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Divergent strategy in the synthesis of original dilidro
benzo- and dihydronaphtho-acridines.

Katlheen Solmont,Hamza Boufrourd,Amel Souibguf*” Pauline Fornarellf, Anne
Gauchef* Florence Mahuteau-Betz&éBéchir Ben Hassinkand Damien Prirft

A straightforward access to numerous novel substitu dihydrobenzo- and
dihydronaphthoacridines is described using a unimodecular platform in two key steps. A
large range of carbon-based substituents such awadic, vinyl, alkynyl fragments through
Pd-catalysed couplings has been installed. The cotde diversity is extended to the
introduction of aza-heterocycles and further auites the installation of alkylamino chains by
mean of Cu-promoted C-N bonds formation. Possibdeeas to quinolinium salts is also
described. The methodology revealed convenienwéatig the preparation of a wide panel of
molecules that display various rigidity/flexibilitgnd lipophilic/hydrophilic balances. Finally,
the influence of structural modulations on the photophysical properties of ¢éhewvel
architectures is also studied. It is noteworthyt thtstryl and alkynyl derivatives are emissive in

water (= up to 12%).

Introduction

Acridine motif appears in a large range of natymalducts with
biological activities and therefore attracts thiestific community
attention® Indeed, its derivatives show pharmalogical adésit
such as anti-malaridl;microbial?® -fungicidal? -inflammatory® -
cancef or acetylcholinesterase inhibitibractivities. As their
applications have been promising, their synthess well
documented except for their parent dihydrobenzo-d an
dihydronaphtho-acridines respectively substitutedtiee 1i" or
13" position. Indeed, to the best of our knowledgely diew
syntheses of those types of acridine derivativeseported.

Most routes to acridines and derivatives proceedutih the
preparation of a linear chain incorporating funeéib groups
which is then submitted to cyclizatidn.

Those steps require in general high temperaturé andcidic
medium® ° These conditions are not always compatible with
sensitive functional groups. Moreover, even if sowike the
pathways leading to the construction of the latbeadkbone of an
acridine bearing functional groups look very attirae; they don’t
give access to a wide range of acridines and stayetl and
unadaptable. Futhermore, catalytic hydrogenatiorsainstituted
acridine backbones which could be an easy way tageess to
partially hydrogenated ones, seems to be depend#me position
of the substituent and therefore lacks versatility.

The need of developing new strategies that alloth@tsame time
(i) the extension of the aromatic motif through iiddal benzo-
or naphtho-fused rings, (i) theintroduction of partially
hydrogenated cycles, (iii) the incorporation of éiddal nitrogen
atoms is crucial and still challenging.

This journal is © The Royal Society of Chemistry 2013

We have recently published our results describirgpreparation
and the influence of structural modulations on phphysical
properties of fused acridino-fluorenoffesind the regiodefined
construction of acridines, phenanthrolines and ohixagher
homologues? The latter reported a new methodology allowin,
the direct access to acridines containing partibfgrogenated
rings. We now wish to report a straightforward aygmh towards

a new series of dihydrobenzo- and dihydro naphttidiaes.

The access to various polycyclic substituted acesliis
envisioned through a two-step sequence involving th
common chloro-vinylcarboxaldehyde precursor andoiod
aniline to get the corresponding acridine-like faat. In the
second step variously substituted aromatics, ardeycles
and further alkylamino chains were selectively afistd by
mean of Pd- and Cu-promoted C-C and C-N bond
formations. Possible access to quinolinium saltsaliso
described. Photophysical properties of these nove!
architectures are also studied (figure 1).
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Figure 1. Divergent strategy in the synthesis of substituted
dihydroacridines.

Results and discussion

Our first consideration was the preparation of witgdro
acridines 2a and 2b that have to be considered as starting
molecular platforms. The latter were easily obtdiire two steps
involving (i) the preparation of chloro-vinylcarbalkehydesla,
1b'* B from the parent tetralone or phenanthrone respaytiv
under Vilsmeier-Haack conditiod®!* (i) the construction of the
condensed pyridine ring (scheme 1).

:r" } Ccl O
‘Cij)LH . ©[| conditions
-
Z NH,

1a, 1b

Scheme 1Synthesis of iodoacridinéza and2b.

Reaction of equimolar amounts @tho-iodoaniline and precursor
la at 90°C inisopropanol cleanly afforded the expected iodo
acridine2ain 30% vyield. The use of an excess of iodoanilifte d
increase conversions but concomitantly renderedfigation
tedious. Attempts to enhance the transformationouin
microwave activation were next studied. Resultsiobthat 90° C
under various conditions are gathered in table 1.
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Entry Reactant Conditions Acridine
(yield)
1 la 'PrOH, 90°C, 5h 2a (30 %)
2 la 'ProH, 90°C MW, 1.5h 2a (35 %)
3 la Neat, 90°C MW, 2h 2a (37 %)
4 1b Neat, 120°C MW, 2h 2b (36 %)

[a]: see MW profile in ESI
Table 1. Reaction conditions for the preparation of iodadiogs
2aand2b.

Although this reaction was faster under microwasadiation
(table 1, entries 2, 3, 4), decreasing the readtroas to 1.5h-2h,
we were not able to significantly improve yieldgaedless of the
conditions or the use of solvent. Similarly, iodadime 2b that
display an extended conjugated system could bateblin a fair
36% yield.

We then focused on the installation of various carbased
substituents at iodoacridine platforrda and2b. In this context,
we first explored the Suzuki-Miyaura coupling réat taking
advantage of the presence of the iodide atom. f@ragly, the

coupling reaction between acridine derivati2a and ortho-

tolylboronic acid using Pd(PBkCI,'® K,CO; as the catalytic
system and the base respectively afforded dihydidine 3a in

95% vyield (scheme 2).

B(OH),

Pd(PPhs)Cly (10 mol %),
K2COs (3 eq),

EtOH/Tol/H,0 80°C, 4h

PdClodppf (15 mol %),
Cs,CO3 (3 eq),
Toluene, 90°C, 15 h

3¢67%

Scheme 2Synthesis of arylacridine motiv8s and3c.

Careful analysis ofH NMR spectra showed the presence of two
distinct signals resonating at 2.17 and 2.09 ppe5/5 ratio that
account for two different methyl groupsin fact,3awas obtained
as a mixture of two conformers that arise fromsrieted rotation
around the neo formed aryl-aryl carbon bond. Théhaviour
might plausibly be attributed to the presence ef ititrogen lone
pair located in the crowded bay region of the platf In light of
these results, we also tried to introduce a beainghol group.
Thus, acridine  2a was reacted with 2-
(hydroxymethyl)phenylboronic acid cyclic monoestemploying
CsCO; and PdGldppf’ as the catalytic system in degassed
toluene. After heating the reaction medium overhigh90°C, the
formation of the expected benzyl alcohol derivatiwas not
detected. Instead, we isolated the correspondinigogaldehyde
3c (scheme 2)*H NMR spectrum oBc revealed the presence of a

This journal is © The Royal Society of Chemistry 2012
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singlet atd 9.71 ppm which undoubtedly accounts for an aldehyd
proton. Mass analysis confirmed the molecular stmacof3c.'®

In fact, we assumed that the expected benzyl aloahe firstly
formed rapidly evolve towards the carboxaldehydeoubh a
controlled oxidation due to the presence of pallad{ll) salts in
the medium. Under those conditions, compoBadvas isolated in

a 67 % yield.

We next extended our methodology to the preparaifovarious
dihydroacridine-based architectures starting frdatf@rm 2a and
2b. As shown in scheme 3, 1,3-bis(5,6-dihydrobedaajidin-11-
yl)benzene3d, could be obtained in a fair 42% vyield through bis
Suzuki-Miyaura coupling using CsF and Pd(PPlas catalytic
system in degassed dioxane (scheme 3).

o |
é/jL Pd(PPh,), (15 mol %)
o~ FafPPho, (15 mal

CsF, dioxane
100°C, overnight

Ty

8

Scheme 3Synthesis of 1,3-bis acridinylbenzese

Application of our strategy to theaphthoacridinb was further
examined (scheme 4). In this case, the enhanceeitrg within
the bay region caused by the presence of both ittegen lone
pair and the additional condensed benzene ring trmagider the
installation of aryl substituents synthetically mochallenging.
Gratifyingly, 3b was obtained in a 72 % yield showing that it is
possible to extend the-conjugation at both sides of the central
dihydroacridine core.

Pd(PPh3),Clx(10 mol %),
K2CO3 (3 €q),

e
B(OH), EtOH/Tol/H,0 80°C, 4h

Scheme 4Arylation in the naphthylacridine series: acces3h

The presence of an additional cycle impacted tleenital shift of
H(1) proton from 8.15 ppm foBa to 9.63 ppm for3b as
previously observed in related serlsThis observation was
undoubtedly correlated with a move towards helithiee
dimensional shape of such molecular architectures.

The scope of our methodology was then to furthégreded to the
installation of sp and sp-C based substituents. Therefore,
acridines2a and 2b were submitted to Heck coupling reaction
conditions by using ¥CO;, nBu,;NBr, Pd(OAc) and PPhas the
catalytic system.

Again, both starting reactants behave similarlypmfing styrene
derivatives4a and4b in almost equal efficiencies (scheme 5).

This journal is © The Royal Society of Chemistry 2012
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1) Pd(OAC); (5 mol %), PPhs (5 mol %)
K,COs (2.5 eq.), "BuyNBr (1 éq),

H,O/DMF, 80°C,overnight 4a
2) Hydrolysis

Scheme 5Heck coupling reaction conditions.

We next submitted acridinea and 2b to Sonogashira-type
coupling reaction involving phenylacetylene and FRIt).Cl, as
the catalytic system (scheme 6, table 2). Copper finethodology
developed by Leadbeatet al'® was tested first. Under such
conditions at 70°C for 1hHa was obtained in 52% yield from
starting2a. This yield was switched to 75% using more cladsic
Cu/Pd combination, triethylamine, and DMF as the'ei?°

PdCly(PPhs), (5 % mol), PPhs
(2.5 % mol), Base, solvent, Cul
Temperature, time

2aor2b

75 % 2%

Scheme 6Synthesis of styrylacridinésa and5b.

Entry Conditions Cul (eq.) Temp. Product (Yield)
Time
1 Piperidine - 70°C, 1h 5a (52 %)
2  EtN,DMF  0.25 rt, 18h 5a (75 %)
3  EtN,DMF  0.25 rt, 18h 5b (42 %)
Table 2. Reaction conditions for the preparation o

alkynylacridinessa and5b.

Installation of phenylethynyl fragment at positid8 of the
dihydronaphthoacridine core was successfully agdewnder the
aforementioned catalytic conditions leading to@ioe5b in 42 %
yield starting from precurs@hb.

Finally, we envisioned to enhance the structurakidity by (i)

introducing additional nitrogen atoms (i) modifgin the
aromatic/aliphatic balance of our targets (iii)ity to alkylate
nitrogen atom of azaheterocycles in order to paytmodulate
the hydrophilic/lipophylic balance of our molecules

Taking into account those criteria, we tried fiest amination
reaction using a Cul catalyzed coupling reactiommmied byL-

Proline (scheme 7) under the catalytic conditiorsently
described bya et al.*

J. Name., 2012, 00, 1-3 | 3
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I H |

H
| N _~_N _N N
‘ N~ _NH, ‘ o ‘
N~ N7
Cul (10 mol %), L-Proline (20 mol %), \ O |
S or X
K2COj3 (2 eq) O‘ O‘
DMSO, 90°C, 14h

6a 14% 6b traces

Scheme 7 Syntheses of acridinyl propanediamigesand6b.

The coupling reaction between iodoacridirzs or 2b and 3-
dimethylaminopropylamine in the presence lofProline and

K,CO; occurred in DMSO at 90°C. Although, reactions were

carefully carried out under argon atmosphere, awi6a could
only be obtained in a modest 14 % yield. Unfortehatusing

Page 4 of 10

7b 73% 7c 79%

Scheme 9Synthesis of quinolylacridinegb and7c.

Finally, with the aim of raising the hydrophilicitf the acridine-
derivatives, we also envisioned the preparation tbe
corresponding ammonium salts. The methylation efghinoline
ring-nitrogen was performed with a large excesgodbmethane
in DMF at 90°C (scheme 10).

iodoacridine2b under the same conditions conduced to traces of Surprisingly, this methylation proceeded selectivénly one of

6b.

We then examined the introduction of aza heter@sysluch as
pyridine and quinoline (schemes 8 and 9). Coupliegctions
involving pyridine boronic acids may suffer from veee
drawbacks depending on the substitution pattercledd, 2-
pyridyl derivatives undergo prevalent protodebdigia,
dimerization and relative low transmetallation stemuring
Suzuki-Miyaura coupling sequenteThus in order to avoid the
formation of such side-products, installation ghy@idylmotif was
envisioned through Stille-type coupling and 3-pytidnotif
through Suzuki-Miyaura reaction as shown below.

Thus iodoacridin2a was coupled to 2-tributylstannyl-pyriditie
and pyridin-3-ylboronic acié using Cul, PdPPI, and MW
activation as well as CsF, Pd(OAcand SPhos as catalytic
systems respectively. Both coupling reactions prdegesmoothly
affording acridine§aand7d in 42 and 51% yields respectively.

A PdCl,(PPhs), (5 mol %)
P> - -
N SnB!
"EU3 Cul (10 mol %), MW
1,4-dioxane, 180°C
15 min.

20 mol % SPhos
B(OH), 1'4-dioxane
100°C, overnight

7a51%

Scheme 8Syntheses of pyridinylacridin€a and7d.

Quinolin-3-ylboronic acid and quinolin-8-ylboronazid could be
efficiently coupled to the dihydroacridine platfofa. Indeed, we
were able to isolate extended dihydroacridiibsand 7c in high
yields ranging from 73 to 79% (scheme 9).

4| J. Name., 2012, 00, 1-3

the two nitrogen atoms ofb was methylated as evidenced by
HRMS analysis.

CHal, DMF

90°C overnight

9
50 %

Scheme 10Regioselective methylation.

A careful examination of the NMR spectra and congmariwith
quinoline 7b, allowed us to accomplish complete assignment ¢/
the signals and determine on which nitrogen atormthytation
occurred (figure 2).

: e

]
-
]
fie.d
oledef
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o
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eTEE T T T

65 M0 &5 N &S AMN 25 T0 A% RO 55 S0 aR

Figure 2. Comparison offH NMR spectra of acridingb and
acridinium9.

This journal is © The Royal Society of Chemistry 2012
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Comparison ofb and9 *H NMR spectra revealed the presence of
a singlet ab= 5 ppm, integrating for three protons that accdant
the methylquinolinium salt. A further evidence fbe obtention of

a monomethylated product arose from the analysikeofiromatic
region. Indeed, only chemical shifts of the quinelprotons were
impacted by this methylation.

Photophysical properties

The absorption and emission properties of compodrdsvere
studied by recording the UV-Vis and fluorescencecs@ in
dichloromethane at 25°C (table 3). These compouwiusved
maximum absorption wavelengths in the UV or visibégion
(349-394 nm).

)\max nm )\max 6Stokes
Entry Analogs ém Do
(eMiem®  (nm) nm
.
Z NS
) 349
1 i\ NL\H (25350) 437 88 0.43
LT
4
Q. 368
2 “’ N/ 443 75 036
O (19100)
354
3 (24750) 401 47 0.36
376
4 (9950) 417 41 0.09
394
5 502 108 <0.001
(5500)
350
7 (16450) 405 55 0.013
348
8 402 54 0.008
(13550)

Table 3. Photophysical properties of compourids7cin DCM at
25°C.

This journal is © The Royal Society of Chemistry 2012
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They are not strong absorbers and exhibit modektrregtinction
coefficients ranging from 5500 to 25350'Mm’. Compounds
bearing an extra fused ring display a red-shifhhkiatabsorption
and emission compared to their analag&ntries 1 versus 2, 3
versus 4, 5 versus 6). This is due to the extensibrthe
conjugation by the benzene ring (table 3).Theyeatfiit around
400 nm except compoungh which displays a red-shift in both
absorption and emission. Interestingly, compouda displays
large Stokes shift (108 nm). The method used terdene the
fluorescence quantum yields is not sensitive endagtetermine
the low quantum vyield of6a. Nonetheless, the conjugated
compoundg! and5 exhibit high fluorescence quantum yields (9 to
43%).

The dihydronaphtho-acridineth and 5b display lower quantum
yield than their corresponding dihydrobenzo-acedida and5a
(43% for4avs 36% fordb and 36% for5a compared to 9% for
5b). The increase of steric congestion within the begion and
the helical shape of thartho-condensed pattern #b and5b by
comparison withda and5a might explain the observed quantum
yield trend.

A fluorosolvatochromic study has been carried autompounds
4 and5 (table 4). A bathochromic shift of the emissiomtbaan
be observed with increasing solvent polarity. Sueh
fluorosolvatochromic behaviour evidences a strontgraction
charge transfer in the lowest excited statenterestingly, these
compounds are emissive in water with moderate t@dgo
fluorescence quantum vyields (0.5% to 12%). As olezkfor the
fluorescence quantum yield in dichloromethane, thegest
aromatic compoundd4b and5b exhibit lower quantum yield in
water than their analogk and5a.

Toluene CH.Cl, EtOH H,0O

EN=0.10 EM=031 EM=0.65 Engl

4a Aem 432 436 457 468
(oS nd 0.43 nd 0.12

4b  Aem 438 445 454 503
®F nd 0.36 nd 0.016

5a  Aem 404 401 415 424
®F nd 0.36 nd 0.018

50 Aem 415 423 454 467
®F nd 0.09 nd 0.005

Table 4. Photophysical properties of compourds5bin various
solvents at 25°C.

J. Name., 2012, 00, 1-3 | 5
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Conclusions

In summary, numerous novel substituted dihydrobenaod
dihydronaphthoacridines have been synthesized feomnique
acridine-based backbone. This versatile methododdigyved the
access of a large panel of molecules presentinditsifflexibility
and lipophilic/hydrophilic balances properties. Riphysical
studies highlighted that conjugated compouddand 5 exhibit
high fluorescence quantum vyield. In these series, a
fluorosolvatochromic study revealed a batochrontfitt of the
emission band with increasing solvent polarity thlabuld be in
accordance with a strong charge transfer intenadticdhe lowest
excited stated. Finally, those molecules are afsissgve in water
with moderate to good fluorescence quantum yiepdoul 2 %.
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Experimental Section

General considerations: Reactions were carried out in round-
bottomed flasks equipped with a magnetic stirriag &nd capped
with a septum. Solvents were used without furtherifigation.
TLC analyses were performed on Merck Silica gel @64TLC
plates (0.5 mm tickness). The crude products wendigd by
column chromatography using Merck Kieselgel 60cailgel.*H

and **C were recorded with Bruker Advance-300 spectrometers
and referenced to CD£Ir CD,Cl,. High-resolution mass spectra
were measured with a Perkin-Elmer Finnigan MAT 95 S
spectrometer.Microwave irradiations were realized using an

Anton Paar Monowave 300 apparatu@uantitative UVevisible
spectra were recorded with a Cary 300 spectronietigorescence
spectra were recorded wusing Cary Eclipse
Measurements were performed at room temperatuheseititions
of OD < 0.1 to avoid re-absorption of the emitteght, and data
were corrected with a blank and from the variatiohthe detector
with the emitted wavelength. Fluorescence quantigid ywere
measured according to Williams comparative methaingu
quinine bisulfate in 1 M 80O, (FF = 0.54) as reference.

11-lodo-5, 6-dihydrobenzog]acridine 2a:

A mixture of 1-chloro-3,4-dihydronaphthalene-2-adehydela

(192 mg, 1 mmol) and 2-iodoaniline (240.9 mg, 1l.tnoh 1.1

eq.) were placed in a sealed vessel and exposedictowave

irradiation conditions (90 °C, 2 hours). The reattiixture was
then poured in a flask and the vessel washed w&WI3 x 10

mL). The crude product was concentrated under emtipcessure
and purified by flash chromatography on silica ¢f¢P/DCM :

6/4) to give2a (133 mg, 37 %) as a brown solid.

6 | J. Name., 2012, 00, 1-3
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Mp: 119.3 °C

'H NMR (300 MHz, CDCJ): 6 = 8.73 (dJ = 9 Hz, 1H), 8.27 (dJ

= 6 Hz, 1H), 7.80 (s, 1H), 7.73 (d,= 9 Hz, 1H), 7.47-7.27 (m,
2H), 7.28 (dJ = 6 Hz, 1H), 7.22-7.17 (m, 2H), 3.18-3.14 (m, 2H),
3.05-3.00 (m, 2H) ppm.

BC NMR (75 MHz, CDC)): § = 154.3, 145.9, 139.5, 139.1,
134.4, 134.1, 131.5, 130.2, 130.1, 128.2, 128.07.9,2127.5,
127.2,126.8, 103.9, 28.3, 28.2 ppm.

HRMS (ESI): calcd for @H.3IN [M+H]* : 358.0093 found:
358.0097.

13-lodo7,8-dihydronaphtho([2,1¢]acridine 2b:

Using the same procedure as for iodoacridiaestarting from 4-
chloro-1,2-dihydrophenanthrene-3-carbaldehyd€100 mg, 0.41
mmol) and 2-iodoaniline (98.8 mg, 0.45 mmol, 1.1 &gand

exposed to microwave irradiation conditions (120 2Chours).
The crude product was concentrated under reducesbyre and
purified by flash chromatography on silica gel (BEM: 8/2) to

give 2b (59.4 mg, 36 %) as a reddish solid.

Mp: 174.5 °C

H NMR (300 MHz, CDCJ): 6 = 10.38 (dJ = 9 Hz, 1H), 8.36 (d,
J=6 Hz, 1H), 7.97-7.95 (m, 2H), 7.92 (s, 1H), 7BI6 (M, 2H),
7.63-7.58 (m, 1H), 7.44 (d] = 9 Hz, 1H), 7.22-7.17 (m, 2H),
3.18-3.14 (m, 2H), 3.05-3.00 (m, 2H) ppm.

3C NMR (75 MHz, CDC)): 5 = 155.9, 146.2, 140.6, 139.1,
134.0, 133.9, 133.7, 131.1, 131.0, 129.3, 128.8.312127.6,
127.5, 127.4, 126.4, 125.5, 103.7, 30.2, 28.9 ppm.

HRMS (ESI
408.0244.

: caled for @HyIN [M+H]* : 408.0249 found:

Suzuki coupling:
11-(0-Tolyl)-5,6-dihydrobenzolc]acridine 3a:

To a stirred suspension of acridi@a (50 mg, 0.14 mmol), 2-
methylphenylboronic acid (38 mg, 0.28 mmol, 2 e, CO; (58

mg, 0.42 mmol, 3 eq. ), in degassed EtOH/tolues@/H0.028

mL/0.140 mL/0.028 mL was added Pd(RpR@Gl, (10 mg, 0.014
mmol, 0.1 equiv). The reaction mixture was stire¢@0 °C for 4
hours and then concentrated under reduced presBoeecrude
product was purified by flash chromatography oricailgel

(EP/DCM: 8/2) to give3a (49.2 mg, 95 %) as a brown oil.

"H NMR (300 MHz, CDCJ): § = 8.17-8.14 (m, 1H), 7.97 (s, 1H),
7.79 (m, 1H), 7.60-7.52 (m, 2H), 7.41-7.30 (m, 6HR8-7.22 (m,
1H), 3.16-3.14 (m, 2H), 3.04-2.99 (m, 2H), 2.173(4) ppm.

3C NMR (75 MHz, CDCJ): 8 = 152.6, 145.4, 141.4, 140.3,
139.1, 137.3, 135.0, 133.8, 130.6, 130.1, 129.8.4,2129.3
127.8, 127.7, 127.2, 127.1, 126.5, 126.0, 125.3,1128.6, 28.3,
20.8 ppm.

HRMS (ESI): calcd for @HN [M+H]*: 322.1596 found:
322.1596.

This journal is © The Royal Society of Chemistry 2012
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13-(2-methoxyphenyl)-7,8-dihydronaphtho[2,1e]acridine 3b:

Using the same procedure as Tostarting from acridine 2 (35
mg, 0.086 mmol), 2-methoxyphenylboronic acid (26mg, 0.17
mmol, 2 equiv), KCO; (35.6 mg, 0.26 mmol, 3 eq.), PdEPh),
(6 mg, 0.009 mmol, 0.1 equiv) in degassed EtOH&0&HO :
0.017 mL/0.086 mL/0.017 mL. The crude product wasfied by
flash chromatography on silica gel (EP/DCM: 7/3)gtee 7 (24
mg, 72 %) as a yellow solid.

Mp: 147°C

'H NMR (300 MHz, CDC)): § = 9.63 (d,J= 9 Hz, 1H), 8.03 (s,
1H), 7.83-7.76 (m, 3H), 7.66 (ddz 9 and 6 Hz, 1H), 7.61-7.56
(m, 1H), 7.51-7.41 (m, 2H), 7.40-7.34 (m, 2H), 7230 (m, 1H),
7.15-7.10 (m, 2H), 3.68 (s, 3H), 3.10 (s, 4H) ppm.

BC NMR (75 MHz, CDC)): § = 157.5, 154.4, 145.8, 140.2,
138.7, 133.8, 133.2, 132.5, 131.8, 131.3, 130.%.213129.6,
128.6, 128.2, 127.9, 126.9, 126.8, 126.5, 126.4.92125.0,
120.3, 110.8, 55.6, 30.5, 29.3 ppm.

HRMS (ESI): calcd for GH,,NO [M+H]" : 388.1701 found:
388.1701.

2-(5,6-Dihydrobenzo[c]acridin-11-yl)benzaldehyde 3c

To a stirred suspension of acridi@a (50 mg, 0.14 mmol), 2-
(hydroxymethyl)phenylboronic acid cyclic monoeste8.7 mg, 1

eg. ), CsCO; (136.84 mg, 0.42 mmol, 3 eq.), in degassed toluene

(1 mL) was added PddppfC{15.4 mg, 0.021 mmol, 0.15 eq.).
The reaction mixture was stirred at 90 °C for 2 kodrhen, 2-
(hydroxymethyl)phenylboronic acid cyclic monoedi@#4 mg, 0.5
eq. ) was added. The reaction mixture was stirreddGEC
overnight and then concentrated under reduced yesShe
crude product was purified by flash chromatographysilica gel
(EP/DCM: 8/2) to give3c (31.6 mg, 67.4 %) as a brown solid.

Mp: 120°C

'H NMR (300 MHz, CDCJ): 5 = 9.71 (s, 1H), 8.19 (di= 6 Hz,
1H), 8.03-8.00 (m, 1H), 7.98 (s, 1H), 7.86 J&,6 Hz, 1H), 7.75-
7.70 (m, 2H), 7.63-7.58 (M, 2H), 7.55 (& 6 Hz, 1H), 7.30-7.28
(m, 2H), 7.22-7.20 (m,1H), 3.01-2.96 (s, 4H) ppm.

3¢ NMR (75 MHz, CDCJ): § = 153.7, 145.5, 142.8, 139.3,
137.1, 135.4, 134.4, 133.9, 133.3, 131.9, 131.0.4,3129.9,
127.9, 127.8, 127.7, 127.6, 127.4, 126.3, 126.8,8128.6, 28.3

ppm.

HRMS (ESI): calcd for @H;gN [M+H]*: 336.1388 found:
336.1394.

1,3-bis(5,6-dihydrobenzo]acridin-11-yl)benzene 3d:

To a stirred suspension of acridida (100 mg, 0.28 mmol, 2 eq.),
boronic acid (42 mg, 0.14 mmol.), CsF (127 mg, On&4ol, 6
eq.), in degassed 1,4-dioxane (2 mL), was adde@Mg(, (24
mg, 0.021 mmol, 0.15 eq.). The reaction mixture wtsed at
100 °C overnight and then concentrated under redpcessure.
The crude product was purified by flash chromatphyaon silica
gel (EP/DCM: 8/2) to giv&d (31.6 mg, 42 %) as a brown oil.

This journal is © The Royal Society of Chemistry 2012
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'H NMR (300 MHz, CDCJ): 5 = 8.46-8.43 (m, 2H), 8.28 (m, 1H),
8.00 (d,J= 6 Hz, 2H), 7.94 (s, 2H), 7.90 (d= 6 Hz, 2H), 7.74-
7.70 (m, 3H), 7.54-7.49 (m, 2H), 7.32-7.20 (m, 68{),3-3.11 (m,
4H), 3.02-3.00 (m, 4H) ppm.

BC NMR (75 MHz, CDC)): § = 152.6, 145.0, 140.7, 139.2,
138.9, 135.1, 133.9, 133.5, 130.2, 130.1, 129.8.412128.3,
127.8,127.1, 126.6, 126.5, 126.4, 125.9, 28.61 ppm.

HRMS (ESI): caled for GH,N, [M+H]™: 537.2339 found:
537.2331.

11-(pyridin-3-yl)-5,6-dihydrobenzo|c]acridine 7a:

To a stirred suspension of acridirga (50 mg, 0.14 mmol),
pyridin-3-ylboronic acid (34.4 mg, 0.28 mmol, 2 §¢.CsF (85
mg, 0.56 mmol, 4 eq. ), in degassed 1,4-dioxanen(], was

added SPhos (11.5 mg, 0.028 mmol, 0.2 eq.) and RJ§d3.1

mg, 0.014 mmol, 0.1 eq.). The reaction mixture wtged at
80°C overnight and then concentrated under reducespre. The
crude product was purified by flash chromatographysilica gel
(EtOAC) to give7a(22.2 mg, 95 %) as a yellow solid.

Mp: 172 °C.
'H NMR (300 MHz, CDCJ): § = 9.11 (s, 1H), 8.69 (m, 1H), 8.35-
8.32 (m, 1H), 8.24 (dl= 9 Hz, 1H), 8.00 (s, 1H), 7.82 (@ 9 Hz,
1H), 7.73 (dJ=6 Hz, 1H), 7.60-7.55 (m, 1H), 7.52-7.48 (m, 1H),
7.37-7.32 (m, 2H), 7.25 (d= 6 Hz, 1H), 3.19-3.15 (m, 2H), 3.05-
3.01 (m, 2H) ppm.

BC NMR (75 MHz, CDC)): & = 153.2, 151.1, 147.8, 144.6,
139.3, 138.7, 136.7, 135.4, 134.7, 134.0, 130.8.8,2129.4,
128.3,127.9, 127.6, 127.4, 126.2, 125.9, 122.7%,28.3 ppm.

HRMS (ESI): calcd for GHsN, [M+H]": 309.1392found:
309.1392.

11-(quinolin-3-yl)-5,6-dihydrobenzof]acridine 7b:

Using the same procedure as Tar starting from acridin®a (50
mg, 0.14 mmol), quinolin-3-ylboronic acid (48.4 n@§j28 mmol,
2 eg. ), CsF (85 mg, 0.56 mmol, 4 eq.), SPhos (frig50.028
mmol, 0.2 equiv) and PdOAG3.1 mg, 0.014 mmol, 0.1 eq.) in
degassed 1,4-dioxane. The crude product was mrfie flash
chromatography on silica gel (PE/EtOAc: 2/8) toegib (36.4
mg, 73 %) as a brown oil.

'H NMR (300 MHz, CDCY): § = 9.52 (d,J=1.9 Hz, 1H), 8.59 (d,
J=1.9 Hz, 1H), 8.37-8.34 (m, 1H), 8.23 (5.5 Hz, 1H), 8.01 (s,
1H), 7.95 (d,J=5.5 Hz, 1H), 7.87-8.85 (m, 2H), 7.83-7.79 (m,
1H), 7.63-7.61 (m, 2H), 7.34-7.31 (m, 2H), 7.2767@n, 1H),
3.18-3.15 (m, 2H), 3.00-3.02 (m, 2H) ppm.

3C NMR (75 MHz, CDCJ): § = 153.4, 153.1, 146.7, 144.8,
139.2, 137.1, 136.8, 134.6, 134.0, 133.0, 130.9.8,2129.3,
129.0, 128.3, 128.1, 128.0, 127.9, 127.7, 127.%.612126.3,
126.0, 28.6, 28.3 ppm.

HRMS (ESI): calcd for GHigN, [M+H]* : 359.1548 found:
359.1551.
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11-(quinolin-8-yl)-5,6-dihydrobenzof]acridine 7c:

Using the same procedure as Tdr starting from acridina (50
mg, 0.14 mmol), quinolin-8-ylboronic acid (48.4 n@§j28 mmol,
2 eq. ), CsF (85 mg, 0.56 mmol, 4 eq. ), SPhos (trig50.028
mmol, 0.2 equiv) and PdOA¢3.1 mg, 0.014 mmol, 0.1 equiv) in
degassed 1,4-dioxane (1 mL). The reaction mixtuae stirred at
80 °C overnight and then concentrated under redpcessure.
The crude product was purified by flash chromatphyaon silica
gel (EtOAC) to giverc(39.6 mg, 79 %) as a brown oil.

'H NMR (300 MHz, CDC)): & = 8.82 (dd,J=1.8, 4.2 Hz,1H),
8.28 (dd,J=1.8, 8.3 Hz, 1H), 7.98 (s, 1H), 7.97-7.94 (m, 2H),
7.88-7.84 (m, 2H), 7.74-7.69 (m, 1H), 7.66-7.59 @hi), 7.40
(dd, J=4.2, 8.3 Hz, 1H), 7.2-7.16 (m, 2H), 7.09-7.05 (bhj),
3.13-3.10 (m, 2H), 2.98-2.94 (m, 2H) ppm.

3C NMR (75 MHz, CDCJ): § = 152.3, 149.7, 147.3, 146.0,
139.3, 139.1, 138.9, 136.2, 135.1, 133.7, 132.2).7,3130.1,
129.1, 128.3, 128.0, 127.6, 127.5, 127.0, 126.%.912125.8,
125.6, 120.5, 28.56, 28.33 ppm.

HRMS (ESI): calcd for GHigN, [M+H]* : 359.1548 found:
359.1548.

General procedure for Heck coupling

To a suspension of iodo acridi@a or 2b (1 equiv) and styrene (1
eg. ) in degassed DMF (0.7 mL/mmol), were succe$siadded
K,CO; (2.5 eq. ),"Bu,NBr (1 eq. ), PPh(0.05 eq. ), Pd(OAg)
(0.05 eq. ) and D (0.7 mL/mmol). The reaction mixture was
then degassed another time and heated overnighér\Was then
added and the aqueous layer was extracted. Theicednbrganic
layers were dried (MgSfp filtered and concentrated under
vacuum. The crude product was purified by flastoofatography
on silica gel.

(E)-11-styryl-5,6-dihydrobenzok]acridine 4a:

The reaction mixture was stirred overnight at 80 %dter
hydrolysis, the aqueous layer was extracted witBAgt (3 x 10
mL). The crude product was purified by flash chrasgeaphy on
silica gel (EP/DCM : 6/4) to givda (31.7 mg, 68 %) as a yellow
oil.

H NMR (300 MHz, CDCJ): § = 8.72-8.66 (m, 2H), 8.02 (d=6
Hz, 1H), 7.94 (s, 1H), 7.76-7.69 (m, 3H), 7.53-7(28 8H), 3.18-
3.15 (m, 2H), 3.08-3.06 (m, 2H) ppm.

3C NMR (75 MHz, CDCJ): § = 152.3, 145.0, 139.4, 138.2,
135.7, 135.0, 134, 130.5, 130.1, 129.7, 128.7,21228.0, 127.5,
127.4,126.9, 126.5, 126.2, 126.0, 125.2, 124.7, 28.4 ppm.

HRMS (ESI): calcd for @HN [M+H]*: 334.1596 found:
334.1596.

(E)-13-styryl-7,8-dihydronaphtho[2,1-c]acridine 4b:

The reaction mixture was stirred overnight at 105 After
hydrolysis, the aqueous layer was extracted with D@MWk 20
mL). The crude product was purified by flash chrtygaaphy on
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silica gel (EP/DCM: 7/3) to givédb (46.7 mg, 51 %) as a yellow
solid.

Mp: 75 °C.

IH NMR (300 MHz, CDCJ): & = 10.04 (dJ=9 Hz, 1H), 8.80 (d,
J=15 Hz, 1H), 8.08 (dJ=9 Hz, 1H), 8.00 (s, 1H), 7.95-7.88 (m,
2H), 7.73-7.70 (m, 3H), 7.66-7.63 (m, 1H), 7.6027 Gn, 2H),
7.46-7.39 (m, 4H), 7.33-7.31 (m, 1H), 3.13 (s, Hiin.

13C NMR (75 MHz, CDCJ): § = 153.7, 144.5, 140.3, 138.0,
135.7, 134.0, 133.2, 131.2, 130.5, 130.0, 129.6.6,2128.4,
128.0, 127.5, 127.2, 127.0, 126.8, 126.5, 126.%.212125.4,
125.1, 123.9, 30.3, 27.0 ppm.

HRMS (ESI): caled for @HxN [M+H]*: 384.1752 found:
384.1752.

Sonogashira coupling
11-(phenylethynyl)-5,6-dihydrobenzo[c]acridine 5a:

To a stirred suspension of acridirda (50 mg, 0.14 mmol),
phenylacetylene (2@L, 0.182 mmol, 1.3 eq. ), Cul (0.7 mg,
0.0035 mmol, 0.025 eq. ), & (28 uL, 0.21 mmol, 1.5 eq. ), PRh
(12 mg, 0.0035 mmol, 0.025 eq. ) in degassed DMB5(BnL) was
added Pd(PRJCI, (4.9 mg, 0.007 mmol, 0.05 eq. ). The reaction
mixture was stirred at room temperature overnightl ahen
concentrated under reduced pressure. The crudeugiraglas
purified by flash chromatography on silica gel (BEM: 7/3) to
give5a (35 mg, 75.5 %) as a yellow solid.

Mp: 80°C.

'H NMR (300 MHz, CDC)): 6 = 8.77 (dJ= 6 Hz, 1H), 7.95-7.93
(m, 2H), 7.77-7.73 (m, 3H), 7.49-7.40 (m, 6H), B. @n, 1H),
3.19-3.15 (m, 2H), 3.06-3.02 (m, 2H) ppm.

BC NMR (75 MHz, CDC)): & = 153.7, 147.3, 139.4, 134.7,
134.1, 132.8, 131.8, 131.1, 95.3, 87.8, 28.7, pPrA.

HRMS (ESI): caled for GHigN [M+H]™: 332.1439 found:
332.1430.

13-(Phenylethynyl)-7,8-dihydronaphtho[2,1€]acridine 5b:

Using the same procedure as & starting from acridin@b (50

mg, 0.12 mmol), phenylacetylene (LZ, 0.156 mmol, 1.3 eq.),
Cul (0.57 mg, 0.003 mmol, 0.025 eq. );NE(25.1pL, 0.18 mmol,

1.5 eq. ), PPh(0.8 mg, 0.003 mmol, 0.025 eq. ) in degassed DMF
(0.300 mL) was added Pd(PICl, (4.2 mg, 0.006 mmol, 0.05
eq.). The reaction mixture was stirred at room terapre
overnight and then concentrated under reduced ymesShe
crude product was purified by flash chromatographysilica gel
(EP/DCM: 8/2) to givésb (19.3 mg, 42 %) as a brown solid.

Mp: 200°C.

This journal is © The Royal Society of Chemistry 2012
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'H NMR (300 MHz, CDCJ): 5 = 10.35 (d J= 9 Hz, 1H), 8.03 (s,
1H), 7.98 (d,J= 6 Hz, 1H), 7.91-7.87 (m, 2H), 7.77 (@ 6 Hz,
1H), 7.67-7.63 (m, 2H), 7.53 (dz 6 Hz, 1H), 7.49-7.47(m, 1H),
7.45-7.41 (m, 2H), 7.38-7.36 (m, 3H), 3.12 (m, 4ig)n.

BC NMR (75 MHz, CDC)): & = 155.3, 147.1, 140.5, 134.0,
133.5, 133.3, 132.7(2), 132.1, 131.4, 130.9, 12988.3,
128.2(2), 128.1, 128.0, 127.7, 127.1, 126.9, 12625,8, 125.2,
123.7,123.2, 95.0, 88.1, 30.3, 29.1 ppm.

HRMS (ESI): caled for gH,N [M+H]™: 382.1596 found:
382.1596.

General procedure for Cul catalyzed coupling reactin:

To a solution of acridine (1 eq.), 3-dimethylamingpylamine
(1.5 eq. ), Cul (0.1 eq. ), in degassed DMSO (5mmhsl), was
added,L-proline (2 eq.) and }CO; (2 eq.). The reaction mixture
was stirred overnight at 90 °C. EtOAc (20 mL) wasntradded
and the organic layer was washed with water (3 mLj. The
organic layer was dried (MgS} filtered and concentrated under
vacuum. The crude product was purified by flastoofatography
on silica gel (EtOH/DCM: 0/100, then 10/90).

N-(5,6-dihydrobenzo[c]acridin-11-y)N3 N*-dimethylpropane-
1,3-diamine 6a:

Obtained as a brown oil (9 mg, 14% yield).

'H NMR (300 MHz, CQCl,): 6 = 8.46 (d,J = 7.4 Hz, 1H), 7.75
(s, 1H), 7.37 — 7.15 (m, 4H), 6.88 (M= 8.1 Hz, 1H), 6.53 (d] =
7.6 Hz, 1H), 3.34 (tJ = 6.5 Hz, 2H), 3.02 (dd] = 8.9, 5.2 Hz,
2H), 2.92 (ddJ = 8.5, 5.5 Hz, 2H), 2.50 (s, 2H), 2.27 (s, 6Hp11.
(p,J = 6.5, 5.9 Hz, 2H) ppm.

BC NMR (75 MHz, CDQCly): & = 150.3, 145.7, 139.8, 137.6,
135.4, 134.3, 131.2, 129.1, 128.8, 128.5, 128.0.412126.0,
113.3, 104.3, 58.3, 54.7, 54.6, 54.4, 54.2, 5439,553.6, 53.3,
455,42.5,30.2,29.1, 28.9, 26.9 ppm.

HRMS (ESI): calcd for GH,gNs [M+H]* : 332.2127 found:
332.2131.

N*-(7,8-dihydronaphtho[2,1,c]acridin-13-yl)N3 N3-
dimethylpropane-1,3-diamine 6b:

'H NMR (300 MHz, CDCJ): & = 9.71 (dJ = 8.2 Hz, 1H), 7.92 (s,
1H), 7.88 (dJ = 8.2 Hz, 1H), 7.84 (d] = 8.3 Hz, 1H), 7.64 — 7.54
(m, 1H), 7.53 — 7.45 (m, 1H), 7.41 @@= 8.3 Hz, 1H), 7.36 (] =
7.9 Hz, 1H), 7.03 (dJ = 7.9 Hz, 1H), 6.67 (d) = 7.6 Hz, 1H),
6.30 (s, 1H), 3.41 (s, 2H), 3.06 (s, 4H), 2.594), 2.32 (s, 6H),
2.01 (d,J=6.9 Hz, 2H) ppm.

This journal is © The Royal Society of Chemistry 2012
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11-(pyridin-2-yl)-5,6-dihydrobenzoc]acridine 7d:

A mixture of acridine2a (50 mg, 0.14 mmol), 2-tributylstannyl-
pyridine (49.3uL, 0.154 mmol, 1.1 eq. ), Cul (2.7 mg, 0.014
mmol, 0.1 eq. ), PAgIPPh), (4.9 mg, 0.007 mmol, 0.05 eq. ) in
degassed 1,4-dioxane (1 mL) were placed in a seassel and
exposed to microwave irradiation conditions (180 16, min).
The reaction mixture was then poured in a flask #red vessel
washed with DCM (3 x 10 mL). The crude product was
concentrated under reduced pressure and purifiedfldsh
chromatography on silica gel (EtOAc) to give (20.7 mg, 42 %)
as a brown oil.

'H NMR (300 MHz, CDC}): & = 8.85 (d,J=3 Hz, 1H), 8.45 (d,
J=6 Hz, 1H), 8.36-8.33 (m, 1H), 8.23 (@6, 1H), 8.02 (s, 1H),
7.96 (t,J= 15 Hz, 1H), 7.86 (dJ=6 Hz, 1H), 7.67-7.61 (m, 1H),
7.43-7.35 (m, 3H), 7.30-7.27 (m, 1H), 3.20-3.16 @hl), 3.07-

3.02 (m, 2H) ppm.

¥C NMR (75 MHz, CDC)): & = 156.4, 153.1, 148.2, 144.5,
139.5, 137.3, 136.1, 134.8, 134.3, 130.7, 130.9.812129.6,
128.2,128.1, 128.0, 127.3, 126.2, 122.3, 28.@ ABm.

HRMS (ESI): calcd for @H7N, [M+H]* : 309.1392 found:
309.1386.

3-(5,6-dihydrobenzo[c]acridin-11-yl)-1-methylquinoin-1-ium
9:

To a solution of acridin@b (25 mg, 0.07mmol) in DMF (0.5 mL)
is added CHl (43,6 pL, 0.7 mmol, 10 eq. ). The reaction migtur
was stirred at 40 °C for 6 h and then at 90 °C oghtniThe
solvent was removed under reduced pressur®dhd.6 mg, 50.2
%) was obtained as a brown solid. No further peaifon was
necessary.

Mp: 178°C.

'H NMR (300 MHz, CDCJ): & = 10.13 (s, 1H), 9.52 (s, 1H), 8.54
(d,J = 9 Hz 1H), 8.37 (m, 2H), 8.25 (m, 1H), 8.00 (m, 3H), 7.89
(d, J = 9 Hz, 1H), 7.69 (m, 1H), 7.30 (m, 3H), 4.99 (s,3H), 3.13
(d,J=6Hgz 2H), 3.02 (d,J = 6 Hz, 2H) ppm.

BC NMR (75 MHz, CDC)): § = 153.7, 151.3, 147.5, 143.1,
139.7, 137.1, 135.9, 134.6, 134.0, 133.3, 131.5,.013130.8,
130.6, 130.5, 130.3, 129.8, 129.3, 128.4, 128.7.4,2126.7,
125.3, 118.9, 47.4, 28.4, 28.0 ppm.

HRMS (ESI): calcd for gH,N, [M+H]* : 373.1705 found:
373.1704.

Notes and references

& Université de Versailles Saint-Quentin-en-Yvelinestitut Lavoisier de
Versailles, UMR CNRS 8180, 45, Avenue des EtatsJni8035
Versailles cedex. Fax: int-33(0)1 39 25 44 52. Ekma
damien.prim@.uvsq.fr, anne.gaucher@uvsq.fr.

P Faculté des Sciences de Monastir. Laboratoire yith8se Organique,
Asymétrique et Catalyse Homogéene, Avenue de I'Emviement, 5019
Monastir, Tunisia. E-mail: bechirbenhassine@yahioo.f

J. Name., 2012, 00, 1-3 | 9



Organic & Biomolecular Chemistry

¢ UMRL176 Institut Curie, Centre universitaire, 91408say Cedex,
France. E-mail: florence.mahuteau@curie.fr.

Electronic Supplementary Information (ESI) avai&abiopies of NMR
spectra and MW profiles are given. See DOI: 10.163%0000x/

1 Y.-J.Zhou, D.-S. Chen, Y.-L. Li, Y. Liu, X.-S. WgiCS Comb. ci.
2013 15, 498.

2 a) X.-M. Yu, F. Ramiandrasoa, L. Guetzoyan, B. Rres, E.
Quintino, D. Gadelle, P. Forterre, T. CresteilPJMahy, S. Pethe
Chem. Med. Chem. 2012 7, 587. b) J. Y. Hwang, T. Kawasuiji, D.
J. Lowes, J. A. Clark, M. C. Connelly, F. Zhu, W. Guiguemde,
M. S. Sigal, E. B. Wilson, J. L. DeRisi, R. K. Guly,Med. Chem.
2011, 54, 7084. c) A. Kumar, K. Srivastava, S. Raja Kun@arK.
Puri, P. M. S. Chauhamioorg. Med. Chem. Lett. 201Q 20, 7059.
d) S. Visp, I. Vandenberghe, M. Robin, J. P. Anmarel.
Crancier, V. Pique, J. P. Galy, A. Kruczynski, J. Barret, C.

Bailly, Biochem. Pharmacol. 2007, 73, 1863.

3 a) V. Nadaraj, S. T. Selvi, S. Mohauyr. J. Med. Chem. 2009, 44,
976. b) M. Demeunynck, F. Charmantray, A. Martellyrr. Pharm.
Des. 2001, 7, 1703.

4 A Srivastavalndian J. Heterocycl. Chem., 2004 13, 261.

5 a) Y.-L. Chen, I|.-Li Chen, C.-M. Lu, C.-C. Tzeng,-L. Tsao, J.-P.
Wang,Bioorg. Med. Chem. 2003 11, 3921. b) Y.-L. Chen, C.-M. Lu,
l.-L. Chen, L.-T. Tsao, J.-P. Wang),Med. Chem. 2002 45, 4689.

6 a) O. O. Fadeyi, S. T. Adamson, E. L. Myles, C.Gkoro, Bioorg.
Med. Chem. Lett. 2008 18, 4172. b) P. Belmont, J. Bosson, T. Godet,
M. Tiano,Anti-Cancer Agents Med. Chem. 2007, 7, 139.

7 D. Alonso, I. Dorronsoro, L. Rubio, P. Munoz, E. r@a-
Palomero, M. Del Monte, A. Bidon-Chanal, M. Orozde, J.
Luque, A. Castro, M. Medina, A. MartineBjoorg. Med. Chem.

2005 13, 6588.

8 a) J. V. Braun, P. WolffChem. Ber. 1922 55, 3675-3688. b) H. G.
Bonacorso, R. L. Drekener, I. R. Rodrigues, R. Bz28si, M. B.
Costa, M. A. P. Martins, N. Zanattd, Fluorine Chem. 2005 126,
1384.

9 a) P. Belmont, J.-C. Andrez, C. S. M. Allafetrahedron Lett.
2004 45, 2783-2786. b) |. Cikotiendetrahedron Lett. 2009 50,
2570-2572. ¢) S. P. Shukla, R. Tiwari, A. K. Verriatrahedron
Lett. 2012 68, 9035.

10 S. A. Gamage, J. A. Spicer, G. W. Rewcastle, W.D&nny,
Tetrahedron Lett. 1997, 38, 699.

11 P. Mignon, M. Tiano, P. Belmont, A. Favre-Reguilloi.
Chermette, F. Faché, Mal. Catal. A: Chem. 2013 371, 63.

12 A. Souibgui, A. Gaucher, J. Marrot, F. Aloui, F. Maeau-Betzer,
B. Ben Hassine, D. Pringur. J. Org. Chem. 2013 4515.

13 A. Souibgui, A. Gaucher, J. Marrot, F. Bourdreux, Afoui. B.
Ben Hassine, D. PrinTetrahedron 2014 70, 3042.

14 a) C. M. Marson, P. R. Gile§ynthesis using Vilsmeier Reagents
1993 Ed. CRCPress. b) D. Prim, A. Fuss, G. Kirsch, A. M. S.
Silva, J. Chem. Soc., Perkin Trans 2 1999 1175. c) G. Kirsch, D.
Prim, F. Leising, G. Mignani)J). Heterocyclic Chem. 1994 31,
1005.

15 a) G. PietersA. Gaucher, D. Prim, T. Besson, J. Giner Planas, F.

Teixidor, C. Vinas, M. E. Light, M. B. Hursthousé&hem.
Commun. 2011, 47, 7725. b) C. W. Whitaker, R. J. McMahah,
Phys. Chem. 1996 100, 1081.

16 The presence of conformers is in agreement withil&aim
observations made by in the 1,8-diarylnaphthaleages. G.

10 | J. Name., 2012, 00, 1-3

17
18
19
20
21
22

23
24

25

Page 10 of 10

Pieters, V. Terrasson, A. Gaucher, D. Prim, J. btaEur. J. Org.
Chem. 201Q 30, 5800.

M. Genov, A. Almorin, P. Espine€hem. Eur. J. 2006 12, 9346.
J. Muzart,Tetrahedron 2003 59, 5789.

N. E. Leadbeater, B. J. Tomindetrahedron Lett. 2003 44, 8653.
R., Chinchilla, C. NajeraChem. Rev. 2007, 107, 874.

H. Zang, Cai,Q., D. Mal. Org. Chem 2005 70, 5164.

a) A. Requet, H. Yalgin, D. PrinTetrahedron Lett. 2015, 56,
1378. b) D. X. Yang, S. L. Colletti, K. Wu, M. San@. Y. Li, H.
H. C. ShenQOrg. Lett. 2009 11, 381. c) K. L. Billingsley, S. L.
Buchwald,Angew. Chem. Int. Ed. 2008 120, 4773.

R. Bailey,Tetrahedron Lett. 1986 27, 4407.

For examples of Suzuki reactions of nitrogen hetgles using
pyridin-3-ylboronic acid, see N. Kudo, M. Perseghi@. C. Fu,
Angew. Chem. Int. Ed. 2006 45, 1282 and references cited therein.
C. Katan, F. Tereziani, O. Mongin, M. H. Werts, Rorres, T.
Pons, J. Mertz, S. Tretiak, M. Blanchard-Desté?hys. Chem. A
2005 109, 3024.

This journal is © The Royal Society of Chemistry 2012



