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Synthesis of Heteroarenes Dyads from Heteroarenes@
Heteroarylsulfonyl Chlorides via Pd-Catalyzed Desulfitative C—H bond
Heteroarylations
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& Institut des Sciences Chimiques de Rennes, UMRBRRS-Université de Rennes 1 " Organométalliquasériaux et Catalyse”, Campus de

Beaulieu, 35042 Rennes, France
P_aboratoire de synthése des molecules & intérédiipue Université Mentouri-Constantine, 25000 Constantifigieria

Abstract: We report herein on the palladium-catatlyzirect heteroarylation of heteroarenes (e.grof®s, furans, and thiophenes) in
which heteroarylsulfonyl chlorides are used as &ngppartners through a desulfitative cross-couplin These C-H bond
functionalizations occurred at theposition in the case of pyrrole and furan deriesdi while in the case of thiophenes the C—H bands
B position have been heteroarylated. This meth@yotepresents a very simple access to heteroaadsly Moreover, some examples
of heteroaryl triads have been synthetiziditerative C—H bond arylations.
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Introduction

Polyheteroaromatic compounds are well representedganic chemistry. This motif is present in mamarmaceuticals. For examples,
RITA an heteroaryl triads containing a furan 2,5stitbted by thiophenes, is a potent multi-targetgdagainst cancér. ER-38930,
which possesses a pyrazole core, was also showmatkedly activate transactivation of the RARR receptdBenzofuranyl-pyrrole
derivative | act as potent retinoic acid receptoragonist Prodigiosine is a bright red tripyrrole pigmesblated from Serratia
marcescens, which displays several biological aigtsssuch as antibacterial, anticoccidial, antamal, and antifungal activities, and is
often used as a biochemical tool. Polyheteroaresatan be also found in organometallic chemissyigands (e.g., bipyridines,

polythiophenes, ...) and for the preparation of etedt devices.
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Figure 1. Relevant bioactive polyheteroaryl compounds



The abundance of polyheteroaromatic structuresgaroc compounds led to intense efforts to develeyw methods for their synthesis
over the last few decad@sPalladium catalysis is a very useful tool for @eC bond formatiori. The synthesis of heteroaryl dyads has
been widely reported using palladium catalysis franganometallic reagents with heteroaryl halidagufe 2A). Major contributions
focused on the synthesis of C2—C2’ heteroaryl dyadsich found some applications as electronic devfcbut a few examples of the
synthesis C3-C2’' or C3-C3' heteroaryl dyads havenbakso reported using trialkyl(heteroaryl)stannaserivatives and 2-
haloheteroaryl$,or 3-haloheteroaryl® & On the other hand, palladium-catalyzed direct ®eHd arylation has emerged as one of the
most suitable and eco-friendly alternative for fbiemation of C—C bonds, because of a simpler acmessactants with generation of
lower amount of wast®.Palladium-catalyzed direct arylation of heteroasewith heteroaryl halides for the formation of C2-or C2—
C3’ heteroaryl dyads has been reporfedhich includes intramolecular reactiolsmoreover some applications in the synthesis of
electronic devices were also described (Figure'dB).

More recently, we reported the use of benzenesyilfohlorides as an original alternative to arylides for the direct arylation of
heteroarenes through palladium-catalyzed desiNéa€—H bond functionalizationd. Benzenesulfonyl chlorides exhibits several
advantages such as commercial availability for mafrtpem at an affordable cost including heteraarjonyl chlorides. They can also
be easily prepared from sulfonic acids or sulfubsstates by chlorinatiof. In addition, palladium-catalyzed direct arylatioh
thiophenes with benzenesulfonyl chlorides offeréterent regioisomers than the reaction performéth aryl bromides3® In the
course of our previous study on Pd-catalyzed digstive cross-coupling reactions, we demonstratecie example that methyl 3-
(chlorosulfonyl)thiophene-2-carboxylate might bediss coupling partner to afford a 3—-3' dithiophdee&vative in good yield (Figure
1C). To the best of our knowledge, this is the adgmple of such desulfitative direct heteroarglatieported in the literature. As a
wide scope of heteroarylsulfonyl chlorides are caroally available and due to the lack of inforroaticoncerning their reactivities in
palladium-catalyzed desulfitative cross-couplirttgit potentials in the synthesis of heteroaryl dyadd triads needed to be studied
(Figure 1D).

A. Pd-catalyzed heteroarylations using organometallic reagents

X Y
[Pd] X X
@M ’ X@ — QU | /\

M =B(OR),, SnR3,
ZnX, ... X =Br, |
B. Pd-catalyzed heteroarylations through C—H bond activation

% Y [Pd] X -
Q*@Jﬂ»\/ v
H

X=Br,

C. Pd-catalyzed desulfitative heteroarylation through C—H bond activation
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D. Generalization of Pd-catalyzed desulfitative heteroarylation (this work)
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Figure 2. Palladium-catalyzed heteroarylation reactions

Result and Discussion

Firstly, we decided to investigate the reactivifytfiophene-3-sulfonyl chloride in palladium catadgl desulfitative arylation reaction of
5-membered rings containing one heteroelement.s#lécted a fully substituted thiophene-3-sulforhfbdde to prevent homocoupling
side reactions. We attempted the heteroarylatibri-methylpyrrole with 4-bromo-2,5-dichlorothioptee3-sulfonyl chloride as
heteroarylating agent using our previous best i@actonditions for such desulfitative C—H bond atigns'* namely 5 mol%
PdCL(CH3CN), in the presence of 3 equiv. of lithium carbonatelioxane at 140 °C. We found that the reactiorgeded smoothly to
afford the 2-heteroarylation produttin 81% yield. It is important to note that alli@logen bonds including the C—Br one were
untouched during the reaction, which allows furttransformations. Then, we attempted the reaatising furan derivatives as the
coupling partners. Both 2-butylfuran and menthofuran were regioselectivedtehoarylated at C5-position to gi2eand3 in 64% and
70% vyields, respectively. Interestingly, the r@attconditions tolerates enolizable ketone subestitias 1-(furan-2-yl)propan-2-one

reacted with 4-bromo-2,5-dichlorothiophene-3-swiochloride to provide the desired arylated proddigh 65% yield. The reaction



performed with benzofuran as the starting matehtl to the unexpected debrominated coupling produdn 42% yield.
Benzothiophene was arylated at C3-position to gieedésired thiophene dy&din moderate yield. Nevertheless, this resultddd an
opening wedge in original and efficient synthegi8,8'-bithiophene derivatives. We investigatedtribe reactivity of other thiophene-
3-sulfonyl chlorides. Thiophene bearing only cblor methyl substituents at the positions 2 anffd¥ded the coupling products with
1-methylpyrrole7 and9 in lower yields of 51% and 36%, respectively. Elver, no reaction occurred between 2,5-dichlooptiéne-
3-sulfonyl chloride and 2-butylfuran. Finally, we found that the reactiomgeeded in high yield with a thiophene-3-sulfociyloride
bearing an electron-withdrawing group at C2. Inddbkd desulfitative heteroarylation in which metBy(chlorosulfonyl)thiophene-2-
carboxylate was used as coupling partner alloweddimation of the desired produdi®-14 in good yields whatever the heteroarene.
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performed from 4-bromo-2,5-dichlorothiophene-3-sulfonyl chloride

Scheme 1Palladium-catalyzed direct desulfitative hetertatigns using thiophene-3-sulfonyl chloride derives.

We next turned our attention to the reactivity ibphene-2-sulfonyl chlorides as the heteroarytatigents in such coupling reactions
(Scheme 2). Overall, these derivatives displaydower reactivity than their 3-substituted homolegu Unsubstituted thiophene-2-
sulfonyl chloride was coupled with 1-methylpyrratefurnish 1-methyl-2-(thiophen-2-yl)pyrrolé@) in 42% yield. Then, we studied the
influence of substituents at the C5 position owpghiene-2-sulfonyl chlorides. With thiophene-2-snifi chloride substituted by a C5
methyl substituent, a slightly better yield of 4@4avor of the desired coupling produd was obtained. Chloro or bromo substituents
at the C5 position of thiophene-2-sulfonyl chloridesre also tolerated by the reaction conditionsfford the thiophenylpyrrole



derivativesl7 and18 in 55% and 48% yields, respectively. Again, thesgction conditions were completely chemoselectigeC—X
bond was not involved in the direct arylation pss;eallowing further transformations through itemajprocesses. 1-Benzylpyrrole has
been heteroarylated affordid® in 62% yield using the most reactive 5-chlorogiiene-2-sulfonyl chloride; whereasnzbutylfuran
was found to be unreactive. 3-Heteroarylated IpZthylindole21 was synthetized in moderate yield using 2-thiogh2ssulfonyl
chloride.
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Scheme 2Palladium-catalyzed direct desulfitative hetertstigns using thiophene-2-sulfonyl chloride derives.

Next, we examinated the reactivity of nitrogen edming heteroarylsulfonyl chloride derivatives he heteroarylating agents (Scheme
3). Pyridine-3-sulfonyl chloride displayed a vdow reactivity. For example, the coupling produetgh 1-methylpyrrole or 2
butylfuran gave22 and 23 in only 31% and 12% yields, respectively. Thigehearylpyridine synthesis pathway is not attraetiv
compared to the reaction performed using 3-bronidimg as the arylation agent through also a C—Hdbaxtivation'> On the other
hand, the preparation of 2-bromo-1-methylpyrroletiallenging due to over-bromination or decompositf whereas 1-methylpyrrole-
2-sulfonyl chlorides can be easily prepared fronméthylpyrroles by chlorosulfonylation using chlautfaric acid. Moreover, some
pyrrole-2-sulfonyl chlorides are commercially awdile. The reaction between 1-methylpyrrole andhgieb-(chlorosulfonyl)-1-
methylpyrrole-2-carboxylate allowed the formatidrpgrrole dyad?24 in 69% vyield.
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Scheme 3Palladium-catalyzed direct desulfitative heteyt&ions using nitrogen-containing sulfonyl chl@iderivatives.

In order to get a wider substrate scope, the sgitltd a pyrazole unit bearing a chlorosulfonyldiion was attempted. Starting from 3-
methyl-1-phenylpyrazole, we expected that the dsehtwrosulfonic acid would provide the pyrazds, in which the chlorosulfonyl
function would be introduced at the C5-position. wdwger, we only observed the formation of the regiaier26, which is formed by
the activation of th@ara C—H bond of the phenyl ring (Scheme 4, top). Thgoselectivity is different to the brominatiohpyrazole
with NBS, which proceeds at the pyrazole C4-posititvith substrat®6 in hands, we investigated its reactivity in paillex-catalyzed
desulfitative arylations for the synthesis of (nejaryl triads (Scheme 4, bottom). The arylatidriianethylpyrrole took place at the



expected C2 position allowing the formation of tharyl 27 in 72% yield, while 2-methylthiophene was arylatddhe C4-position to
give the desired produ@s in 63% yield. It is important to note that sudaryls exhibit a similar structure to N6022, whiisha potent
Snitrosoglutathione reductase inhibitor in clinicivelopment and this elegant synthetic pathway might providesasier access to

new analogues.
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Schemet. Synthesis of (hetero)aryl triads from 4-(3-meglyyhzol-1-yl)benzenesulfonyl chloride via Pd-cataly direct desulfitative arylation.

Finally, thanks to the high chemoselectivity of dbepalladium-catalyzed desulfitative heteroaryfajoin which the C-Br bonds
remained untouched, we conducted a second dirgdetian for the synthesis of heteroaryl triad compds (Scheme 5). As examples,
the derivativel8, which bears a C-Br bond at C2-position on the thémghring, was heteroarylated —using our previoasti@n
conditions2” affording the triad9 and30in 78% and 82% vields, respectively, through &®end activation of thiazoles.
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ST\ N
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i) PACI(C3H5)(dppb) (2 mol%), KOAc (2 equiv.), DMA, 150 °C, 16 h.
Scheme 5Application to the synthesis of heteroaryl triads.

As heteroaryl dyads are important building blocksthie preparation of pharmaceuticals or electral@cices, we demonstrated the
scalability of Pd-catalyzed desulfitative heterdatipn. The reaction was conducted on 10 mmoleseaid afforded 2.5 g of the

compound3 after purification (Scheme 6).

(10 mmol
1.59) (1.2 equiv.) 3 66% (2.5 g)

i) PACI5(CH3CN); (5 mol%), Li,CO3 (3 equiv.), 1,4-dioxane, 140 °C, 24 h
Scheme 6Application to gram-scale synthesis.



Although the exact mechanism is not completely idated, we can propose a reasonable pathway féadpain-catalyzed direct
heteroarylation of heteroarenes (Figure 3). Base®ang and co-workers repdftthe first step might be an oxidative addition foé t
heteroarylsulfonyl chloride to Pd(ll) to afford ti(IV) intermediatéA. Then, a S@extrusion occurred to afford electrophilic aryl-
palladium(ll) specieB. An electrophilic palladation of thiophene faposition affords the intermediat whereas with pyrroles and
furans, the electrophilic palladation occurredigosition affordinge intermediate. Then, the base assisted the retimatian process
gives the intermediatd3 andF, which undergo reductive elimination to afford thesired arylated products and regenerates thé) Pd(l
catalysts. However, a Pd(0)/P(ll) catalytic cycémnot be excluded.
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Figure 3. Proposed mechanism for palladium-catalyzed de¢atilfé heteroarylation reactions.
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Conclusions

In summary, we have developed a new methodologytHerone-step synthesis of heteroaryl dyads basedatiadium-catalyzed
desulfitative heteroarylation through a C—H bontivation of heteroarenes. We established that Ba#dCL(CH;CN), catalyst in the
presence of LICO; as base in dioxane promotes the desulfitativerbatglation of a variety of heteroarenes such apttenes, furans,
and pyrroles —which is the most reactive substrategh diverse heteroarylsulfonyl chlorides as dogp partners. Thiophene-3-
sulfonyl chloride derivatives generally displayethigh reactivity, while thiophene-2-sulfonyl chide derivatives have been smoothly
reacted only with 1-methylpyrrole. Other heterdswifonyl chlorides containing nitrogen atom havgoabeen successfully used. It is
important to note that with heteroarylsulfonyl afifles, uncommon functionalization at the C3-positmotured with thiophenes.
Moreover, other regioisomers could be obtained gisithlorosulfonylation instead of bromination, asmdestrated with a 1-
phenylpyrazole. In addition, such cross-coupliagctions are very chemoselective as C—Br bonds warmiched allowing iterative
direct arylations for the synthesis of heteroatiglds in only two steps.

Experimental section

General: All reactions were carried out under argon atrhese with standard Schlenk-tube techniques. HPla@eyi,4-dioxane was used and stored
under argon without further purificatiotd NMR spectra were recorded on Bruker GPX (400 MH300 MHz) spectrometer. Chemical shifts (d) were
reported in parts per million relative to residahloroform (7.26 ppm fotH ; 77.0 ppm forC), constants were reported in Heftd. NMR assignment
abbreviations were the following: singlet (s), dut{d), triplet (t), quartet (q), doublet of doetd (dd), doublet of triplets (dt), and multiplet)( **C
NMR spectra were recorded at 100 MHz on the sareetspneter and reported in ppm. All reagents wegigned and handled in air.

Preparation of the PdCI(C;Hs)(dppb) catalyst:*® An oven-dried 40 mL Schlenk tube equipped withagnetic stirring bar under argon atmosphere, was
charged with [Pd(€Hs)Cl]. (182 mg, 0.5 mmol) and dppb (426 mg, 1 mmol). 10ahanhydrous dichloromethane were added, thenstiution was
stirred at room temperature for twenty minutes. Sblgent was removed in vacuum. The powder wag wéthout purification. {P 381 MHz, CDG)) &
=19.3 (s).

General procedure for synthesis of heteroarylated éteroarenes:To a 25 mL oven dried Schlenk tube, heteroarylsiyff@hloride (1-1.2 mmol),
heteroarenes (1-4 mmol),,00; (0.222 g, 3 mmol), 1,4-dioxane (2 mL) and P4CHs;CN), (12.9 mg, 0.05 mmol) were successively added. The



reaction mixture was evacuated by vacuum-argoresy(@ times) and stirred at 140 °C (oil bath tewpee) for 24 h (see tables and schemes). After
cooling the reaction at room temperature and cdnagon, the crude mixture was purified by silicdwnmn chromatography to afford the heteroarylated
heteroarens.

2-(4-Bromo-2,5-dichlorothiophen-3-yl)-1-methylpyrrde (1): 1-Methylpyrrole (0.162 g, 2 mmol) and 4-bromo-2j6hiorothiophene-3-sulfonyl
chloride (0.330 g, 1 mmol) affordsin 81 % (0.252 g) yield.

'H NMR (300 MHz, CDCJ) & (ppm) 6.78 (tJ = 2.3 Hz, 1H), 6.26 (1] = 3.1 Hz, 1H), 6.22 (dd} = 1.9 and 3.6 Hz, 1H), 3.50 (s, 3H).
%C NMR (100 MHz, CDGJ) 5 (ppm) 132.0, 126.6, 123.8, 123.5, 123.0, 114.0,3,107.9, 34.4.
Elemental analysis: calcd (%) foesBrCI,NS (311.02): C 34.76, H 1.94; found: C 34.85, H72.0

2-(4-Bromo-2,5-dichlorothiophen-3-yl)-5-butylfuran (2): 2-n-Butylfuran (0.124 g, 1 mmol) and 4-bromo-2,5-darothiophene-3-sulfonyl chloride
(0.396 g, 1.2 mmol) afforddin 64 % (0.227 g) yield.

H NMR (300 MHz, CDGJ)) 5 (ppm) 6.70 (dJ) = 3.3 Hz, 1H), 6.12 (d] = 3.3 Hz, 1H), 2.69 (1] = 7.6 Hz, 2H), 1.69 (quint] = 7.6 Hz, 2H), 1.41 (sext.,
J=7.6 Hz, 2H), 0.95 (] = 7.6 Hz, 3H).

C NMR (75 MHz, CDCJ) & (ppm) 150.4, 136.5, 122.1, 116.9, 116.3, 105.3,3,19.3, 23.1, 20.8, 15.3, 6.8.
Elemental analysis: calcd (%) fos81,BrCl,OS (354.08): C 40.71, H 3.13; found: C 40.82, H63.3

2-(4-Bromo-2,5-dichlorothiophen-3-yl)-3,6-dimethyl4,5,6,7-tetrahydrobenzofuran  (3): Menthofuran (0.150 g, 1 mmol) and 4-bromo-2,5-
dichlorothiophene-3-sulfonyl chloride (0.396 g, intnol) affords3 in 70% (0.266 g) yield.

H NMR (400 MHz, CDCJ) § (ppm) 2.71 (ddJ = 5.1 and 16.4 Hz, 1H), 2.47-2.33 (m, 2H), 2.208Am, 1H), 2.01-1.97 (m, 1H), 1.90 (s, 3H), 1.8821
(m, 1H), 1.46-1.35 (m, 1H), 1.1 (@= 6.7 Hz, 3H).

%C NMR (100 MHz, CDGJ) § (ppm) 151.7, 138.4, 130.6, 125.9, 123.2, 121.8,3,1112.8, 31.5, 31.2, 29.6, 21.6, 20.2, 9.3.
Elemental analysis: calcd (%) fo#13BrCl,OS (380.12): C 44.24, H 3.45; found: C 44.37, H63.5

1-(5-(4-Bromo-2,5-dichlorothiophen-3-yl)furan-2-ylpropan-2-one  (4): 1-(Furan-2-yl)propan-2-one (0.124 g, 1 mmol) andbrdmo-2,5-
dichlorothiophene-3-sulfonyl chloride (0.396 g, inthol) affords4 in 70% (0.248 g) yield.

'H NMR (400 MHz, CDGJ) & (ppm) 6.75 (dJ = 3.2 Hz, 1H), 6.35 (d] = 3.2 Hz, 1H), 3.77 (s, 2H), 2.22 (s, 3H).
3C NMR (100 MHz, CDGJ) 6 (ppm) 203.6, 148.9, 144.8, 128.6, 124.2, 124.2,711110.4, 109.7, 43.4, 29.4.
Elemental analysis: calcd (%) for:8,BrCl,0,S (354.04): C 37.32, H 1.99; found: C 37.59, H 1.81

2-(2,5-Dichlorothiophen-3-yl)benzofuran (5):Benzofuran (0.118 g, 1 mmol) and 4-bromo-2,5-dicftliophene-3-sulfonyl chloride (0.396 g, 1.2
mmol) affords5 in 42% (0.113 g) yield.

"H NMR (400 MHz, CDGJ) & (ppm) 7.61 (dJ = 7.7 Hz, 1H), 7.5 (d] = 7.7 Hz, 1H), 7.35-7.32 (m, 2H), 7.28-7.23 (m)2H
3C NMR (100 MHz, CDGJ) § (ppm) 153.8, 148.9, 128.7, 128.3, 127.1, 125.5,04,2123.2, 122.5, 121.3, 111.2, 104.8.
Elemental analysis: calcd (%) forHsCl,OS (269.14): C 53.55, H 2.25; found: C 53.81, H/2.3

3-(4-Bromo-2,5-dichlorothiophen-3-yl)benzdj]thiophene (6): Benzothiophene (0.134 g, 1 mmol) and 4-bromo-2¢chidrothiophene-3-sulfonyl
chloride (0.396 g, 1.2 mmol) afforésin 47% (0.171 g) yield.

'H NMR (400 MHz, CDGJ) & (ppm) 7.94-7.91 (m, 1H), 7.55-7.51 (m, 1H), 7.491H), 7.41 (qJ = 5.3 Hz, 2H).
%C NMR (100 MHz, CDGJ) § (ppm) 139.6, 137.4, 133.5, 128.1, 128.1, 128.8,7,2124.4, 123.6, 123.2, 122.8, 112.8.
Elemental analysis: calcd (%) foiHsBrCl,S, (364.10): C 39.59, H 1.38; found: C 39.79, H 1.12.

2-(2,5-Dichlorothiophen-3-yl)-1-methylpyrrole (7): 1-Methylpyrrole (0.162 g, 2 mmol) and 2,5-dichldriophene-3-sulfonyl chloride (0.251 g, 1
mmol) affords7 in 51% (0.118 g) yield.

H NMR (400 MHz, CDCJ) & (ppm) 6.79 (s, 1H), 6.73 (dd,= 1.8 and 3.1 Hz, 1H), 6.27 (d#i= 1.8 and 3.1 Hz, 1H), 6.22 = 3.1 Hz, 1H), 3.59 (s,
3H).

3C NMR (100 MHz, CDGJ) § (ppm) 130.8, 127.9, 126.1, 125.1, 124.1, 123.8,8,1107.9, 34.8.
Elemental analysis: calcd (%) foetCI,NS (232.12): C 46.57, H 3.04; found: C 46.71, H23.3

2-(2,5-Dimethylthiophen-3-yl)-1-methylpyrrole (9): 1-Methylpyrrole (0.162 g, 2 mmol) and 2,5-dimethjdphene-3-sulfonyl chloride (0.211 g, 1
mmol) affords9 in 36% (0.069 g) yield.



4 NMR (400 MHz, CDCJ) § (ppm) 6.68 (1) = 2.3 Hz, 1H), 6.58 (s, 1H), 6.19 §i= 3.1 Hz, 1H), 6.07 (dd] = 1.7 and 3.5 Hz, 1H), 5.52 (s, 3H), 2.44
(s, 3H), 2.33 (s, 3H).

*C NMR (100 MHz, CDGJ) 8 (ppm) 135.2, 134.8, 129.8, 128.8, 127.4, 122.0,0,0107.3, 34.5, 15.3, 14.0.
Elemental analysis: calcd (%) for#813NS (191.29): C 69.07, H 6.85; found: C 69.33, H567.0

Methyl 3-(1-methylpyrrol-2-yl)thiophene-2-carboxylate (10): 1-Methylpyrrole (0.162 g, 2 mmol) and methyl 3-@tdsulfonyl)thiophene-2-
carboxylate (0.241 g, 1 mmol) afforfisn 79% (0.175 g) yield.

H NMR (400 MHz, CDC}) § (ppm) 7.51 (dJ = 5.1 Hz, 1H), 7.07 (d] = 5.1 Hz, 1H), 6.77 (1) = 2.3 Hz, 1H), 6.23-6.21 (m, 2H), 3.81 (s, 3HNSB(s,
3H).

%C NMR (100 MHz, CDGJ) § (ppm) 162.0, 139.5, 132.2, 131.9, 130.0, 128.7,3,2123.2, 109.6, 107.5, 52.0, 34.4.
Elemental analysis: calcd (%) for#1:NO,S (221.27): C 59.71, H 5.01; found: C 59.87, H 5.28

Methyl 3-(5-butylfuran-2-yl)thiophene-2-carboxylate (11): 2-n-Butylfuran (0.124 g, 1 mmol) and methyl 3-(chisutfonyl)thiophene-2-carboxylate
(0.289 g, 1.2 mmol) affordkl in 66% (0.174 g) yield.

4 NMR (400 MHz, CDCJ) § (ppm) 7.53 (dJ) = 5.3 Hz, 1H), 7.48 (d] = 3.3 Hz, 1H), 7.44 (d] = 5.3 Hz, 1H), 6.12 (d] = 3.1 Hz, 1H), 3.88 (s, 3H),
2.68 (t,J = 7.5 Hz, 2H), 1.67 (quintd, = 7.5 Hz, 2H), 1.41 (sext),= 7.5 Hz, 2H), 0.95 (1] = 7.5 Hz, 3H).

*C NMR (100 MHz, CDGJ) 3 (ppm) 162.4, 156.8, 147.3, 137.2, 130.1, 128.8,82113.9, 107.5, 52.0, 30.2, 27.9, 22.3, 13.9.
Elemental analysis: calcd (%) for#1605S (264.34): C 63.61, H 6.10; found: C 63.85, H 6.27

Methyl  3-(5-(2-oxopropyl)furan-2-yl)thiophene-2-caboxylate  (12): 1-(Furan-2-yl)propan-2-one (0.124 g, 1 mmol) and thyle 3-
(chlorosulfonyl)thiophene-2-carboxylate (0.289 @ ihmol) affordsl2 in 53% (0.140 g) yield.

'H NMR (400 MHz, CDCJ) & (ppm) 7.53-7.47 (m, 2H), 7.46-7.42 (m, 1H), 6.83)(= 2.9 Hz, 1H), 3.87 (s, 3H), 3.75 (s, 2H), 2.193(4).
%C NMR (75 MHz, CDCJ) & (ppm) 203.5, 162.2, 148.7, 148.1, 136.4, 130.8,5,2123.9, 113.9, 110.8, 52.0, 43.4, 29.1.
Elemental analysis: calcd (%) for#1,0,S (264.30): C 59.08, H 4.58; found: C 59.26, H 4.81

Methyl 3-(3,6-dimethyl-4,5,6,7-tetrahydrobenzofuran2-yl)thiophene-2-carboxylate (13): Menthofuran (0.150 g, 1 mmol) and methyl 3-
(chlorosulfonyl)thiophene-2-carboxylate (0.289 & finmol) affordsl3in 65% (0.189g) yield.

'H NMR (400 MHz, CDGJ)) § (ppm) 7.46 (dJ = 5.1 Hz, 1H), 7.17 (d) = 5.1 Hz, 1H), 3.84 (s, 3H), 2.71 (dii= 5.4 and 16.5 Hz, 1H), 2.49-2.33 (m,
2H), 2.27-2.19 (M, 1H), 2.00-1.93 (M, 1H), 1.913(d), 1.90-1.82 (m, 1H), 1.46-1.44 (m, 1H), 1.11¢; 6.6 Hz, 3H)

*C NMR (75 MHz, CDCJ) & (ppm) 162.1, 150.6, 142.0, 137.2, 130.2, 129.6,5,2119.9, 119.2, 52.0, 31.4, 31.3, 29.6, 21.62,208.
Elemental analysis: calcd (%) ford1505S (290.38): C 66.18, H 6.25; found: C 66.42, H 6.39

Methyl 3-(benzofuran-2-yl)thiophene-2-carboxylate 14): Benzofuran (0.118 g, 1 mmol) and methyl 3-(chlaifmsyl)thiophene-2-carboxylate (0.289
g, 1.2 mmol) afford44in 62% (0.1609) yield.

4 NMR (400 MHz, CDC)) § (ppm) 7.97 (dJ = 1.0 Hz, 1H), 7.74 (d] = 5.3 Hz, 1H), 7.65 (dd] = 1.4 and 7.7 Hz, 1H), 7.53 @z 5.4 Hz, 1H), 7.50-
7.49 (m, 1H), 7.33 (ddd, = 1.5, 7.1 and 8.2 Hz, 1H), 7.28-7.22 (m, 1H)338 3H).

%C NMR (75 MHz, CDCJ) & (ppm) 162.1, 154.3, 150.2, 136.4, 130.3, 129.9,2,2126.5, 125.2, 122.9, 121.8, 111.0, 108.8,.52.2
Elemental analysis: calcd (%) for#1005S (258.29): C 65.10, H 3.90; found: C 65.31, H 4.17

1-Methyl-2-(thiophen-2-yl)pyrrole (15): 1-Methylpyrrole (0.162 g, 2 mmol) and thiophenet®enyl chloride (0.182 g, 1 mmol) affordss in 42%
(0.069 g) yield.

H NMR (400 MHz, CDCJ) § (ppm) 7.25 (dJ = 5.1 Hz, 1H), 7.06 (dd] = 3.8 and 5.1 Hz, 1H), 7.02 (@= 3.8 Hz, 1H), 6.72-6.68 (m, 1H), 6.35-6.30
(m, 1H), 6.16 () = 4.0 Hz, 1H), 3.71 (s, 3H).

This is a known compound and the spectral datédargical to those reported in literatuife.

1-Methyl-2-(5-methylthiophen-2-yl)pyrrole (16): 1-Methylpyrrole (0.162 g, 2 mmol) and 5-methylthieme-2-sulfonyl chloride (0.182 g, 1 mmol)
affords16in 46% (0.082 g) yield.

H NMR (400 MHz, DMSQ#d-6) 5 (ppm) 6.90 (s, 1H), 6.82 (s, 1H), 6.81 (s, 1H}46(s, 1H), 6.01 (s, 1H), 3.66 (s, 3H), 2.43 (s).3H
This is a known compound and the spectral datidargical to those reported in literatifte.

2-(5-Chlorothiophen-2-yl)-1-methylpyrrole (17): 1-Methylpyrrole (0.162 g, 2 mmol) and 5-chlorothigme-2-sulfonyl chloride (0.217 g, 1 mmol)



affords17in 55% (0.109 g) yield.

IH NMR (400 MHz, CDCJ) & (ppm) 7.45 (dJ = 4.1 Hz, 1H), 7.03 (dd] = 1.6 and 3.8 Hz, 1H), 6.93 (@= 4.1 Hz, 1H), 6.83 (0 = 2.3 Hz, 1H), 6.21
(dd,J = 2.6 and 4.1 Hz, 1H), 3.83 (s, 3H).

3C NMR (100 MHz, CDGJ) § (ppm) 142.1, 138.6, 131.6, 130.2, 128.1, 127.0,01,1108.7, 35.8.
Elemental analysis: calcd (%) foesCINS (197.68): C 54.68, H 4.08; found: C 54.89,.B33

2-(5-Bromothiophen-2-yl)-1-methylpyrrole (18): 1-Methylpyrrole (0.162 g, 2 mmol) and 5-bromothiepk-2-sulfonyl chloride (0.217 g, 1 mmol)
affords18in 48% (0.116 g) yield.

H NMR (400 MHz, CDCJ) § (ppm) 7.39 (dJ = 4.0 Hz, 1H), 7.04 (d] = 4.0 Hz, 1H), 7.01 (dd] = 1.9 and 4.1 Hz, 1H), 6.81 (= 2.3 Hz, 1H), 6.19
(dd,J = 2.6 and 4.1 Hz, 1H), 3.80 (s, 3H).

%C NMR (100 MHz, CDGJ) 5 (ppm) 145.2, 132.3, 130.6, 130.2, 128.1, 121.9,0,1108.7, 35.8.
Elemental analysis: calcd (%) foelsBrNS (242.13): C 44.64, H 3.33; found: C 44.97,.8H23

1-Benzyl-2-(5-chlorothiophen-2-yl)pyrrole (19) 1-Benzylpyrrole (0.314 g, 2 mmol) and 5-bromofifiene-2-sulfonyl chloride (0.217 g, 1 mmol)
affords19in 62% (0.169 g) yield.

H NMR (400 MHz, CDC)) § (ppm) 7.41-7.26 (m, 5H), 7.1 (d= 7.9 Hz, 2H), 6.63 (t] = 2.6 Hz, 1H), 6.14 (1) = 3.4 Hz, 1H), 6.10-6.08 (m, 1H), 5.09
(s, 2H).

3C NMR (100 MHz, CDGJ) § (ppm) 137.4, 136.6, 134.2, 128.9, 128.7, 128.6,8,2126.6, 120.7, 108.3, 106.9, 106.7, 50.3.
Elemental analysis: calcd (%) for8;,CINS (273.78): C 65.81, H 4.42; found: C 66.07,.Bl14

1,2-Dimethyl-3-(thiophen-2-yl)-indole (21):1,2-Dimethylindole (0.290 g, 2 mmol) and thioph&asulfonyl chloride (0.182 g, 1 mmol) affor@4 in
37% (0.084 g) yield.

H NMR (400 MHz, CDCJ) § (ppm) 7.80 (dJ = 7.8 Hz, 1H), 7.27-7.35 (m, 2H), 7.22 (ddds 0.9, 7.1 and 8.0 Hz, 1H), 7.11-7.18 (m, 2H), 1d9,J =
0.9 and 3.7 Hz, 1H), 3.73 (s, 3H), 2.56 (s, 3H).

This is a known compound and the spectral datidargical to those reported in literatiffe.

3-(1-Methylpyrrol-2-yl)pyridine (22): 1-Methylpyrrole (0.162 g, 2 mmol) and pyridine-3feayl chloride (0.178 g, 1 mmol) afford? in 31% (0.049
g) yield.

H NMR (400 MHz, DMSO¢k) & (ppm) 8.66-8.65 (m, 1H), 8.48-8.47 (m, 1H), 7.8857(m, 1H), 7.45-7.42 (m, 1H), 6.91-6.90 (m, 16{28-6.26 (m,
1H), 6.11-6.08 (M, 1H), 3.66 (s, 3H)

This is a known compound and the spectral datidergical to those reported in literatifte.

3-(5-Butylfuran-2-yl)pyridine (23): 2-n-Butylfuran (0.186 g, 1.5 mmol) and pyridine-3-sui§/l chloride (0.178 g, 1 mmol) affor@8 in 12% (0.024 g)
yield.

IH NMR (400 MHz, CDC}) & (ppm) 8.88 (m, 1H), 8.49 (m, 1H), 7.85 (t= 7.4 Hz, 1H), 7.25 (m, 1H), 6.62 (@= 3.2 Hz, 1H), 6.07 (d] = 3.2 Hz,
1H), 2.68 (t,J = 7.4 Hz, 2H), 1.67 (quintd = 7.4 Hz, 2H), 1.42 (m, 2H), 0.91 &= 7.4 Hz, 3H).

This is a known compound and the spectral datidargical to those reported in literatiffe.

Methyl 1,1'-dimethyl-1H,1'H-[2,2'-bipyrrole]-5-carboxylate (24): 1-Methylpyrrole (0.162 g, 2 mmol) and methyl 5-@idsulfonyl)-1-methylpyrrole-
2-carboxylate (0.238 g, 1 mmol) afforé4in 69% (0.151 g) yield.

'H NMR (400 MHz, CDCJ) 5 (ppm) 6.99 (d,) = 2.0 Hz, 1H), 6.85 (d] = 1.8 Hz, 1H), 6.64 (J = 2.0 Hz, 1H), 6.13 (d] = 2.2 Hz, 2H), 3.95 (s, 3H),
3.83 (s, 3H), 3.67 (s, 3H).

3C NMR (100 MHz, CDGJ) 8 (ppm) 130.1, 128.1, 127.6, 122.5, 120.3, 116.8,9,1107.4, 107.2, 51.1, 36.8, 35.0.

Elemental analysis: calcd (%) forH14N,0; (218.26): C 66.04, H 6.47; found: C 66.14, H 6.63.

4-(3-Methylpyrazol-1-yl)benzenesulfonyl chloride (B): To a solution of chlorosulfuric acid (5 mL) in GEl; (5 mL) a solution of 3-methyl-1-
phenylpyrazol€1.58 g, 10 mmol) in CkCl, (5 mL) was slowly added at 0 °C, then the resultimgture was warm-up to room temperate and stirred
during 16 h. Then, the crude mixture was pouraderand the solid was collected by filtration &beds 26 in 89% (2.28 g) yield.

H NMR (400 MHz, CDCJ) § (ppm) 8.01 (d,J = 8.9 Hz, 2H), 7.91 (s, 1H), 7.84 (Bi= 8.9 Hz, 2H), 6.32 (s, 1H), 2.35 (s, 3H).

3-Methyl-1-(4-(1-methylpyrrol-2-yl)phenyl)pyrazole (27): 1-Methylpyrrole (0.162 g, 2 mmol) and 4-(3-methylazol-1-yl)benzenesulfonyl chloride
(0.257 g, 1 mmol) afford®7in 72% (0.171 g) yield.



4 NMR (400 MHz, CDCJ) § (ppm) 7.83 (d)J = 2.5 Hz, 1H), 7.69 (d] = 8.6 Hz, 2H), 7.47 (d] = 8.6 Hz, 2H), 6.74 (1) = 2.3 Hz, 1H), 6.28-6.26 (m,
2H), 6.23 (tJ = 3.0 Hz, 1H), 3.68 (s, 3H), 2.41 (s, 3H).

*C NMR (100 MHz, CDGJ) 3 (ppm) 150.5, 138.7, 133.6, 131.0, 129.4, 127.3,82118.7, 108.7, 107.8, 107.6, 35.0, 13.7.
Elemental analysis: calcd (%) fors815N3 (237.31): C 75.92, H 6.37; found: C 76.14, H 6.59.

3-Methyl-1-(4-(5-methylthiophen-3-yl)phenyl)pyrazok (28): 2-Methylthiophene (0.196 g, 2 mmol) and 4-(3-matlyhzol-1-yl)benzenesulfonyl
chloride (0.257 g, 1 mmol) affor@8in 63% (0.160 g) yield.

H NMR (400 MHz, CDCJ)  (ppm) 7.82 (dJ = 2.5 Hz, 1H), 7.66 (d] = 8.5 Hz, 2H), 7.61 (d] = 8.5 Hz, 2H), 7.21 (d] = 1.5 Hz, 1H), 7.07 (s, 1H),
6.26 (d,J = 2.4 Hz, 1H), 2.54 (s, 3H), 2.39 (s, 3H).

%C NMR (100 MHz, CDGJ) § (ppm) 150.6, 141.1, 140.8, 138.8, 134.0, 127.7,1,2124.5, 119.1, 118.0, 107.6, 15.5, 13.7.
Elemental analysis: calcd (%) for814N.S (254.09): C 70.83, H 5.55; found: C 71.12, H5.41

2-Ethyl-4-methyl-5-(5-(1-methylpyrrol-2-yl)thiophen-2-yl)thiazole (29): 2-(5-Bromothiophen-2-yl)-1-methylpyrrole (0.242 f, mmol), 2-ethyl-4-
methylthiazole (0.191 g, 1.5 mmol), KOAc (0.1942gmmol) and PdCI(€Hs)(dppb) (12.1 mg, 0.02 mmol), were dissolved in DNBAML) under an
argon atmosphere. The reaction mixture was statetb0 °C for 16 h. After evaporation of the solyeéhe product was purified by silica gel column
chromatography to affor@9in 78% (0.225 g) yield.

4 NMR (400 MHz, CDGJ) § (ppm) 7.02 (d)J = 3.8 Hz, 1H), 6.96 (d] = 3.8 Hz, 1H), 6.73-6.70 (m, 1H), 6.36 (dds 1.4 and 3.0 Hz, 1H), 6.17 &=
3.0 Hz, 1H), 3.75 (s, 3H), 2.98 @ 7.6 Hz, 2H), 2.57 (s, 3H), 1.40 3tz 7.6 Hz, 3H).

This is a known compound and the spectral datédargical to those reported in literatufe.

2-Isobutyl-5-(5-(1-methylpyrrol-2-yl)thiophen-2-yl)thiazole (30): 2-(5-Bromothiophen-2-yl)-1-methylpyrrole (0.242 @, mmol), 2-isobutylthiazole
(0.212 g, 1.5 mmol), KOAc (0.194 g, 2 mmol) and K@eHs)(dppb) (12.1 mg, 0.02 mmol), were dissolved in DBAML) under an argon atmosphere.
The reaction mixture was stirred at 150 °C for 16\fter evaporation of the solvent, the product wasified by silica gel column chromatography to
afford 30in 81% (0.248 g) yield.

H NMR (400 MHz, CDCJ) § (ppm) 7.70 (s, 1H), 7.07 (d,= 3.7 Hz, 1H), 6.92 (d] = 3.7 Hz, 1H), 6.71 (ddl = 1.9 and 2.7 Hz, 1H), 6.36 (dii= 1.9
and 3.7 Hz, 1H), 6.17 (dd,= 2.7 and 3.7 Hz, 1H), 3.75 (s, 3H), 2.87J&, 7.2 Hz, 2H), 2.18-2.08 (m, 1H), 1.02 (5 6.7 Hz, 6H)

%C NMR (100 MHz, CDGJ) 3 (ppm) 169.1, 137.5, 135.0, 132.1, 131.7, 126.6,8,2125.1, 124.6, 110.4, 108.2, 42.4, 35.4, Z2SB.

Elemental analysis: calcd (%) ford1sN,S; (302.45): C 63.54, H 6.00; found: C 63.82, H 5.79.
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