Organic &
Biomolecular
Chemistry

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Organic& Royal Society of Chemistry peer review process and has been
Biomolecular accepted for publication.

Chemistry

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still
l(’msm apply. In no event shall the Royal Society of Chemistry be held

2 responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

[y RO~YAL SOCIETY
OF CHEMISTRY WWW.rsc.org/obc


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 8

Journal Name

ARTICLE

Organic & Biomolecular Chemistry

RSC ublishing

3D shapes of aryl(dihydro)naphthothiophenes: a

Cite this: DOI: 10.1039/x0xx00000x

comprehensive and structural study

H. Boufrourz?® A. Souibgui*® A. Gauchef J. Marrot? G. Pieters® F. Aloui,® B.
Ben Hassin,® G. Clavier® and D. Prim

Received 00th January 2012,
Accepted 00th January 2012

DOI: 10.1039/x0xx00000x

A convenien access to new aryl(dihydro)naphthothiopheisedescribecusing a commorg-
chloroacrolein derivative. Our strategy is based on the constonctif a condensed thiophe

ring prior to a Suzul-Miyaura coupling and allowed installing various stitbuents at thi

www.rsc.org/

molecular platforr. The overallshapes of these architectures were confirmed by analyses

and werein good agreement with theoretical calculationshidis beerestablished that the

relative orientation between

all fragments that posed molecules within this series

strongly related to both steric and electronic factcContributicn of these key parameters
revealed crucial to rationalize attempts to prepdwerenone and fluorene derivatives frc
aryl(dihydrc)naphthothiophene platforms

I ntroduction

Naphthalene is a pivotal platform in the constattof elaborate

molecular architectures. In this context, naphthalecores

substituted by onéor more) aryl groups are especially attrac

Naphthalene units appear rigid and strictly planehe well-known
arylnaphthalene or binaphthyl series for exan Their 3D-

templatingshape revealed beneficial in several domains rglgin

the use of binaphthyike scaffolds for example such as catal,’

chiroptical switch and/or molecular remition? dendrimers and
polymers® In contrast, 1,8-digtnaphthalenes display a distort

naphthalene scaffold. Theseepresentative examples exhita

peculiar topology in whichafacial aromatic groups installed at -

naphthalene core set the overall shape of thetaothi¢ (figure 1).

Dihedral angle albcl
lsicn  Depedingon the stzr< cepnlsion
berncen zafacial aonge sings

= Naphilialene ring distoction

= Dihedeal angle aled 7

Figure 1. Deformation of naphthalene unit in -diarylnaphthalenes

This journal is © The Royal Society of Chemistry 2013

In this context, i has beenrecently shown that 1,8-
diraylnaphthalenesnay exist through several confcers for
ortho, ortho disubstituted structure*® Further, the overall
topology is depending on steric factors and eleatr
contributions and/or interactiom®tween both aromatic grodps
in good agreement with recent theoretical calooia.®
Interestingly, X-ray analysis ddeveral 1,8-diraylnaphthalenes
showed that the naphthalene platform is able tordefitself
and absorb one part of the steric congestion eefbtry the
presence of two aryl group®eformation of the naphthalel
unit can be estimated by mean of key parameterd s
dihedral angles as shown in figure We contributed to this
research area by the construction of elaboratedecntar
architectures including planamyisted and helical shag® and
their applications. The flexible vs rigid balance of substitut
naphthalenes is undoubtedly a key feature thatriboiéd to
the renowned of such platforma deep contrast, less is known
about the overall shape of nahalene derivatives bearing one
aryl group and incorporating a fused heterocyThough such
architectures have been shown appealing precursorshe
prepargion of fused fluorenon® and the naphthothiophene
core displaying performananhancing abilit in artificial
energy conversion devicddn this context, we report here
the preparation of several napk- and
dihydronaphthothiophene  derivatives bearing aram
substituents at the peri position of timolecular platform
(figure 1-3). Xray in thesolid state as well as theoretis
calculations have been realized in ordergain informations
concerningthe overall topology of thmolecular platform such
as (i) the shapef the (dihydro)naphthale core (ii) the spatial
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arrangement of all fragments that composes theetedg Under such coupling conditions phenylation tookcplaonveniently
architectures (ii) the contribution of steric efileand electronic affording4ain 94% yield. Several other boronic acids were ¢edip
repulsion betweenrtho-substituents and sulphur lone pairs. Iim order to install various substituents on therphgroup such as
addition, our study contributes to a better un@erding of key methyl, hydroxyl, and carbomethoxy group. High g&lranging
parameters that govern the success or failure ®pgpe from 75 to 94% were obtained. The same catalystesy was found
fluorenone or fluorene derivatives starting frommeonon to be effective for the introduction of aryl groups precursor2b,

(dihydro)naphthothiophene precursors. leading tode in 72% yield.
. . R R
Results and discussion, B S A s
\\  Pd(OAc),, S-PHOS \
Synthesis of naphthothiophene platforms O‘ ___CsRTHF O‘
Our first goal was the preparation of aryl naphtimghene
derivatives. We envisioned the preparation of gachets through a 2 4

three step sequence from 8-bromo tetralone. Astigceescribed,

starting chloroacrolein is readily obtained under Vilsmeier-Haack
reaction conditions (DMF, POI60°C 3h) in 96% yiel8° The CO-Me COMe s £ozMe
construction of the thiophene ring was realizednfrd through a 7 \ ? \ HO \

one-step addition-elimination-cyclization sequenasing either O‘ O‘
methylthioglycolate, pyridine, triethylamine at ®0°or sodium
sulfide, p-nitrophenyl substituted bromomethylene derivatiaesl 4a 94% 4b 85% 4¢ 90%
sodium methylate allowing the installation of methcarbonyl and
p-nitrophenyl groups respectively (scheme Mariously appended ‘ CO,Me ‘ PANO,
d.lhydronaphthothlophen@a and2b were obtained in good to high MeO,C S \ MeO,C $ N\
yield (96%).
R soglve
Br c o HSCHCO;Me, Br S \
Pyr, Et;N 50° 4d 84% 4e 72%
O‘ H O‘ Scheme 2. Preparation of aryl dihydronaphthothiophedes
or
1 Na,S, BrCH,PhNO, 2 2aR=CO,Me 96% We next moved to the fully aromatic compourgiéscheme 3). A
then MeONa 2b R = p-NO,Ph 69% similar screening of Pd catalyst was realized ideorto set best
DDQ, toluene conditions. Again Pd(OAg)S-Phos (0.1/0.2 eq.), CsF (4eq.) in
reflux 2-4h refluxing THF represented the best catalytic compse. We were
R thus able to install methyl, methoxycarbonyl andboaaldehyde

substituents on the arylnaphthothiophene moietyigi yields (67-
\ 90%) starting either frorBa or 3b.

oo R R

A\ Pd(OAc), S-PHOS AT ST\

Br
3a R = CO,Me 93% CsF, THF
3b R = p-NO,Ph 90%
3

Scheme 1. Preparation of (dihydro)naphthothiophene platforms

From cornerstone thiophene®, the preparation of aryl ‘ CO,Me O COMe
naphthothiophene8 was achieved using DDQ in refluxing S \ OHC S
toluene for 2-4h. Having in view the comparisonsskleton ! !

topology of the naphthothiophene backbone, we @ecitb
install various aryl groups at the peri position tie

naphthalene core in both aromatic (compousidand partially st Sbore
hydrogenated (compound®) series. Thus starting from
dihydronaphthothiophen@a as a model compound, several ‘ COzMe ‘ s PINO:
catalytic systems as well as conditions were tesisihg Me02C P Me0C \
phenylboronic acid (scheme 2). The use of Pd(@8&epPhos OO Oe
(0.1/0.2 eq.), CsF (4eq.) in refluxing THF was fdwsuperior to

5¢ 79% 5d 90%

PdCh, K,COs in toluene/water/ethanol, Pd(PPICI,, K,COs in
toluene/water/ethanol or PddppfCCsCO; (3eq.) in toluene. scheme 3. Preparation of aryl naphthothiopherges

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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We recently showed that methoxycarbonyl derivatdegand5c can
be readily cyclised into the corresponding fluome® under
Brénsted acid conditions in high yield (figure®an this context, we
were also interested in preparing the fluorenecanads. A similar
sequence involving closely related benzylic alcehahd further
electrophilic-type ring closure is expected to edfadhe fluorene
backboné!

4d or 5¢ 72% from 4d
75% from 5¢
CO,Me
HO P
E—
6
_... | — partially saturated series
== aromatic series

Figure 2. Possible pathway towards fluorene backbones.

We next envisioned the preparation of key benzglicohols 6,
starting from  bromonaphthothiophenes2 and 3, (2-
hydroxymethyl)phenylboronic acid cyclic monoesteder Suzuki-
Miyaura coupling conditions. Disappointingly, theseu of

Pd(OAc)/S-Phos/CsF as the catalytic combination led to poor

results mainly affording debrominated side products

R
Br S
\
C
PddppfCl, RIHCIACOH
20r3 Cs,CO; | HO S \ reflux
+ — N\
toluene OO
6a: partially saturated
0—B_ 6b : aromatic
OH

‘ : ‘ A
P © P

partially saturated series
7 R: CO,Me, 45%
8 R: PhNO, 61%

Cl

aromatic series
9 R: CO,Me, 42%
10 R: PhNO, 69%

Organic & Biomolecular Chemistry

6. The latter intermediates were shortly filterecbtigh a celite pad
and directly used in the further cyclization stdgnfortunately,
refluxing benzylic alcohols in HCI/AcOH mixture ditbt afford the
expected fluorenes even after prolonged reactiamses. Although
'H NMR spectra of crude material revealed the present
characteristic signals that account for two bewzpliotons, in all
cases only chloromethyl derivatives10 were isolated in yields
ranging from 45 to 69%. Attempts to promote the lizgtion
towards the fluorene scaffold under Lewis acid dtowks using
AICI; or FeC} failed leading to sluggish residues. It is worttimg
that under such conditions, traces of partial hiydis of the ester
function into their corresponding carboxylic aciayrbe observed in
both aromatic and partially saturated series @mpounds/ and9.

In addition, chlorides7-10 exhibit low stability even at low
temperature storagén order to gain information about the overal.
topology of these series of molecular architectares shed light on
the issues of the ring closure sequence from edteand5c or from
benzylic alcohol$, we next examined evidences supplied from solia
state informations and theoretical calculations.

Crystal structures

Single crystals suitable for X-ray analysis werdagied by slow
evaporation of a DCM solutions of compoual 4c, 4d, 5c, 8 and
10 (Figure 3 and SIj?

Figure 3. X-ray structure of compoundsl (left) and5c (right).

The molecular shape is mainly governed by the atdrbridge for
compounddla, 4c, 4d and8 since it induces a non-planar structure
(see angle PHTh in Table 1). The torsion angle between the mea
planes of the phenyl ring and the thiophene ongesrirom 15° to
24°, On the other hand when the bridge is unsadrétompounds

5c¢ and10), the structure is almost planar (5 and 7° demgti

The second feature of the structures is the reaiiientation of the

Scheme 4. Preparation of chloromethylated naphthothiophenﬁ0 phenyl rings. It can be analysed by the anglvben the mean

7-10.

In contrast, Pddppf@ICs,CO; in refluxing toluene led to the

expected benzylic alcohols (scheme 4). In almoktcases, the
starting bromo derivative was almost entirely caoteeinto alcohols

This journal is © The Royal Society of Chemistry 2012

planes of Phand Ph in Table 1. In all cases excefit, both rings
are close to orthogonality and no conjugation e tplace. The
smaller angle fodc (63°) results from the formation of a dimeric
structure in the crystal where hydrogen bonds atabéshed

J. Name., 2012, 00, 1-3 | 3
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between the OH group and the carbonyl of the estéhe thiophene intermolecular

(see Sl figure S3).

It is also noteworthy that the adjacent phenyl rdages not bend

away from the sulphur atoms as seen from the sHmthnce

interactions rather than an intraunolar

stabilization.

Table 2. Main structural features obtained from geometry

between the centroid of Pfand S (3.3 to 3.5 A). There is nooptimization (b3lyp/6-31g(d); see table 1 for meanof Ph Ph, and
electronic repulsion between the two moieties iasth molecules Th).

unlike the cofacial case on a naphthalene platimdicated in the

introduction. Compound _ Angle PHPh,(°)  Angle Ph-Th (°)  d Ph-S (A)
4a 68 20 3.57
43° 73 21 3.52
Table 1. Main structural features obtained from X-ray analys 4b 79 19 3.50
4c 69 20 3.55
4 81 19 3.59
4e 83 18 3.51
R R 5a 86 2 3.44
/ / 5b 86 1 3.46
5¢c 89 1 3.47
5d 90 1 3.49
@ @ P 6a’ 87 17 3.49
6b° 86 2 3.47
7 83 18 3.50
Compound  Angle PRPh, (°)  Angle Ph-Th (°)  d Ph-S (A) 8 84 17 3.48
4a 90 19 3.36 9 87 1 3.44
4c 63 24 3.51 10 87 1 3.43
4d 78 17 3.56 b .
B 81 5 334 cam-b3lyp/6-31g(d);
8 74 15 3.41 . .
10 74 7 3.37 It appears that in most cases, the overall mininirthe gas

The last topological feature that is interesting the partially
saturated series is the relative orientation of etigylene bridge.
Namely the hydrogen atoms adopt an axial-equatari@ngement.

phase is closely related to the crystal structlirevas thus
interesting to study the effect of changing theatieé
orientation of the CHCH, bridge in the aliphatic series. Three
compounds were studiedda, 4c and 8) where the size of the

In 4d and8 the CH linked to Ph adopt an arrangement in which thé&ubstituent on Bhincreases (see SI). In all cases, the inversion

axial hydrogen lies on the opposite side with resp® the

gave final structures whose energy was close tartitial one

substituent on RhIn contrastAd displays axial hydrogen and the(maximum difference observed is 2.3 kJ/mol and Rilfnol

substituent on RBhon the same side. Thus there is no discernibiéth

trend at this stage concerning a preferred oriemtdor the ethylene
bridge.

Theoretical calculations

In order to gain further insight into the preferrgdometrical
arrangement of these molecules, quantum chemitallations
have been done at the b3lyp/6-31g(d) level of théoranalyse
the various conformers and compare them to thectsires
gained from the solid state analysis. Represematib the
minima obtained for all compounds are shown in suiipg
information together with an overlay with the cwelsstructure
when available. In most cases, a very good agreemvas
obtained between calculated and experimental strest(Table
2).

The only molecule for which calculated structureffeds
markedly from the experimental one #. In the crystal

b3lyp and cam-b3lyp functionals respectively).
Furthermore, the energy barrier was found t@de&0kJ/mol in
all three cases whatever the functional used. Teiepence for
one orientation in the crystal structure comes feonall energy
differences and it is likely that in solution batbnformations
exist and exchange. This is substantiated by theRNdéata
where a single signal is found for each Lgtoup indicating
that on the NMR timescale both protons occupies katial
and equatorial positions.

Another interesting feature to study in this serigas the
rotation around the C-C bond linking the two phenmyyjs since
blocking it, could open the way to the preparatidroptically
active compounds. It was studied in four represemtacases:
4b, 4c, 5a and8. The rotation barrier was found to be high in
all cases (96, 116, 103 and 105 kJ/mol respeciivélit is
noteworthy that the nature of the bridge (saturatedot) has
no influence 4b vs 5a) and that a methyl or hydroxyl

structure, phenyl rings Pland Ph are orthogonal while in the Substituent are already large enough to block tbiation at

calculated structure they form an angle of 68°. dature was
ascertained by using the long range corrected ifumait cam-

room temperature.
Finally, we also had a look at the electronic festgoverning

b3lyp were a PRPh, angle of 73° was obtained. The energy dhe stability of the structure. It was noted thatthe crystal

the conformation in the crystal structure was fotmde only

structures of the compounds, thef&hdistance is short and the

3.5 kJ/mol higher than the minimum one. The prefrrPhenyl ring does not bend away. This feature wasodkiced

orientation in the crystal structure could thus eorfiom

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

by the geometry optimization (Table 2). The elestatic

This journal is © The Royal Society of Chemistry 2012
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potential surfaces were plotted (figurpahd it was found the
an electron dense region exidts between the face of tt
phenyl and the sulphur atom.

Figure 4. Electrostatic potential surfaces for compou5c and
9 (orange negative regiongqositive regions have be:
omitted for clarity) Sulfur atom is in yellov

Natural Bond Orbital (NBO) calculatibhwas also performed
since it was proverto be a very useful tool to study t
electronic properties of organic molecul®ge focused on the
delocalization energies between the two moiel(Second
Order Perturbation Theory Analysis}. was found that that
electrons of the phenyl ring teract with the vaca d orbitals
of the sulphumtom explaining the short distance observed
the apparent lack of electronic repulsion which whserved ir
the bisaryl naphthalene case.

Determination of key factorsin thering closure sequence

In order to understand thdifference of reactivity betwee
compoundsAd and5c on one hand whichllow obtainin¢ the
corresponding fluorenones amdmpounds6a-b on the other
hand that failed to give the fluoren@nalogue, geometry
optimizations have been realize@omparison of key dat
showed no major geometrical differendetweer4d or 5¢c and
6a-b that could explain the lesser reactivitf/the latter (Table
2 and Sl) However, further insight could be gained by sind
the carbocations which are believed to the reactive
intermaliates. Inspection of the lowest unoccupied mok
orbitals (LUMO) did not deliveuseful information since bot
show that the electron density is localized on tkactive
carbon with a delocalization intthe adjacent phenyl ring (s
Sl). On the othehand, the highest occupied molecular orbi
(HOMO) show significant differences (Figu5). In the case of
5c, the HOMO has an electron density on the carboortho
position which is the electrophilic aromatic suhgton site but
in the case 09, the electron density on the same ca site is
much weaker.

This journal is © The Royal Society of Chemistry 2012
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Figure 5. Highest occupied molecular orbitals of the catidr
compoundsc (left) and9 (right).

This difference in electron density could expldie difference
of reactivity when attempting to form the fluorenone the
fluorene.In the latter case alternative synthetic approactie
needed?®

Further insight into the reactivity of both serigasotained by
studying the reaction path leading to cyclisatioficomaion of
the benzyhloride. The SEAr reaction from the carbocatior
4d or 5¢c was found to be easily achieved with activai
energies of 5.6 and 6.5 kcal/mol respecti\

The cyclisation of arbocatiols of 6a-b in saturated and
unsaturated series where found to be rather eaperform as
well since the activation energies for the eledtiip reaction
are 11.0 and 9.2 kcal/mol respectively. Tkl reaction was
found to require slightly mer energy (., = 15.1 and 15.2
kcal/mol). However the & product is much more stable tr
the SEAr one by 83 and 95 kcal/mol respectivelyguie 6 for7
and Sl for9)

100.00
50.00

0.00

AE (kJ/mol)

-50.00
-100.00

-150.00

Reactant Product

Figure 6. Reaction pathway from the carbocation o6a
leading to potential cyclisatiofBEAr in blue) or formation c7

(S\1 in red).

s

DFT calculations thus indicate that in the caseahpound6
the formation of the fluorene is an equilibratedatéon and tha
at high temperature the thermodynamically favowrgirioduct
arising from SN reaction is obtained predominan

Conclusions

In summary, we succeeded in the preparationseveral
naphtho-and dihydronaphthothiophene derivati in two key
steps. The first step allowed building up the corseel
thiophenering starting from a commorf3-chloro acrolein
derivative. The second step aimed at the instatiatif various
aryl groups using a Suzukliyaura coupling reaction. TF
overall topology of these architectures lbeen confirmed by
X-ray analyses. Key pameeters that impact the preferr

J. Name., 2012, 00, 1-3 | 5
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geometrical shape of such molecular platforms hheen
determined through quantum  chemical
Furthermore, ring closure sequences in order tpgreethienyl-
fused fluorenes have been examined. In deep cortamhe
fluorenones series, fluorenes could not been obdainsing
similar intramolecular electrophilic aromatic preses. The
lack of reactivity of benzylic alcohols precursordy
comparison with their methoxycarbonyl analoguesgioates
from a marked difference of electronic densities the
cyclisation sites which could be determined throgglometry
optimization calculations. Reactions pathways amsdués
selectively leading to the corresponding fluorerorm® one
hand and to benzylchlorides on the other hand Hasen
characterized.
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calculationgressure. The

magnesium sulfate and the solvent was removed uederced
crude product was purified by flash
chromatography on silica gel eluting with petroleather/ethyl
acetate (95:5) to yield compourgth and 2c in 69 and 77%
respectively.

Compound 2b (69%)

'H NMR (300 MHz, CDC}): & = 2.83-2.90 (m, 2H), 2.96-3.05
(m, 2H), 7.03 (tJ = 7.7 Hz, 1H), 7.24 (dJ = 10.2 Hz, 1H),
7.36 (s, 1H), 7.55 (d1 = 7.7 Hz, 1H), 7.81 (d] = 8.9 Hz, 2H),
8.25 (d,J =9 Hz, 2H).

13C NMR (75 MHz, CDC}): & = 24.3, 30.8, 119.6, 124.4,
125.1, 125.7, 127.4, 127.8, 131.1, 132.8, 135.8,.7,3140.2,
140.6, 142.1, 146.5.

HRMS-ESI: m/z [M + HJ'calcd for GgH;,NO,SBr: 384.9772;
found: 384.9771.

Preparation of compourgb.

Technology, ANR (ANR-11-BS07-030-01) and IDEX ParisCompound2b (26 mg, 0.06 mmol) and DDQ (22 mg, 0.096

Saclay for the financial support and grant (HB).

Experimental

M aterials and methods

Unless otherwise noted, all starting materials walbéained from
commercial suppliers and used without purificatiBetroleum ether
was distilled under Argon. NMR spectra were recordeda 300
MHz and 200 MHz Brucker spectrometers. Chemical shifere

reported in ppm relative to the residual solverakp€?.27 ppm for
CHClIy) for *H spectra and (77.00 ppm for CRECfor °C spectra.
High Resolution Mass spectroscopy data were recomtedan

Autospec Ultima (Waters/Micromass) device with gotation of

5000 RP at 5%. Compoundk 2a, 3a, 4d, 5c were prepared
according to reference 8. Thin-layer chromatografhyC) was

carried out on aluminium sheets precoated witltasiiel 60 F254.
Column chromatography separations were performedyisiiica gel

(0.040-0.060 mm).

Calculations were performed using Gaussian 09 sodtifia
Molecules structures were drawn with Gaussviewwan® using
included templates and their geometry optimizedhat b3lyp/6-

31g(d) level of theory and additionally at the chBiyp/6-31g(d)

level for 4a. A frequency job was done on the final geometry
ascertain that a minimum was obtained (no negdteguencies).
Scan (opt=modredundant) were done at the b3lypige3and cam-
b3lyp/6-31g(d) level of calculations. NBO analysieres performed
after an energy calculation at the B3LYP/6-311+g(dgvel of

theory.

Synthetic procedures

Procedure for synthesis of compouzid

Compoundl (0.18 mmol) in 1 mL DMF was added to
suspension of sodium sulfide (0.2 mmol) in 1 mL DstFoom
temperature. After 15 min, paranitrobenzylbromide.18
mmol) was added. After further 15 min, sodium mette
(0.18 mmol) was added and after 10 min of stirriigt, the
mixture was extracted with methylene chloride. Thsulting
methylene chloride solution was dried over

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

mmol) were dissolved in toluene (2 mL) and heatedefux

for 2 h. After cooling to room temperature, the uldag

solution was concentrated under reduced pressutearified
by flash chromatography on silica gel eluting witktrpleum
ether/ethyl acetate (90:10) to yield 3b as a yellow solid in
90% vyield.

'H NMR (300 MHz, CDCY): 6 = 7.37 (t,J = 7.7 Hz, 1H), 7.79
(m, 3H), 7.91 (m, 4H), 8.26 (d,= 9 Hz, 2H).

3C NMR (75 MHz, CDC}): 6 = 120.4, 123.1, 124.0, 125.1 (2),
126.7, 127.5 (2), 127.7, 129.3, 129.7, 130.3, 1,3334.5,
137.1, 137.4, 141.1, 142 5.

HRMS-ESI: m/z [M + HJ'calcd for GgH;(NO,SBr: 382.9616;
found: 382.9609.

General
coupling

procedure for S-Phos catalyzed Suzuki-Mgav

To a stirred suspension of 9-bromonaphtho[l,2-bjthene
derivative (0.40 mmol), boronic acid (0.81 mmoleg.), and
cesium fluoride (247 mg, 1.6 mmol, 4eq.) in degdsEEF (4

mL), were added palladium acetate (9.1 mg, 0.04 hhara 2-

dicyclohexylphosphino-2’,6’-dimethoxybiphenyl  (33.3mg,

I8.08 mmol). The mixture was heated at reflux in THdF 2h.

Water (20 mL) was then added, and the aqueous plase
extracted with methylene chloride (3 x 20 mL). Tdwmbined

organic layers were dried over anhydrous magnegsulfate,

fitered, and concentrated under vacuum. The cnocteluct

was purified by flash chromatography on silica gleting with

petroleum ether/ethyl acetate (9:1) or petroleunhert
methylene chloride (6:4) to give the coupling proidu

Compound 4a (94%)

'H NMR (300 MHz, CDC}) : 2.81-2.86 (m, 2H), 2.96-3.01 (m,
@H), 3.76 (s, 3H), 7.11 (dd,= 2, 7 Hz, 1H),7.20-7.32 (m, 3H),
7.44-7.46 (m, 2H), 7.49 (s, 1H).

13C NMR (75 MHz, CDC}) : & = 24.7, 30.8, 52.5, 128.0,
128.2, 129.1, 129.5, 130.0, 130.1, 130.7, 132.0,983 137.8,
139.8, 140.1, 141.5, 142.4, 163.8.

HRMS-ESI: m/z [M + H]" caled for GgH,70,S : 321.0949;

anhydrofound: 321.0945.

This journal is © The Royal Society of Chemistry 2012
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Compound 4b (85%) Compound 5d (90%)
'H NMR (300 MHz, CDCY): 8 = 2.00 (2s, 3H), 2.82-2.86 (.14 NMR (300 MHz, CDCJ): 5 = 3.47(s, 3H), 7.37 (dl = 7.1
2H), 2.98-3.03 (M, 2H), 3.76 (2s, 3H), 7.04-7.07 (M), 7.19 y; 1H), 7.42-7.45 (m, 1H), 7.53-7.66 (M, 3H), Z7Z@3 (m,
(d,J=7.7 Hz, 1H), 7.22-7.28 (m, 4H), 7.38-7.42 (M, 1AB4 3p) 7.85 (s, 2H), 7.99 (d,= 8.1 Hz, 1H), 8.19 (d] = 8.8 Hz,
g, 1H). 2H), 8.23-7.26 (m, 1H).

C NMR (75 MHz, CDC}): 8 = 19.8, 23.9, 30.1, 51.8, 126.413c NMR (75 MHz, CDC}): 5 = 51.8, 122.2, 122.4, 124.2 (2),
127.3, 127.4, 128.7, 128.8, 129.2, 130.0, 130.4,113132.2, 1551, 126.3 (2), 126.9, 127.1, 127.2, 128.5, 12831.0,

1367, 1368, 1380, 1390, 1399, 141.6, 163.1. 131_2, 131.8, 132.5 (2), 137.2’ 138.1, 139_3, 1’40_&.1,

HRMS-ESI: m/z [M + H]*calcd for G;H;40,S: 335.1106; 141.9. 146.7. 166.7.

found: 335.1109. HRMS-ESI: m/z [M]"calcd for GgH1,NO,S: 439.0878; found:
439.0880.

Compound 4c (90%) General procedure for dppf catalyzed Suzuki-Miyauvapling

IH NMR (200 MHz, CDC}) : & = 2.82-2.89 (m, 2H), 2.98-3.05~ chlorination sequence affording compoufel.
(m, 2H), 3.76 (s, 3H), 4.72 (s, 1H), 7.00 (dds 0.7, 8.0 Hz,
2H), 7.15-7.18 (m, 2H), 7.29-7.33 (m, 2H), 7.41, @®, 8 Hz, bthiophene derivative (0.31 mmol), (2-

113H)' 7.50 (s, 1H). hydroxymethyl)phenylboronic acid cyclic monoestet.2@

C NMR (75 MHz, CDC}) : 3 = 24.7, 30.9, 52.7, 116.9,mmol, 4 eq.), and GEO; (300 mg, 0.92 mmol,) in degassed
122.2, 127.3, 128.9, 129.5, 130.9, 131.4, 131.3,8,3132.7, mixture of toluene (3 mL), was added 1,1
132.9, 133.1, 138.4, 140.33, 141.3, 154.1, 163.7. bis(diphenylphosphino)ferrocene]dichloropalladiun85 ( mg,

HRMSESI: m/iz [M + HJ'calcd for GoH;/05S: 337.0898; 0-047 mmol). The mixture was stirred at reflux fidr. Water
found: 337.0901 " (20 mL) was then added, and the aqueous phase xtrasted

with methylene chloride (3 x 20 mL). The combinedjanic
layers were dried over anhydrous magnesium sulfdtered,
Compound 4e (72%) -

1 e and concentrated under vacuum. The crude produsfiltered

H NMR (300 MHz, CDCY): § = 2.80-2.88 (m, 2H), 2'96'3"09through a pad of on silica gel. The resulting migtuvas
(m, 2H), 3.51 (s, 3H), 7.02 (d,= 7.5 Hz, 1H), 7.11-7.18 (M, checked by'H NMR and further reacted with a mixture of
3H), 7.25-7.28 (m, 1H), 7.35 (d=9 Hz, 2H), 7.50-7.53 (m, HCI/Acetic acid (2/1 mL) and stirred at room temgtere for 2
2H), 8.09-8.14 (m, 3H). h. The resulting mixture was then poured into i2é ¢) and

13C NMR (75 MHz, CDCH): § = 24.3, 30.2, 51.9, 124.2, 125.1basified with sodium bicarbonate. This aqueous rlayes
125.2, 126.4, 127.3, 128.1, 1285, 129.1, 130.1,1,3132.1 extracted with ethyl acetate (3 x 20 mL). The cameli organic

layers were dried over anhydrous magnesium sulfdtered
132.2, 135'?’ 137'6’+139'7’ 140.4, 140.7, .142'6’1146_7'0' _and concentrated under vacuum. The crude produg w~
HRMS-ESI: m/z [M] calcd for GeH1oNO,S: 441.1035; found: pyrified by flash chromatography on silica gel &gt with

441.1026. methylene chloride then ethyl acetate/ methanall(®0

To a stirred suspension of methyl 9-bromo-4,5-napfit, 2-

Compound 5a (81%) Compound 7 (45%)

IH NMR (300 MHz, CDCJ): § = 1.85-1.89 (2s, 3H), 3.66-3.74'H NMR (300 MHz, CDCJ): § = 2.73-2.78 (m, 2H), 2.90-2.95
(2s, 3H), 7.14-7.16 (m, 1H), 7.26-7.34 (m, 3H),97(8J = 1.3, (M. 2M), 3.67 (s, 3H), 4.21-4.32 (m, 2H), 6.98-7(M, 1H),
7.12-7.19 (m, 3H), 7.30-7.35 (m, 1H), 7.40-7.47 @Hi), 7.52

7.6 Hz, 1H), 7.53 (t) = 7.9, 15.2 Hz, 1H), 7.73 (s, 2H), 7.86(d’\]: 2.0 Hz. 1H),
Eg'J =7.9 Hz, 1H), 7.95 (s, 1 H). 13C NMR (75 MHz, CDC}): & = 24.0, 30.2, 51.9, 63.1, 127.5,
C NMR (75 MHz, CDC}): 6 = 19.8, 52.2, 123.0, 126.2,127.7, 127.8, 128.1, 128.2, 129.1, 129.4, 130.4,5,3132.4,

126.7, 126.8, 127.4, 128.2, 128.5, 129.2, 130.9,3,3130.8, 136.5, 137.0, 138.8, 139.4, 141.2,162.9.
132.8, 133.4, 137.5, 137.7, 138.4, 139.9, 140.8,3L6 HRMS-ESI: m/z [M + H]"caled for G;H;50,SCI: 369.0716;
HRMS-ESI: m/z [M + H]+calcd for GiH170,S: 333.0949; found: 369.0722.

found: 333.0937.
Compound 8 (61%)

. 'H NMR (300 MHz, CDCJ): § = 2.89-2.95 (m, 2H), 3.02-3.08
Compound 5b (67%) (m, 2H), 4.32-4.42 (m, 2H), 7.14-7.31 (m, 5H), 7(84J = 8.8
H NMR (300 MHz, CDCY): 6 = 3.84 (s, 3H), 7.45-7.52 (M, Hz, 2H), 7.56-7.63 (m, 3H), 8.14 (d= 8.9 Hz, 2H).
2H), 7.60-7.69 (m, 1H), 7.74-7.81 (m, 2H), 7.88%8l), 8.05 °C NMR (75 MHz, CDC}): § = 24.2, 30.1, 44.1, 124.2 (2),
(d, J=1.2 Hz, 1H), 8.07 (s, 1H), 8.1 (dd, J=2.0, 7.1 H), 125.1, 125.2 (2), 126.7, 127.9, 128.9, 129.2, 12920.6,
9.63 (s, 1H). 130.2, 131.0, 135.1, 136.2, 136.3, 136.7, 140.0,114140.5,

13 LS 140.7, 146.1.
C NMR (75 MHz, CDC}): 8 = 52.3, 123.5, 125.7, 126.8, ; +
HRMS-ESI: m/z [M] calcd for GsHigNO,SCIl: 431.0747;
127.6, 128.1, 129.4, 129.5, 129.7, 130.3, 131.2.6,3133.6, ¢, ,nd: 431.0741.
134.3, 134.5, 135.1, 138.1, 139.6, 143.7, 162.9,3L9
HRMS-ESI: m/z [M]*calcd for G,H,05S: 346.0664; found:

346.0664.

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 7
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Compound 9 (42%)

'H NMR (300 MHz, CDC}): § = 3.85 (s, 3H), 3.963 (d] =
11.6 Hz, 1H), 4.32 (d) = 11.6 Hz, 1H), 7.29 (d]) = 7.2 Hz,
1H), 7.51-7.72 (m, 5H), 7.87 (s, 2H), 8.05 {d5 8.1 Hz, 1H),
8.07 (s, 1H).

BC NMR (75 MHz, CDCY): 6 = 44.0, 52.3, 123.2, 126.0, 12.9,

127.4, 129.2, 129.3, 129.4, 129.9, 130.3, 130.6,113132.8,
133.5, 135.9, 136.7, 138.0, 139.7, 139.8, 163.2.

HRMS-ESI: m/z [M]*calcd for G;H,:0,SCl: 366.0481; found:

366.0487.

Compound 10 (69%)

4 NMR (300 MHz, CDCJ): & = 4.18 (d,J = 11 Hz, 1H), 4.38
(d, =11 Hz, 1H), 7.38 (d] = 7.4 Hz, 1H), 7.53-7.74 (m, 8H),

7.88 (s, 2H), 8.05 (dl= 8.1 Hz, 1H), 8.22 (d] = 8.2 Hz, 1H).

13C NMR (75 MHz, CDC}): & = 44.3, 122.5, 122.6, 122.8 (2),

124.5, 125.6 (2), 126.6, 128.9, 129.3, 129.5, 129.30.6,
131.3, 131.6, 132.4, 134.7, 135.6, 137.2, 139.0.2,4140.7,
141.8, 147.1.

HRMS-ESI: m/z [M]'calcd for GsH:gNO,SCIl: 429.0597;
found: 429. 0594.
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