd|-1,5-naphthyridine (6m). The general procedure 6 (reaction time: 2 h)
using 2-(3-pyridylamino)benzophenofian, 0.27 g) gavéém (eluent: heptane-AcOEt 70:30) in 54%
yield (0.14 g) as a yellow powder: mp 121 °C; Régtane-AcOEt 80:20) 0.08; IR (ATR): 700, 751,
762, 788, 937, 1023, 1073, 1107, 1128, 1156, 12347, 1422, 1452, 1468, 1509, 1578, 1626, 1731,
2851, 2922, 3061, 3288 ém'H NMR (CDCk) & 7.50 (ddd, 1H,) = 8.8, 6.6 and 1.2 Hz), 7.52-7.64
(m, 5H), 7.67 (dd, 1H) = 8.8 and 3.8 Hz), 7.83 (ddd, 18i= 8.8, 6.6 and 1.4 Hz), 7.89 (ddd, 1H;
8.8, 1.4 and 0.7 Hz), 8.30 (dt, 18= 8.8 and 1.0 Hz), 8.57 (dd, 181= 8.8 and 1.8 Hz), 9.04 (dd, 1H,
J=3.8 and 1.7 Hz)**C NMR (CDC}) 5 124.6 (CH), 126.6 (CH), 127.4 (C), 127.5 (CH), B2@CH),
128.6 (CH), 129.8 (CH), 130.7 (CH), 131.1 (2CH)5B3(C), 137.5 (CH), 138.5 (C), 144.9 (C), 147.7
(C), 149.4 (C), 151.9 (CH). Anal. Calcd ford81:N, (256.31): C, 84.35; H, 4.72; N, 10.93. Found: C,
84.49; H, 4.70; N, 11.07.

5.6.12. 10-Methylbenzdj]-1,5-naphthyridine (4m). The general procedure 6 (reaction time: 30
min) using 2-(3-pyridylamino)acetophenofam, 0.21 g) gavelm (eluent: heptane-AcOEt 80:20; Rf
0.11) in 57% yield (0.11 g) as a yellow oil: IR (RY: 710, 752, 785, 819, 858, 951, 1046, 1144, 1247,
1374, 1423, 1452, 1476, 1514, 1556, 1623, 17335,28@61 crit; ‘H NMR (CDCk) & 3.33 (s, 3H),
7.63 (ddd, 1H,J) = 8.8, 6.6 and 1.3 Hz), 7.68 (dd, 1H+ 8.8 and 3.8 Hz), 7.83 (ddd, 1B~ 8.8, 6.6
and 1.4 Hz), 8.24 (dt, 1H,= 8.8 and 1.0 Hz), 8.32 (ddd, 1#= 8.8, 1.5 and 0.7 Hz), 8.51 (dd, 1Hs
8.8 and 1.7 Hz), 9.07 (dd, 18i= 3.8 and 1.7 Hz)-*C NMR (CDCE) & 12.6 (CH), 124.8 (CH), 125.3
(CH), 126.3 (CH), 127.9 (C), 130.3 (CH), 130.6 (CH}7.8 (CH), 139.5 (C), 144.3 (C), 145.1 (C),
148.8 (C), 150.6 (CH). Anal. Calcd for 110N, (194.24): C, 80.39; H, 5.19; N, 14.42. Found: C,

80.42; H, 5.47; N, 14.38.
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5.6.13. 8,14-Dimethyldibenzdij,j][1,7]phenanthroline (4n). The general procedure 6 (reaction
time: 1.5 h) usindN,N’-(1,3-phenylene)-2,2’-bis(2-aminoacetophenori®), 0.34 g) gaveln (washing
with water and, next, heptane) in 70% vyield (0.22g a beige powder: mp 180 °C; IR (ATR): 738,
753, 818, 855, 928, 1019, 1093, 1181, 1305, 1356111498, 1515, 1608, 1734, 2925, 3059'ctHi
NMR (CDCh) 8 3.10 (s, 3H), 3.90 (s, 3H), 7.64-7.72 (m, 1H),977788 (m, 1H), 7.92 (d, 1H,= 9.8
Hz), 8.24 (d, 1H,) = 9.8 Hz), 8.28 (br d, 3H, = 8.6 Hz), 8.37 (ddd, 1H},= 8.5, 1.4 and 0.6 Hz), 8.52
(ddd, 1H,J = 8.7, 1.4, 0.6 Hz). Thesel NMR data are as described previouSIy°C NMR (CDC}) &
14.0 (CH), 19.7 (CH), 124.0 (C), 124.0 (C), 124.2 (CH), 125.4 (CH)512(C), 126.1 (CH), 126.5
(CH), 127.3 (CH), 128.2 (C), 129.3 (CH), 129.7 (CH30.1 (CH), 130.1 (CH), 130.7 (CH), 140.3 (C),
145.8 (C), 147.7 (C), 147.8 (C), 150.2 (C), 15Th (

5.6.14. 7,14-Dimethylquino[2,3]acridine (40). The general procedure 6 (reaction time: 1 h) using
N,N'-(1,4-phenylene)-2,2’-bis(2-aminoacetophenon2), (0.34 g) gavedo (eluent: AcOELt) in 90%
yield (0.28 g) as a beige powder: mp 211 °C¥li211.5-213 °C) ; IR (ATR): 753, 830, 975, 1019,
1101, 1129, 1146, 1184, 1454, 1593, 1609, 17384,23@49 crit; ‘H NMR (CDCk) & 2.80 (s, 6H),
7.68 (ddd, 2H,) = 8.3, 6.8 and 1.3 Hz), 7.83 (ddd, 2H= 8.3, 6.8 and 1.4 Hz), 7.84 (s, 2H), 8.21 (dd,
2H, J = 8.5 and 0.8 Hz), 8.27 (dd, 28,= 8.5 and 0.7 Hz). Thes#! NMR data are as described
previously® **C NMR (CDCE) & 19.6 (2CH), 123.3 (2C), 124.6 (2CH), 126.6 (2C), 126.9 (2CH)
129.6 (2CH), 129.9 (2CH), 133.8 (2CH), 142.3 (2036.8 (2C), 150.6 (2C)Crystal data for 4o.
CaoHieN2, M = 308.37,T = 150 K, monoclinicP 2i/c, a = 12.4194(11)b = 13.3041(13)¢ = 9.3331(8)

A, p=92.897(4) °V = 1540.1(2) R Z = 4,d = 1.330 g ci, x = 0.078 mrit. A final refinement orF
with 3509 unique intensities and 219 parametervemged atoR(F%) = 0.1209 R(F) = 0.0480) for
2717 observed reflections with» 26(1). CCDC 1811749.

5.7. Antiproliferative activity

The antiproliferative activity was studied in th@8 (ATCC® CRL-11147) cell line. A2058 are
highly invasive human epithelial adherent melanamiés, derived from lymph nodes metastatic cells
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obtained from a 43 years male patient. They areotignic at 100% frequency in nude mice, and
considered as very resistant to anticancer drutjxel culture experiments were performed at 37 °C
Cells were grown to confluence in 75 cm? flaskODMEM supplemented with 10% fetal calf serum
(FCS) and 1% penicillin-streptomycin (Dominique Balter, France) in a 5% GGChumidified
atmosphere. Molecules were solubilized in DMSOG M and diluted in the cell culture medium to
obtain 2.1 M solutions. Confluent cells were trypsinized aedtrifuged in FCS at 15afor 5 min.
The supernatant containing trypsin was discardetitha cell pellet was suspended in cell culture
medium to obtain a 4.f@ell. mL™* suspension. At t0, 50 pL of the 2:1® molecules solutions were
deposited in a 96-wells flat bottom microplate, &dduL of the cell suspension were added. The 2000
cells were then grown for 72 h in the cell cultoredium containing I®M molecules. At t72, 20uL of
a 5g.L'* MTT solution were added in each well of the midabe, allowing living cells containing a
functional mitochondrial succinate deshydrogenasemetabolize MTT to the corresponding blue
formazan salt for 4 h. The cell culture medium wesoved using an Eppendorf epMotion 5070
pipeting robot (Eppendorf, France) and formazanstaety were dissolved in 200 pL DMSO.
Microplates were placed at 37 °C for 5 min to sdime formazan crystals and absorbance was read at
550 nm using a VERSAmax microplate reader (Molacd&vices, France). The percentage of growth
inhibition was calculated as Gl (%) = 100 - ((AS%® sample — A550 nm BG) / (A550 nm control —
A550 nm BG)) x 100 with:

- A550 nm sample: median absorbance of 8 wellsaioinig cells treated with 170M molecule

- A550 nm BG: median background absorbance of &veeintaining control cell culture medium +
1% DMSO

- A550 nm control: median absorbance of 8 wellstammg cells grown in control cell culture
medium + 1% DMSO.

Data are expressed as Gl (%) + sem (%) from 3 entdgnt assays.

5.8. Kinase activities
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The kinase activities were assayed using the ADPGbioluminescent kinase assay kit (Promega,
Madison, WI) according to the recommendations efranufacturer. Reactions were carried out in a
final volume of 5 pL for 30 min at 30 °C in ADP-Ghuffer (40 mM Tris pH 7.5, 20 mM Mgghnd
0.1 mg/mL of BSA). After that, 5 pL of ADP-GI Kinase Reagent was added to stop the kinase
reaction. After an incubation time of 50 min atmoeemperature, 10 puL of Kinase Detection Reagent
was added for 1 h at room temperature. The trateungignal was measured using the Envision
(PerkinElmer, Waltham, MA) microplate luminometardaexpressed in Relative Light Unit (RLU).
Assays were performed in the absence or present® M or 1 uM of tested compounds. Peptide
substrates were obtained from Proteogenix (Obebeagsn, France). The following kinases were
analyzed during this study: CDK2/CyclinA (cyclinfmendent kinase-2, human, kindly provided by Dr.
A. Echalier-Glazer, Leicester, UK); CDK5/p25 (humarecombinant, expressed in bacteria);
CDKO9/CyclinT (human, recombinant, expressed by lmdws in Sf9 insect cells); PIM1 (human
proto-oncogene, recombinant, expressed in bacteB8af>SK-3u/B (glycogen synthase kinase-3,
porcine brain, native, affinity purified); HaspimtKhuman, kinase domain, amino acids 470 to 798,
recombinant, expressed in bacteria); Aurora B (hymecombinant, expressed by baculovirus in Sf9
insect cells, SignalChem, product #A31-10@NCLK1 (from Mus musculusrecombinant, expressed
in bacteria);,LmCK1 (from Leishmania majarrecombinant, expressed in bacterlRjDYRK1A-kd
(Rattus norvegicysamino acids 1 to 499 including the kinase domagtombinant, expressed in
bacteria, DNA vector kindly provided by Dr. W. Bectk Aachen, Germanygs€K1é/e (casein kinase
13/e, porcine brain, native, affinity purified). To vddte the kinase assay, model inhibitors were used
for each tested enzyme: Barasertib (AZD1152-HQPB1¥47, purity 97.31%, Selleckchem) for
Aurora B; Staurosporine from Streptomyces sp. (235purity>95%, Sigma-Aldrich) for SscCKle
and LmCK1; Indirubin-3’-oxime (#10404, purity98%, Sigma-Aldrich) for SscGSKe#3, PIM1,

CDKs, RnDYRK1A and MmMCLK1; CHR-6494 (#SML0648, pyrk98%, Sigma-Aldrich) for Haspin.
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