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Visible-light (Blue LED lamp: k = 42515 nm) photocatalyzed cross-coupling reactions of

arylsulfonyl chloride with N-methylpyrrole, furahiophene and their derivatives have been

achieved in moderate to good yields at room tentpeza A plausible mechanism has been

proposed for the reaction. The arylation takesepktcthe €H bond (G—-H or G—H) next to the

heteroatom with a high regioselective manner! Meeeparylsulfonyl chlorides utilized in this

study are inexpensive, environmentally benign agldtively more stable towards temperature,

moisture and air as compared to diazonium saltgnally used as coupling partners in the

previously reported methods for the synthesis ofterdobiaryls through visible-light
photocatalyzed conditions.



I ntroduction

The visible-light-induced organic transformationgveloped by groups of MacMilldn,
Stephensof,Yoor? and many othefshave been demonstrated as one of the most povtedis|
for the construction of carbon-carbon and carbaereatom bonds in syntheses. Significant
energy efficiency, simple setup and mild reactionditions are important features of this class
of reactions:* Moreover, photoredox catalyzed reactions have bémmd numerous
applications in both industries and academics lier reparations of natural produttdrug$
and functional materials.All of the visible-light-induced formations of dsgryl and aryl-
heteroaryl bonds, known in time, have normally beealized utilizing aryl-/heteroaryl
diazonium salts as a coupling parthiéiFor example, Konig and co-workérecently described

a visible-light-promoted eosin Y catalyzed directHCarylation of furans, thiophenes ahd
Boc-pyrroles with different aryl diazonium salts asaryl radical source. Although diazonium
salts have been found very useful coupling partteefford bi- and polyaryls, they suffer from
several disadvantages including unstable at amisi@mditions, explosive in nature, cannot be
stored for longer periods of time even at low terapges, expensive and being functionalized
are not commercially availabl As a consequence, the extension of visible-lightsted cross-
coupling reactions utilizing readily available ardvironmentally benign aryl germ is highly
desirable.

Arylsulfonyl halides* in particular arylsulfonyl chlorides, are biocortipte, relatively cheap,
can be stored for longer periods of time under amtteonditions, wide variety of derivatives are
commercially available, provide only gaseous bydpieis (SQ and HCI) and widely applicable
as electrophilic aryl partners in conventional &iion metal-catalyzed cross-coupling
reaction$” to synthesize unsaturated carbonyl compoundspxeglib acids, polyarenes, biaryls
and heterobiaryl&" However, only few instances have hitherto beepntepl on the visible-light
photocatalyzed synthesis of biaryls or polyarylsngsarylsulfonyl chlorides as a coupling
partner® For examples, Li and co-workétseported the sequential arylation of alkynes and
carbocyclization with benzylic C-H bonds using atyfonyl chlorides as aryl radical precursors.
The same grodp also described a synthesis of functionalized 10djhydro-10H-
benzo[b]fluorenes through tandem cyclization of-dngnes with arylsulfonyl chlorides under

visible-light-promoted conditions. In these case$;™® authors proposed that single electron
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transfer (SET) from the excited-state photo-catalgsarylsulfonyl chlorides provides an aryl

radical (vide infra) that subsequently reacts witisaturated compounds to yield the products.

Herein, we demonstrate a novel protocol for theparations of 2-aryl N-methylpyrrole, furan,
thiophene and their derivatives from arylsulfonfllarides and corresponding heteroarenes in
the presence of 3 mol% of [Ru(bp)l. under visible-light (Blue LED lamp:vh= 42515 nm)
irradiation conditions, cf. Scheme 1. Moreover)aupible mechanism has been proposed for the
coupling reaction (vide infra). Although syntheefsheterobiaryls using aryl diazonium salts as
aryl radical source has been repoftédhe arylsulfonyl chlorides employed synthesis afrgl

N-methylpyrrole, furan, thiophene and their derivas is not realized yet.

o0 0 hv (A =425% 15 nm)

R Ny [Ru(bpy)s]Clp (3 mol%)  R7: \
<X\> + CI/S\© PY)sl2 - S LR
N

=\=

4R Na,COs, CH4CN, rt —

010
HC AS 12h (52-91%) AH X=NCH3 O, S

R = various substituents

Scheme 1. Visible-light-induced desulfonylative coupling afylsulfonyl chlorides with five
membered heteroarenes reported in this work.

Results and Discussion
At the outset of this investigation, the reacti@mditions were optimized for the C-H arylation
of N-methylpyrrole HC1, 1.0 equiv.) withp-toluenesulfonyl chlorideAS1, 1.0 equiv.) in the
presence of BCO; (1.0 equiv.), fluorescent light irradiation andr®I|% of [Ru(bpy}]Cl. as a
photoredox catalyst in Gigl, at room temperature. After about 24 h, the desietyl-N-
methylpyrrole AH1) was obtained in 23% yield (Table 1 and Entry Hjcouraged by this
initial result, a series of trial experiments weerformed to optimize the influences of radiation
source, solvents, base and catalyst quantity ®iptioposed reaction (Scheme 1). Interestingly,
the yield ofAH1 enhanced to 39% when the reaction was performédSW blue LED lights
(hv = 42515 nm, Table 1 and Entry 2). In contrast, the ygidAH1 was lowered to 10-20%
when reaction was irradiated with either 5W gre&mblights or ambient lights (Table 1, Entries
3 and 4). However, no product was detected in biserece of the light source (Table 1 and Entry
5). Afterwards, the influence of solvents on theanfation of AH1 was explored. The
investigation revealed that GEIN was the most effective medium to promote thetrea with
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78% yield (Table 1 and Entry 6). While the use thiep solvents such as hexane, heptane, diethyl
ether, glyme and CHglresulted in lower yields (Table 1 and Entries J-&ten after 24 h of
irradiation. A maximum yield oAH1 in CH;CN may be due to the greater solubility of both the
catalyst and substrates in that medium. We thent wanto study the effect of base on the
reaction (Scheme 1). Indeed, a better yielAHflL was obtained when NaO; was used (Table

1 and Entry 12). Nevertheless, other inorganicioigaases including kCOs;, NaHCQ,
NaOAc, NaOH, KCGQO;, t-BuOK, CsCO; and EtN afforded moderate to low yields of the
desired product (Table 1 and Entries 13-19). HeiNaCO; was selected as a base for the
transformation outlined in Scheme 1. Moreover, mation of amount of N&O; revealed that
the excess base decreased the product yield (Thkd@d Entries 20-21), which perhaps
attributed to the direct reaction of a base wiL.'! The influence of quantity of catalyst on the
product yield was also investigated. An increasthéncatalyst amount from 3 mol% to 5 mol%,
the reaction time was obviously shortened with 9vigéd of AH1 (Table 1 and Entry 22).
Further increase in the catalyst amount showedpraf effect on neither in reaction time nor in
yield of the desired product (Table 1 and Entry. 28)wever, no product was observed in the
absence of catalyst [Ru(bp}l, (Table 1 and Entry 24). Subsequently, we investgjahe
influence of atmosphere on the reaction. Undgrtke yield ofAH1 decreased to 28%, whereas
under N/Ar atmosphere the product yield increased up t84% (Table 1, Entries 12 and 22).
Thus, the combinations of 3 mol% of [Ru(bg@l», 1 equiv. of NaCO; and 5W blue LED light

in CH3CN at room temperature for 12 h are the optimaldgans for this transformation, cf.

Scheme 1°

Table 1. Selected results of screening the optimal coowltifor the photocatalytic cross-
coupling ofp-toluenesulfonyl chlorideAS1) with N-methylpyrrole HC1)?

visible-light
[Ru(bpy)sICl;  H,C 4
H3C~©—sozcl vy ITTEETE T N'
N base, solvent !
CH,
AS1 HC1 AH1
Entry Solven? Base’ Time (h)  Yield (%)
1 CH.Cl, K.CGO3 24 23
2 CH,Cl, K,CO;s 24 39



3 CHCl, K,COs 24 20
4 CHCl, K,COs 24 <g
5 CHCl, K,COs 24 ¢
6 CHCN K,CO;3 12 78
7 hexan: K-.CQ3 24 <5
8 heptane KCOs 24 <5
9 diethyl ether  KCO;s 24 <10
1C glyme K2CGs 24 =20
11 CHC} K,COs 24 =20
12 CHCN NaCO; 12 92
13 CHCN Li,COs 24 44
14 CHCN NaHCQ 24 53
15 CHCN NaOAc 24 13
16 CHsCN NaOH 24 <5
17 CHCN t-BUOK 24 <10
18 CHCN CsCO; 24 <5
19 C H3C N (C H3C H2)3N 24 <1C
20 CHCN Na&CO; 12 83
21 CHCN NaCO; 12 61
22 CHCN NaCOs 7 94
23 CHCN NaCO; 7 9%
24 CHCN NaCO; 48 d
25 CHsCN Na,COs 24 28"

& Unless stated otherwise all reactions were pedrin a Schlenk tube with 1.0 equiv.H€1,
1.0 equiv. ofAS]1, 1.0 equiv. of base and 3 mol% of [Ru(bf€). in dry solvent under inert
atmosphere with the irradiation of a visible-ligiource.

b Solvents and bases were rigorously purified foilmthe methods described in reference 17.
¢ Isolated yields.

45W blue LED lamp, Y1 = 425:15 nm, used.

®5W green LED lamp,\h= 5355 nm, used.

" 15W ambient lamp used.

9no irradiation source used.

" 1.5 mmol of NaCO; used

' 2.0 mmol of NaCO; used

1'5.0 mol% of [Ru(bpy)Cl, used

k10 mol% of [Ru(bpyj|Cl, used

" no catalyst, [Ru(bpy)Cl», used

™ Reaction performed under@tmosphere

Under the optimized conditions (Table 1), the su#tstscope of the transformation (Scheme 1)
was investigated. The reaction between N-methypgrr(HC1) and various arylsulfonyl
chlorides AS2-AS13) was looked at first and the results are summarizelable 2. Notice that



the reaction was significantly affected by the &lauc effects of substituents in the arylsulfonyl
chlorides. The arylsulfonyl chloridesA$fl, AS3, A4, AS5 and AS13) bearing electron-
donating groups showed slightly lower yields thaose bearing electron-deficient groups (Cl,
Br, NO,, and COOCH): probably due to the higher reduction potentidl&atter precursors: In
addition, a strong dependence on the position efstibstituents was observed, cf. Table 2 and
Entries 2, 4, 5, 9, 10 and 11. For example, theti@awith para-methyl substituted arylsulfonyl
chloride afforded higher yields than those artho-methyl substituted arylsulfonyl chloride
(Tables 1 and 2). This is likely attributed to teieric hindrance of thertho-functionalized
arylsulfonyl chlorides AS3, AS10, AS11 and AS12) as similar findings have been well
documented in the literatur&s.*? Thus, a wide range of electronically and strudiyrdiverse
arylsulfonyl chlorides and N-methylpyrrole can b®ss-coupled efficiently with moderate to
good vyields of desired products, cf. Tables 1 anth2addition, this transformation has been
found compatible to various functional groups iddhg chloro, bromo, nitro and carboxylate

groups that generally advantageous for furthertfanalization.

Table 2. Direct C-H arylation of N-methylpyrroleH(C1) with different arylsulfonyl chlorides
(AS)®

blue LED lamp
Ru(bpy)s]Cly (3 mol%
( ) + Arsosc [Ru(bpy)s]Cl, (3 mol%) @\Ar
NazCO3 CH3CN rt N
CH3 CH,4
HC1 AS AH
Entry Ar° Substrate Product  Yield ®
(%)
1 @ AS2 AH2 83
2 H3C
@ AS3 AH3 64
3 < > OCH, AHA AH4 72
4 OCHj
AS5 AH5 67

s

OCHs



a1
w
=

@ ASG AH6 82
6 O N AST7 AH7 86
7 C cooCH, AS8 AH8 89
8 Q NG, AS9 AH9 78

9 O;N
@ ASI0  AHI0 69

10 H3C
C AS11 AH11 67

NO,

11 AS12 AH12 70
12 AS13 AH13 73

5

& Unless stated otherwise all reactions were pedrin a Schlenk tube with 1.0 equiv.H€1,
1.0 equiv. ofAS, 1.0 equiv. of N2COs; and 3 mol% of [Ru(bpy)Cl, in dry CHCN under the
irradiation of 5W blue LED lamp,\h= 42515 nm at room temperature for 12 h.

b Arylsulfonyl chlorides were distilled prior to usé

¢ All products were characterized byt and**C NMR spectroscopy (Supporting Information) in
comparison with known compounds from literatureadat

9 |solated yield was calculated based on N-methytper

Next, we varied the substituents on the N-methytggr Moreover, the direct arylation of other
readily available five membered heteroarenes sadhran, thiophene and their derivatives were
also examined (Table 3). Unsurprisingly, the desi@eH arylated products were obtained in
moderate to good yields (Table 3) regardless ofherocyclic groups under the optimized
reaction conditions (Table 1). In fact, this is aotommon feature with aryl diazonium siita
well-known coupling partner used in the synthedidheterobiaryls under photocatalyzed and
palladium mediated reactiof®.In general, the conventional transition metaldyated direct
desulfitative arylation reactions happen at elevatemperatures (110-150C) and afford
diarylated products most oftéh.We also observed an unprecedented selectivity thier

arylation, i.e., the C—H bond ¢€H or G—-H) next to the heteroatom was arylated with a high
7



selectivity for all of the heteroarenes examinedb(€ 3). This regioselective arylation is a result
of resonance stabilization of intermediate radgeherated by coupling of the aryl radical with

an electron-rich heterocycle, vide infra. Thus, @hdsulfonyl chlorides may be used as arylating
reagents for the synthesis of 2-aryl N-methylpyrdliran, thiophene and their derivatives under

visible-light photocatalyzedonditions.

Table 3. Direct G-H arylation of various five-memberetleteroarenes with arylsulfonyl
chlorides®

SO.CI
R-& N [Ru(bpy)3]Cl2 3m0l%) R\
X = Na,COj;, CH;CN \ /
blue LED lamp, rt
HC AS AH  X=NCH3; 0,S
OCH,
AH14 (76%) AH15(79% AH16 (56%)
O\QOCHs O\Q /O\Q
AH17 (69%) AH18 (74%) AH19 (69%)
HSCOOC
AH20 (52%) AH21 (72%) AH22 (78%)
AH23 (88%) AH24 (73%) AH25 (61%)

@ Unless stated otherwise all reactions were peddrin a Schlenk tube with 1.0 equiv.eC,
1.0 equiv. ofAS, 1.0 equiv. of NgCOs; and 3 mol% of [Ru(bpy)Cl, in dry CHCN under the
irradiation of 5W blue LED lamp,\h= 42515 nm at room temperature for 12 h.



The C-H arylation reported here seems to proceesuigh a radical pathwdy.Because the
irradiation of p-tolylsulfonyl chloride in the presence of 2,2,6eramethylpiperidine-1-oxyl
(TEMPO, a radical trap) leads #wyl-TEM PO adduct in 26% vyield (Supporting Information).
Likewise, addition of TEMPO to the photocatalytgaction ofAS1 with HC1 suppressed the
arylation process significanthAH1 wasobtained only about 17% yield). On the basis o¢he
results and literature reporté?***°a plausible mechanism for the arylation of fimembered
heteroarenes has been proposed in Scheme 2. Bd@iion of [Ru(bpy]Cl, with a visible
light promotes metal-to-ligand charge transfer getreg a photoexcited *[Ru(bpyCl.. A
single electron transfer from the excited *[Ru(k§@). species to the arylsulfonyl chloride
affords [Ru(bpyj|Cl; and the phenyl radicall( Scheme 2) by extrusion of gC.****8The
coupling of the phenyl radical with an electrorfritieterocycle to give a new radical
intermediate Z) that subsequently transformed into a carbocatitermediate §, Scheme 2) by
oxidation by the [Ru(bpy)Cls; (parent [Ru(bpy]Cl, catalyst is regenerated). The unstable
carbocation intermediat8)(then undergoes deprotonation to give the desiegdrobiaryl and
hydrogen chloride, cf. Scheme 2. The base,Q@) employed in the reaction neutralizes the

hydrogen chloride generated as a byproduct indhetion.

RC Y &
Rulbpy)lCl,  RI

0.5 Na,CO4 0.5 CO, + 0.5 H,0 + NaCl

. J




Scheme 2. A plausible mechanism for the visible-light-in@dlc desulfonylative coupling of
arylsulfonyl chlorides with fivenembered heteroarenes. SET, single electron transfe

As mentioned at the outset, arylsulfonyl halidesehaeveral advantages over aryldiazonium
salts in view of both economic and environmentandpoints. Moreover, heterobiaryls are
highly important structural motifs frequently fouird natural products, pharmaceuticals (Figure
1) and functional materialS.Thus, we believe that results reported here witl & bright future
in industrial applications for the direct-8 arylation of heteroarenes to synthesize heterglsia

and heteropolyaryls.

Leukadherin

Figure 1. Few selected drug molecules containing hetergbgraffold that is shown with a
circle.

Conclusion

In summary, a visible-light photocatalyzed direatsdlfitative arylation of electron-rich
heteroarenes with arylsulfonyl chlorides is desaib The method tolerates a variety of
functional groups on the phenyl ring of sulfonylarides as well as heteroarenes and gives the
desired heterobiaryls in moderate to good yields@m temperature. Further work is in progress

to broaden the scope of this transformation tol®size natural products and pharmaceuticals.
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column chromatography using hexane-ethyl acetatéunas. The identity and purity
of the product was confirmed b4 and **C NMR spectroscopy, cf. Supporting
Information.
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