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The Friedel-Crafts reaction of a wide variety of arenes and heteroarenes was accomplished, in
good to excellent yields (50-98%) and with high a-regioselectivity, using Morita-Baylis-
Hillman acetates. Functionalized conjugated enones were obtained under Bi(OTf); catalysis (10
mol%) in dichloroethane (DCE) at 50 °C.

2019 Elsevier Ltd. All rights reserved.

1. Introduction

Aromatic compounds are commonly found in various drugs[1]
and are frequently employed in materials science.[2] The
development of new synthetic methods for the construction of
such structures has therefore gained significant attention. Among
these, the Friedel-Crafts reaction is one of the oldest processes
that is still attractive for the introduction of a wide range of
electrophilic moieties onto aromatic rings.[3]

On the other hand, the Morita-Baylis-Hillman (MBH)
adducts, considered as functionalized allylic compounds (Fig. 1),
have been used as powerful electrophiles in various synthetic
methods.[4] In this context, a large number of synthetic
transformations have been reported under catalyst-free
conditions[5] or using efficient catalysts and additives such as
Brgnsted or Lewis acids,[6] organocatalysts, e.g. DABCO,[7]
DMAP or imidazole,[8] as well as palladium complexes.[9]

R'O

EWG = ketone, ester, nitrile, sulfoxide
R = H, akyl, aryl
R' = H, Ac, Ms, CO'Bu, alkyl

Figure 1. MBH adducts structure.

As part of the development of the chemistry of MBH adducts,
Basavaiah and co-workers have reported the stereoselective
synthesis of trisubstituted olefins via a concentrated H>SOs-
catalyzed Friedel-Crafts reaction of acyclic MBH alcohols with
benzene.[10] Later, Kim and co-workers reported the arylation of
acyclic MBH tosylamines with benzene and its derivatives, using
concentrated H,SO; as the additive.[11] Subsequently, numerous
synthetic applications, involving the Friedel-Crafts reaction of
such derivatives, allowing access to 2-benzoxepines,[12] 7H-
benzocycloheptenes, quinoline and indene derivatives were
reported.[13]

In addition, the C-3-electrophilic substitution of indoles, by
acyclic MBH alcohols and acetates, was previously carried out
under the catalysis of metal triflates such as Al(OTf)3[14]
Sc(OTi);[15] and AgOTf,[16] as well as InBr[17] or
palladium.[18]

The nucleophilic allylic substitution of acyclic MBH adducts
affords either, under catalyst-free conditions, mainly the V-
products via a Sn2’ reaction[19] or the d-products under
DABCO- or Pd-promoted Sy2’-Sx2’ transformations.[20,21] In
particular, with bulky PhsP as the catalyst, a-substitution of the
MBH acetate occurred with 2-trimethylsiloxyfuran derivatives as
the nucleophile.[22]

O OR'
R = H, alkyl, aryl

o R R'=H, Ac, Ms, CO'Bu, alkyl

Figure 2. a- and y-Regioselectivity for the
nucleophilic substitution of MBH adducts.
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Scheme 1. Examples of biologically active substances prepared from MBH adducts.

In contrast, such allylic reactions, involving cyclic MBH
derivatives, generally provide the O- and/or y-products (Fig.
2).[13,18,23] The ratio of the obtained isomers is highly
dependent on the nature of the R' group (Fig. 2). Indeed, when
the reaction proceeds with MBH alcohols (R’=H), mixtures of
the a- and y-products are obtained, and during the course of the
reaction, a rearrangement from the y- to O-products has been
observed.[23] When the reaction is performed with MBH acetate
as a good leaving group (R=Ac), O-regioselective substitution
has been reported.[18] Chemical transformations of the obtained
synthons can lead to potentially biologically active
substances.[24] Representative examples of interesting structures
are given in Scheme 1, indicating the versatility of these
intermediates.

Our research group has previously reported contributions to
the development of cyclic MBH chemistry and in this regard, we
have been particularly interested in the nucleophilic allylic
substitution of a variety of MBH derivatives, using various
catalysts or additives, including DMAP or imidazole,[25]
palladium[26] and Fe(OTf)s/BF;°Et,0.[27]

Taking into account the previous reports of the catalytic
activation of nucleophilic allylic substitution by metal
triflates[28] and other Lewis acids,[29] we decided to explore the
Friedel-Crafts reaction between both acyclic and cyclic MBH
acetates and a series of arenes and heteroarenes as nucleophiles,
using a catalytic amount of Bi(OTf)3, under mild conditions.

2. Results and Discussion

Optimisation of the catalytic system was performed for the
model reaction between the MBH acetate 1a and an electron-rich
aromatic compound, i.e. 1,3,5-trimethoxybenzene 2a (ratio 1a/2a
= 1:2). A range of Lewis acids, including metal triflate catalysts,
were screened for their catalytic activity (Table 1).

Table 1. Screening of Lewis acid catalysts.

o OMe (o} OMe
Catalyst
OAc _—
MeO OMe

MeQO OMe

3aa

a Reaction : Yield®
Entry Catalyst (mol%) Conditions Time 3aa (%)
1 AlCl; (10) DCE, 50 °C 24 h 0
2 BiCl; (10) DCE, 50 °C 24 h 0
3 Bi(OAc); (10) DCE, 50 °C 24 h 0
4 In(OTh); (5) DCE, 50 °C 10 min 71
5 Al(OTD); (5) DCE, 50 °C 10 min 71
6 Bi(OTf); (5) DCE, 50 °C 10 min 80
7 Bi(OTf); (5) CH;3NO,, 50 °C 10 min 75
8 Bi(OTf); (5) THF, 50 °C 10 min 75
9 Bi(OTf); (5) DCE, reflux 10 min 66
10 Bi(OTf); (5) CH;NO,, reflux 10 min 57
11 Bi(OTf); (10) DCE, 50 °C 10 min 95
12 TfOH 5) DCE, 50 °C 10 min 50

* General screening procedure: To a stirred solution of allylic acetate 1a in
DCE (0.3 M) and trimethoxybenzene 2a (2 eq), at 50 °C, was added the
catalyst (5-10 mol%). ® Isolated yield.

While the conversion of 1a was very low using AlCl;, BiCls
and Bi(OAc)s, in dichloroethane (DCE) at 50 °C (Table 1, entries
1-3), a-substituted compound 3aa was formed in 71-80 % yield
after ten minutes, using 5 mol% of In(OTf)s;, Al(OTf); or
Bi(OTf); (Table 1, entries 4-6). The yield was not improved
when the reaction was conducted in solvents such as CH;NO, or
THEF, or when the mixture was heated at reflux (Table 1, entries
7-10). With a catalytic loading of 10 mol% in DCE, Bi(OTf);
was found to be the most effective catalyst and 3aa was obtained
in 95% yield, after only ten minutes at 50 °C (Table 1, entry 11).
Interestingly, triflic acid also catalysed the formation of 3aa,
however with a decreased yield of 50% (Table 1, entry 12). In
this preliminary study, in addition to the a-product 3aa, no side-



product resulting from competitive substitution at the y-carbon of
1a could be detected by 'H NMR analysis of the crude reaction
mixture.

On the basis of the previous study, we selected the optimized
conditions involving Bi(OTf); (10 mol%) as the catalyst, in DCE
at 50 °C, for further transformations of other MBH acetates with
various arenes.

We first evaluated the influence of the leaving group (LG) on
the steric course of the arylation reaction, using the MBH
derivatives la,lai4 bearing various leaving groups, i.e. LG=
OAc, OMs, OCO'Bu, OEt, OH (Table 2). We found that the
arylation of allylic compounds 1a,1a1.4 with 2a worked well and
the corresponding final product 3aa was obtained in 62-95%
yield. The reaction selectivity was dependent on the nature of the
leaving group. Indeed, in the case of LG= OAc, a clean reaction
occurred, affording exclusively the O-substitution product 3aa in
a short reaction time (10 min), and in 95% yield (Table 2, entry
1). The other MBH adducts 1ai and 1az, possessing good leaving
groups (LG= OMs, OCO'Bu, respectively), reacted similarly to
acetate 1a, affording the d-substitution product 3aa, along with
the y-substitution derivative 4aa as the minor product (Table 2,
entries 2, 3).

In the case of poor leaving groups such as LG= OH (1as), OEt
(1a4), the reaction selectivity was lower, giving a ca. 60/40
mixture of the O- and y-substitution products 3aa and 4aa,
respectively, with longer reaction times (Table 2, entries 4, 5).

Table 2. Arylation of cyclic MBH adducts 1a-a4 with 2a.

o] OM 0 OMe 7
© ! OMe
e /@\ 10% Bi(OTf)3 ‘ O .
+ 14
MeO OMe 50°C.DCE MeO OMe

MeO OMe
1a-ay 2a 3aa 4aa
LG: OAc, 1a; OMs, 1aq;
OCOtBu, 1a; OEt, 1ag; OH, 1a4
a ) . . L Ratio
Entry* LG (la-as) Time (min) Yield® (%) 3aa/daat
1 OAc (1a) 10 95 100:0
2 OMs (1ay) 2 86 95:5
3 OCOBu (1ay) 70 78 92:8
4 OEt (1as) 90 68 60:40
5 OH (1ay) 45 62 58:42

* General procedure: to a stirred solution of allylic acetate 1a-a4 in DCE
(0.3 M) and trimethoxybenzene 2a (2 eq), at 50°C, was added Bi(OTf);
(10 mol%). * Isolated yield. © Isomer ratios were determined by GC.

The high selectivity previously observed in the arylation of
acetate la prompted us to further explore the scope of this
synthetic protocol with a variety of arenes and heteroarenes.

Thus acetate 1a was reacted with various aromatic compounds
2b-g to provide O-products 3ab-ag (Table 3). As shown in
entries 2 and 3, the arylation of cyclic MBH acetate 1a with 1,4-
disubstituted aromatic derivatives 2b and 2¢ occurred at the
available ortho-positions. The corresponding Friedel-Crafts
adducts 3ab and 3ac were isolated in 66% and 65% yield,
respectively (Table 3, entries 2, 3).

Table 3. Arylation of MBH acetate 1a with various arenes 2a-g.

o R! o RE
éﬁm . [ BOMa00mom) ~q
R{\/ DCE, 50°C RS//\ R®
1a 2a-g 3aa-ag
a a-Product . Yield® (%)
Entry ArH 3aa-ag Time (3, ratio)*
OMe o OMe
. 95%
! Jij\ 10 min
MeO OMe MeO OMe (3aa, 100)
2a
3aa
OMe o OMe
66
2 2 230 3ab, 100)

e

OMe OMe
OMe o~ 6
3 2 O 2h 3ac, 100)
3ac

Qo
Oo
=
9
]
=

OMe 95
e
4 @\ o Sad o 30 min  (3ad, 88)
OMe © (3ad’, 12)
2" (10
MeO
3ad'
“
3ae OMe
0] OMe 80
S we a (3ae.60)
2% ‘ O (3ae’, 11)
3ae’ (3ae”, 29)
(0] OMe
3ae"
(0]
OMe
OMe 88
6 2t 3af 3h (3af, 63)
o OMe (3af’, 37)
3af'
0
76

[~
[
Q

* General procedure: to a stirred solution of allylic acetate 1a in DCE (0.3 M)
and arene 2a-g (2 eq), at 50 °C, was added Bi(OTf); (10 mol%). ® Isolated
yields. ¢ Isomer ratios were determined by '"H NMR spectroscopy. ¢ DCE at
reflux.

The procedure was also shown to be successful with 1,3-
trimethoxybenzene 2d, whose electrophilic substitution at the
ortho- and para-positions with the acetate 1a, afforded
predominately the less hindered regioisomer 3ad (88%), along
with 3ad’ (12%), in 95% combined yield (Table 3, entry 4).

Table 4. Arylation of the MBH acetate 1a with various heteroarenes 2h-l1.
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o
10 mol% Bi(OTY) ij)\ x
o 3 S 7- ™
_ e \ 78NS
DCE, 50°C " N

(o]
X
OAc S
+ w ‘/7
R ‘oz
1a 2h-l

3ah-al
X=N-Ac, O, S
R=H, CH3
El’ltI‘ya Ar-H o-Product Time (h) Yleldh (%)
3 (3, ratio)®
(0]
s
s W, 83
14 @ 3ah ) (3ah, 72)
o} (3ah’, 28)
3ah'
(o]
S
W,
3ai
72
(3ai, 66)
2 2 (3ai’,22)
(3ai”’,12)
50
3 1.5 (3aj, 90)
(3aj’, 10)
0 82
4 / o 0.5 (3ak, 80)
(3ak’, 20)
- Xy
3ak'
o}
N ‘ = N—Ac 61
5 / O 0.3 (3al, 100)
3al

* General procedure: to a stirred solution of allylic acetate 1a in DCE (0.3 M)
and arene 2h-1 (2 eq), at 50 °C, was added Bi(OTf); (10 mol%). ° Isolated
yield. ¢ Isomer ratios were determined by '"H NMR spectroscopy. ¢ Ratio
1a/2i = 1:10.

In addition, the arylation of 1l1a with 1-methoxy-3-
methylbenzene 2e, provided a mixture of three regioisomers in
which the less hindered derivative 3ae is the main compound
(60%), along with 3ae’ (11%) and 3ae” (29%), in 80%
combined yield (Table 3, entry 5).

Table 5. Arylation of various MBH acetates 1a-g with arenes.

We also examined the reaction of anisole 2f with acetate 1a,
and found that it mostly afforded the less hindered para-
regioisomer 3af, along with the ortho-product 3af’ (paralortho =
63:37), in 88% combined yield (Table 3, entry 6).

Finally, we investigated the Friedel-Crafts reaction of
mesitylene that provided the corresponding compound 3ag in
76% yield (Table 3, entry 7).

In order to explore the scope and the limitations of this
strategy, we have also investigated the reaction of acetate 1a with
common electron-deficient arenes such as bromobenzene,
acetophenone, methyl benzoate, benzonitrile and pyridine, under
the optimized conditions. In all of these cases, the reaction failed,
and the starting material was recovered within 6-8 h, suggesting
that these electron-deficient arenes are not sufficiently reactive to
be used in this protocol. In this regard, a literature survey showed
that electron-deficient (hetero)arenes could alternatively be
functionalized via C-H amination[30] or allylation[31] using
copper catalysts, as well as Pd- or Rh-catalyzed C-H
olefination[32] and arylation.[33,34]

We successfully extended the arylation of acetate 1a with a
variety of electron-rich heteroarenes 2h-l, under the optimized
conditions (Table 4). In this regard, the reactions of la with
thiophene 2h, methylthiophene 2i, benzothiophene 2j and
benzofuran 2k, gave the corresponding the 2- and/or 3-
disubstituted arenes 3, resulting from the expected electrophilic
substitution. The arylation products were obtained within 0.3-2 h
in satisfactory to good yields (Table 4, entries 1-4).

Moreover, the reaction of the protected indole derivative 21
with the MBH acetate 1a, selectively gave 3-substituted indole
3al in 61% yield (Table 4, entry 5).

The full conversion of acetate 1a, in the presence of thiophene
2h and its derivatives 2i-j, within 1.5-2 h (Table 4, entries 1-3),
is slower than that using the more reactive benzofuran 2k (0.5 h)
or indole derivative 21 (0.3 h) (Table 4, entries 4,5).

The above synthetic protocol was also tested on a series of
cyclic allylic acetates 1a-g, which were differently substituted at
the P’-position (R=H, Et, i-Pr, Ph) (Table 5), in order to
determine the possibly effect of steric hindrance on the arylation
reaction course.

The results, given in Table 5, show that the six-membered
derivatives 1b (R= Et), 1¢ (R= Ph), 1d (R= 4-BrPh), as well as
the five-membered compound le (R= Ph), were efficiently
arylated with 2a, affording exclusively the corresponding o-
products 3 in 67-88% yield (Table 5, entries 2-5).

Similarly, the allylic acetate 1¢ (R= Ph) was fully converted,
in 86-91% yield and with excellent selectivity, into the a-
products 3cd, 3cd’ and 3cg using 1,3-dimethoxybenzene 2d and
mesitylene 2g, respectively (Table 5, entries 6, 7). In addition,
upon the treatment of nucleophilic heteroarenes 2h and 2k with
1c (R= Ph), we also observed the formation of only the a-
products 3ch and 3ck in 65% and 98% yields, respectively
(Table 5, entries 8, 9).

Once again, we explored the electrophilic substitution of
1,3,5-trimethoxybenzene 2a with the acetates 1f (R=i-Pr) and 1g
(R= H), as they would be respectively the most and the least
sterically hindered derivatives at the (3’-position, in the series of
acetates la-e. We observed that their behavior in the arylation
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<
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@

OMe 88
3 1c/2 10
4 ‘ O (3ca, 100)
MeO OMe
3ca
Br
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(0] OMe
4 1d/2a 1 (3da, 100)
MeO OMe
3da
0 OMe 87
5 le/2a Q 25 (3ea,100)
MeO O
OMe
3ea
(0] I OMe
SR o
6 1c/2d ded Mg (3ed, 85)

O Bed’, 15)

Product Time Yield® (%)
(min)  (products, ratio)*

Entry* Reactant

86

7 1c/2g (eg, 100)

30

65

8 1c/2h (3¢h, 55)

10

10 98
(3ck, 100)

9 1c/2k

69
30 (3fa, 75)
(4fa, 25)

10 1f/2a

87
11 1g/)2a MeO 4h 45min (3ga, 36)
0 oMe (5ga, 64)

@ General procedure: to a stirred solution of allylic acetate 1a-1g in DCE (0.3 M) and arene 2a-k (2 eq), at 50 °C, was added Bi(OTf); (10 mol%). ® Isolated

yields. ¢ Isomer ratios were determined by '"H NMR spectroscopy.

reaction was different from that of the acetates 1la-e. Indeed,
the acetate 1f was totally converted within 30 min, in 69% yield,
into a mixture of the a-product 3fa (75%) and y-product 4fa
(25%) (Table 5, entry 10).[13,18,23]

In contrast, the electrophilic substitution of the primary acetate
1g with 2a, was significantly slower (4 h 45 min), affording
mostly the o-product 3ga, along with the 2,3-dialkylated
cyclohexanone 5ga, resulting from bis-B,’-1,4-addition of 2a
onto 1g (Table 5, entry 11).[35]

The arylation of B’-diversely substituted acetates la-f with
aromatic derivatives 2a-f was rapid (10 min-30 min, Table 5

entries 1-10), whereas the conversion of the primary acetate 1g
into 3ga and Sga was significantly slower (4 h 45 min, Table 5,
entry 11). We believe that this electrophilic substitution should
follow a reaction path that might be different from that of the
secondary acetates 1a-f (Scheme 3, vide infra).

The arylation protocol was also extended to acyclic MBH
acetates 1h-j (Table 6). The acetate 1h (R= H) was arylated with
1,3,5-dimethoxybenzene 2a, as an electron-rich aromatic
compound, to afford a-substituted product 3ha, in 87% yield
within 6 h (Table 6, entry 1).
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The aromatic electrophilic substitution was also efficiently
performed with 2a using compound 1i (R= Me), leading, via
attack of the less hindered allylic site (Sy2’ reaction), to the (E)-
y-product 4ia, in 50% yield and with excellent regioselectivity
(Table 6, entry 2).[19]

In the case of the compound 1j (R= Ph), the Friedel-Crafts
reaction provided almost an equimolar mixture of o- and (E)-y-
products 3ja and 4ja, in 56% combined yield (Table 6, entry 3).

Table 6. Arylation of acyclic MBH acetates 1h-j with 2a.

o E0OC. o Eooe ~
e e
R e 10 mol% B\(OTI
ACO)\( +
DCE, 50 °C
COOEt MeO' OMe

1h,R=H 2a
1i,R = Me
1j,R=Ph
Entry* R Product Time Yield® Seh’tct.ivity
(%)  ( (Regioisomer,
ratio)®
1 H 6h 87 (3ha, 100)
(1h)  gooc OMe
3ha
OMe
—
2 J:jfjj g Ob 30 (E-4ia, 100)
ay e oS0
EtO,C
I\ZIIeO Q
Ph . 3 ja, 49)
3 1j) 3jae) OMe 15 min 56 (E-4ja, 51)
EO,C
MeO O OMe
(E)- 4jas1)

* General procedure: to a stirred solution of allylic acetate 1h-j in DCE (0.3
M), and arene 2a (2 eq), at 50 °C, was added Bi(OTf); (10 mol%). ® Isomer
ratios were determined by '"H NMR spectroscopy. © Isolated yields.

In order to disclose the possible role played by the carbonyl
group of MBH acetates in the Friedel-Crafts reaction, some
complementary experiments were carried out. For this purpose,
we examined, under the optimized conditions, the behavior of
cyclic allylic acetate 6, towards 1,3,5-trimethoxybenzene 2a as a
nucleophile, as it does not possess the ketone group, but has the
same skeleton and the same allylic moiety as 1a. An inseparable
complex mixture was obtained within 5 min, suggesting the
crucial role played by the carbonyl group in the arylation of
MBH acetates 1 by various arenes and heteroarenes 2 (Scheme
2).[18,23,27]

OMe
Ot L,
MeO OMe DCE, 50°C

10 moi% Bi(OT)s complex mixture

6 2a
Scheme 2. Arylation attempts of allylic acetate 6 with 2a.
We then became interested in the mechanistic study of this

reaction. The allylic substitution, described by Krische and co-
workers,[22] starts with an Sn2° reaction, involving PPhs as a

nucleophilic catalyst, which attacks the less substituted sp’-
carbon(y), affording the phosphonium salt A. Further, 2-
(trimethylsilyloxy) furan, as a moderate sterically hindered
nucleophile, reacts with this intermediate in an Sy2’ manner at

the less hindered sp*-carbon(at), leading finally to y-butenolides
B.

OTMS
AcO . @ 1
R PPh, PhaR /R
Y R2 - 0Ac® R2 - PPhs
o (Sn2') o (Sn2)

A

Scheme 3. Synthesis of y-butenolides described by Krische and co-workers.

In view of our results on the arylation of MBH acetates,
because Bi(OTf); is a Lewis acid catalyst, we propose that there
is an initially preformed bismuth-chelate complex C, involving
both the carbonyl and leaving group of the substrates 1. This
involves an activation of the carbonyl group as well as the allylic
C(a), which enhances both the reactivity and selectivity of
acetates 1 towards nucleophilic attack.[36,37] Hence, the
complex C could be further attacked, at the a- and/or y-position,
by an aromatic compound, affording, respectively, after
elimination of the leaving group, the a-product 3 and/or Y-
product 4 (Scheme 4).[23]

[Bi]
o R 0 OAc o R
é)g\Ar a-substitution é/LR y=substitution @f
- % —_
Ar-H Ar
3 c 4
a-Product y-Product
R = H, alkyl, aryl
——————————

(excess of ArH)

@fx\m
A

r

j Bis-substitution

5

Scheme 4. Possible mechanism for the reaction
of (hetero)arenes 2 with MBH acetates 1.

This step of the reaction depends not only on the steric
hindrance of the R group, but also on the nature of the leaving
group. Indeed, when R is a moderately bulky substituent such as
Me, Et and Ph, a-products 3 are selectively observed via
isomerisation of the corresponding y-products 4 (Scheme 4 and
Table 5, entries 1-9). On the other hand, in the case of acetate 1f,
the relatively bulkier R= isopropyl group partially hinders a-
attack, and leads to a (75:25) mixture of the a- and y-products
3fa and 4fa, respectively (Scheme 4, Table 5, entry 10). It is
interesting to note that, when the compound 4fa is subjected to
the reactions conditions, we did not observe its isomerization to
3fa. Moreover, when a mixture of 3fa/4fa of known ratio is put
into reaction, this ratio does not change. These results suggest
that the compounds 3fa and 4fa are obtained via two parallel or
competing reactions.

Moreover, the nature of the leaving group is also an important
parameter. When the reaction is performed with -OAc, -OMs, or
-OCOr#Bu as good leaving groups, O-regioselective substitution is



observed, whereas with poor leaving groups, such as -OH or -
OEt, a mixture of the d- and y-products is obtained.

In the case of the arylation of the primary acetate 1g, we
believe that the corresponding bis arylated derivative S5ga is
resulting from a further ’-1,4-addition onto the y-product 4ga
(Scheme 4).

3. Conclusion

We have developed a general and efficient Bi(OTf)s-
catalysed Friedel-Crafts reaction of arenes and heteroarenes with
a series of primary and secondary cyclic or acyclic MBH
acetates, differently substituted at the carbon bearing the leaving
group.[38] This synthetic protocol was found to be general with
moderately hindered groups R attached to the O-carbon (i.e R=
Me, Et, Ph), affording the a-arylation products generally in short
reaction times, high yields and with excellent a-selectivity.

4. References and Notes

[1]1 S. Ward, P. Beswick, Expert Opin. Drug Dis. 2014, 9(9),
995-1003.

[2] K. Young Lee, S. Gowrosankar, J. Nyoung Kim, Bull.
Korean Chem. Soc. 2005, 26(10), 1481-1490; S. E. Drewes, N.
D. Emslie, J. Chem. Soc. Perkin Trans. 1982, 1, 2079-2083; H.
M. R. Hoffman, J. Helv. Rabe, Chim. Acta 1984, 67, 413-415; H.
M. R. Hoffman, J. Rabe, J. Org. Chem. 1985, 50, 3849-3859.

[3] S. Prajapati, A.P. Mishra, A. Srivastava, Int. J. Pharm. Chem.
Biol. Sci. 2012, 2(1), 52-62; K. L. Lee, J. M. Kim, J. N. Kim,
Tetrahedron Lett. 2003, 44, 6737-6740; K. Y. Lee, J. M. Kim, J.
N. Kim, Tetrahedron 2003, 59, 385-390; Y. J. Im, K. Y. Lee, T.
H. Kim, J. N. Kim, Tetrahedron Lett. 2002, 43, 4675-4678; J. N.
Kim, J. M. Kim, Y. K. Lee, Synlett 2003, 821-824; H. M. R.
Hoffmann, J. Rabe, Angew. Chem. Int. Ed. Engl. 1985, 24, 94-
110.

[4] D. Basavaiah, B. S. Reddy, S. S. Badsara, Chem. Rev. 2010,
110, 5447-5674.

[5]1 D. Basavaiah, S. Pandiaraju, Tetrahedron 1996, 52, 2291-
2268.

[6] (a) J. S. Yadav, B. V. S. Reddy, S. S. Mandal, A. P. Singh, A.
K. Basak, Synthesis 2008, 1943-1947; (b) R. Gatri, F. Rezgui,
M. El Gaied, J. Chem. Res. (S) 2002, 366-367; J. Chem. Res. (M)
2002, 879-883; (¢) M. Sa, M. Braz, J. Chem. Soc. 2003, i4,
1005-1010; (d) D. Basavaiah, D. S. Sharada, A. Veerendhar,
Tetrahedron Lett. 2004, 45, 3081-3083.

[7] (a) S. Khamri, H. Amri, Tetrahedron 2009, 65, 4890-4593;
(b) K. Y. Lee, T. H. Kim, J. N. Kim, Bull. Korean Chem. Soc.
2004, 25, 1966-1968.

[8] (a) S. Bhowmika, S. Batra, Current Organic Chemistry 2014,
18, 3078-3119; (b) J. Li, X. Wang, Y. Zhang, Tetrahedron Lett.
2005, 45, 5233-5237.

[9] (a) T. Nemoto, T. Fukuyama, E. Yamamoto, S. Tamura, T.
Fukuda, T. Matsumoto, Y. Akimoto, Y. Hamada, Org. Lett.
2007, 9, 927-930; (b) B. M. Trost, M. R. Machacek, C. H. Tsui,
J. Am. Chem. Soc. 2005, 127, 7014-7024; (c) F. Coelho, D.
Veronese, C. H. Pavam, R. Buffon, Tetrahedron 2006, 62, 4563-
4572; (d) Y. X. Li, Q. Q. Xuan, L. Liu, D. Wang, Y. J. Chen, C.
J. Li, J. Am. Chem. Soc. 2013, 135, 12536-12539.

[10] D. Basavaiah, M. Krishnamacharyulu, R. S. Hyma, S.
Pandiaraju, Tetrahedron Lett. 1997, 38, 2141-2144.

[11] H. J. Lee, M. R. Seong, J. N. Kim, Tetrahedron Lett. 1998,
39, 6223-6226.

[12] V. Sing, S. Batra, Tetrahedron 2008, 64, 4511-4574.

[13] (a) K. Y. Lee, S. Gowrisankar, J. N. Kim, Bull. Korean
Chem. Soc. 2005, 26, 1481-1490; (b) J. N. Kim, H. J. Lee, H. S.
Kim, Tetrahedron Lett. 2001, 42, 3737-3740.

[14] M. Gohain, S. Lin, C. B. Barend, Tetrahedron Lett. 2015,
56, 2579-2582.

[15] M. Shengming, Y. Shichao, P. Zhihua, Org. Biomol. Chem.
2005, 3, 1933-1936.

[16] Z. Shafiq, L. Liu, Z. Liu, D. Wang, Y. J. Chen, Organic
Lert. 2007, 9, 2525-2528.

[17] J. S. Yadav, B. V. S. Reddy, A. K. Basak, A. V. Narsaiah,
A. Prabhakar, B. Jagadeesh, Tetrahedron Lett. 2005, 46, 639-
641.

[18] S. Ma, S. Yu, Z. Peng, H. Guo, J. Org. Chem. 2006, 71,
9865-9868.

[19] (a) R. Raecker, K. Doering, O. Reiser, J. Org. Chem. 2000,
65, 6932-6939; (b) K.Y. Lee, S. Gowrisankar, J.N. Kim, Bull.
Korean Chem. Soc. 2005, 26, 1481-1490; (c) D. Basavaiah, T.
Satyanarayana, Org. Lett. 2001, 3, 3619-3622; (d) D. Basavaiah,
M. Krishnamacharylu, R. S. Hyma, P. K. S. Sama, N.
Kumaragurubaran, J. Org. Chem. 1999, 64, 1197-1200; (e) S.
Nag, R. Pathak, M. Kumar, P.K. Shukla, S. Batra, Biorg. Med.
Chem. Lett. 2006, 16, 3824-3828.

[20] (a) V. Singh, G. P. Yadav, P. R. Maulik, S. Batra,
Tetrahedron 2006, 62, 8731-8739; (b) K. Y. Lee, S.
Gowrisankar, Y. J. Lee, J. N. Kim, Tetrahedron 2006, 62, 8798-
8804; (c¢) Y. Morisaki, Y. Chujo, Tetrahedron Lett. 2005, 46,
2533-2537; (d) V. Singh, S. Kanojiya, S. Batra, Tetrahedron
2006, 62, 10100-10110.

[21] G. W. Kabalka, G. Dong, B. Venkataiah, C. Chen, J. Org.
Chem. 2005, 23, 9207-9210.

[22] C. W. Cho, M. ]. Krishe, Angew. Chem. Int. Ed. 2004, 43,
6689-6691.

[23] (a) Y. L. Liu, L. Liu, D. Wang, Y. J. Chen, Tetrahedron
2009, 65, 3473-3479; (b) S. Zahid, Q. Zhen, L. Li, Z. Q. Yu, W.
Dong, C. Yong-Jun, Synlett 2009, 18, 2965-2970.

[24] (a) B. Das, N. Choowdhury, K. Damodar, J. Banerjee,
Chem. Pharm. Bull. 2007, 55(8), 1274-1276; (b) D.H. Ryu, G.S.
Hwang, KH. Kim, JH. Pak, HJ. Kim, WO
2009110655 A1 20090911 2009; (c) P. Narender, U. Srinivas,
M. Ravinder, R.B. Ananda, C. Ramesh, K. Harakishore, B.
Gangadasu, U. Murthy, R. Jayathirtha, Bioorg. Med. Chem.
2006, 14(13), 4600-4609; (d) R. Sreevani, A. Manjula, B. Rao, J.
Heterocycl. Chem. 2011, 48(3), 586-591; (e) C. Kundu, N.
Sundar, S. Kumar, S. Bhat, S. Biswas, N. Valecha, Bioorg. Med.
Chem Lett. 1999, 9(5), 731-736; (f) G.Q. Yang, C.R. Yu, X.L.
Yu, X.H. Qiu, Huaxue Shiji 2011, 33(9), 803-806; (g) E. Srihari,
G.S. Kumar, C.N. Kumar, R.K. Seth, S. Biswas, B. Sridhar, V.J.
Rao, Heterocycl. Commun. 2011, 17(3-4), 111-119; (h) S.A.
Singh, S.V. Bhat, Acta Pharm. 2011, 61(4), 447-455; (i) C.
Lima-Junior, C. Vacconcellos, Bioorg. Med. Chem. 2012, 20(13),
3954-3971.

[25] (a) H. Elleuch, M. Ayadi, J. Bouajila, F. Rezgui, J. Org.
Chem. 2016, 81, 1757-1761; (b) O. Mhasni, F. Rezgui,
Tetrahedron Lert. 2010, 51, 586-587; (c) M. Ayadi, H. Elleuch,
E. Vrancken, F. Rezgui, Beilstein J. Org. Chem. 2016, 12, 2906-
2915.

[26] (a) G. Bouhalleb, J. Bouajila, F. Rezgui, C. R. Chimie, 2017,
20, 484-491; (b) A. Abidi, Y. Oueslati, F. Rezgui, Beilstein J.
Org. Chem. 2016, 12, 2402-2409.

[27] M. Ayadi, P. C. Mpawenayo, F. Rezgui, E. Leclerc, E.
Vrancken, J. M. Campagne, Synthesis 2018, 50, 1166-1174.



8 Tetrahedron Letters
[28] S. Antoniotti, V. Dalla, E. Dunach, Angew. Chem. Int. Ed.

2010, 49, 7860-7888.

[29] (a) T. Ishikawa, T. Aikawa, Y. Mori, S. Saito

Org. Lett. 2003, 1, 51-54; (b) X. G. Jia, P. Guo, J. Duan, X. Z.

Shu, Chem. Sci. 2018, 9, 640-645.

[30] (a) A. B. Smith III, B. A. Wexler, J. S. Slade, Tetrahedron

Lert. 1980, 21, 3237-3240; (b) R. Tamura, S. Tamai, H.

Katayama, H. Suzuki, Tetrahedron Lett. 1989, 30, 3685-3688.

[31] N. Matsuda, K. Hirano, T. Satoh, M. Miura, Org. Lett. 2011,

13, 2860-2863.

[32] T. Yao, K. Hirano, T. Satoh, M. Miura, Angew. Chem. Int.

Ed. 2011, 50, 2990-2994.

[33] Y.-H. Zhang, B-F. Shi, J-Q. Yu, J. Am. Chem. Soc. 2009,

131, 5072-5074.

[34] L. Ackermann, S. Fenner, Chem. Commun. 2011, 47, 430-

432.

[35] Z.-M. Sun, J. Zhang, R. S. Manan, P. Zhao, J. Am. Chem.

Soc. 2010, 132, 6935-6937.

[36] T. Ooi, M. Takahashi, K. Maruoka, J. Am. Chem. Soc. 1996,

118, 11307-11308.

[37] Y. Roman-Leshkov, M. E. Davis, A.C.S. Catal. 2011, 1,

1566-1580.

[38] General procedure : To a stirred solution of Morita-Baylis-

Hillman acetate 1a-j (0.3 M) in 1,2-dichloroethane, and 2 equiv.

of arene or heteroarene 2a-l1, was added 10 mol% of Bi(OTf)s.

The mixture was stirred at 50 °C until full conversion was

reached. The reaction was quenched by the addition of saturated

NaHCOs aqueous solution and extracted with CH,Cl, The

combined organic layers were dried over MgSO4 and

concentrated under reduced pressure. The resulting product was

purified by column chromatography eluting with a PE-Et,O

mixture. For further details see the ESI.



Graphical Abstract

Bi(OTf)s-catalysed regioselective arylation of
Morita-Baylis-Hillman type allylic electrophiles
Omrani Assia®®, Rezgui Farhat?, Dunach Elisabet" and
Poulain-Martini Sophie®™”

“Université de Tunis El Manar, Faculté des Sciences de
Tunis, Laboratoire de Chimie Organique Structurale

LR99ES 14, Campus Universitaire, 2092 Tunis, Tunisia.
bUniversité Cote d’Azur, Institut de Chimie de Nice, CNRS,
Parc Valrose, 06108 Nice cedex 2, France.

E-mail: sophie.martini @univ-cotedazur.fr

RZ
/\\ R3
—_ 1
(/ 7 % w
4
Bi(OTf)3 (10 mol%) | R
DCE, 50 °C
o R /
é/LOAc

Bi(OTf); (10 mol%)
DCE, 50 °C

R! = H-, Me-, Et-, (CHg),CH-, Ph-, p-Br-Ph-
R2, R3 = H, Me, OMe

65-98% yield
22 examples
R' = Me
R*=H, Me
X=N-Ac, O, S
50-83% yield






