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Reactions of 2,5-dibromothiophene, 1, with [Pd2(dba)3]•dba [Pd(dba)2; dba = dibenzylideneacetone]
in the presence of N-donor ligands such as 2,2′-bipyridine (bpy) and 4,4′-di-tert-butyl-2,2′-bipyridine
(dtbbpy) give arylpalladium complexes of cis-[2-(5-BrC4H2S)PdBrL2], 2a, b [L2 = bpy (2a), L2 = dtbbpy
(2b)], and cis-cis-L2PdBr[2,5-(C4H2S-)PdBr(L2)], 3a, b [L2 = bpy (3a), L2 = dtbbpy (3b)]. Treatment
of cis complexes 2a, b and 3a, b with CO causes the insertion of CO into the Pd–C bond to give
the aroyl derivatives of palladium complexes of cis-[2-(5-BrC4H2S)COPdBrL2], 4a, b [L2 = bpy (4a),
L2 = dtbbpy (4b)], and cis-cis-[(L2)(CO)BrPdC4H2S-PdBr(CO)(L2)], 5a, b [L2 = bpy (5a) and L2 =
dtbbpy (5b)], respectively. Treating complexes 2a, b with 1 mole equivalent of isocyanide XyNC
(Xy = 2,6-dimethylphenyl) gave iminoacyl complexes cis-[2-(5-BrC4H2S)C NXyPdBrL2], 6a, b [L2 =
bpy (6a), L2 = dtbbpy (6b)], and a 3-fold excess of isocyanide XyNC (Xy = 2,6-dimethylphenyl)
gave triiminoacyl complexes [2-(5-BrC4H2S)(C NXy)3 PdBr], 7. Cyclization reactions of 6a, b with
3 mole equivalents of isocyanide XyNC (Xy = 2,6-dimethylphenyl) or cyclization reaction of 7
with 1 mole equivalent of isocyanide XyNC (Xy = 2,6-dimethylphenyl) both gave tetraiminoacyl
complexes of [2-(5-BrC4H2S)(C NXy)4PdBr], 8, which was also obtained by the reaction of 1 or 2a,
b with a 4-fold excess of isocyanide XyNC with or without add Pd(dba)2. Similarly, complexes 3a
and b were also reacted with 2 mole equivalents of isocyanide XyNC (Xy = 2,6-dimethylphenyl)
to give iminoacyl complexes cis-cis-[(L2)(CNXy)BrPdC4H2S-PdBr(CNXy)(L2)], 10a, b [L2 = bpy (10a),
L2 = dtbbpy (10b)] and an 8-fold excess of isocyanide XyNC (Xy = 2,6-dimethylphenyl) afforded
tetraiminoacyl complexes of [2,5-(C4H2S)(C NXy)8Pd2Br2], 11. Complexes 2a, b and 3a, b reacted
with TlOTf [(TfO = CF3SO3)] in CH2Cl2 to give 9a, b and 12a, b, respectively, in a moderate yield.
Copyright  2007 John Wiley & Sons, Ltd.
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INTRODUCTION

The chemistry of aryl–palladium complexes is a topic of great
interest because such compounds participate in many impor-
tant palladium-catalyzed organic reactions.1 – 3 In the last
decade many carbon–carbon bond formation processes have
been developed for which a fundamental step is the oxidative
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addition of an aryl halides to Pd(0) complexes. Among the best
known are the palladium-catalyzed cross-coupling reactions
of organic halides with organometallic nucleophiles, which
are powerful tools in organic synthesis,4 – 7 thus Pd(II) com-
plexes play an important role in organic synthesis.7 Insertion
of unsaturated molecules into metal–carbon bonds consti-
tutes a topic of current interest,8 particularly those involving
palladium species because of their important applications in
many organic syntheses.2,3 Thus, study of the insertion of
CO and isocyanides into the palladium–carbon bond has
attracted a great deal of interest, since it constitutes a key step
in important processes such as the Heck reaction.1,2 – 11 A few
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examples of insertion of CO into thiophene–palladium (II)
complexes leading to acylpalladium (II) complexes have been
reported.12 In this paper, we wish to present the reactivity
of novel thiophene–palladium complexes, in particular their
reactions with different molarities of CO and isocyanides.
Insertion reactions of isocyanides into the C–Pd bonds lead
to isolation of the insertion species of iminoacyl complexes.
The sequential insertion of two or more unsaturated species
is of interest to us, because such processes constitute the first
steps of important copolymerization reactions. Thus, copoly-
merization of CO and olefins using palladium catalysts takes
place through alternating insertion of olefins and CO into the
palladium carbon bond, and it constitutes a promising source
of very interesting polymers.13 – 16 Thus the insertion of CO
into the Pd–C bond, resulting the formation of acylpalladium
derivatives, constitutes a key step of the palladium-catalyzed
carbonylation of organic substrates in laboratory synthesis
and also in industrial processes. Insertion of isonitriles into
Pd–C bonds also constitutes a subject of great interest, as
it leads to new types of organopalladium complexes and
because it is very important for organic synthesis. As we
report here, mono-, di-, tri-, and tetrainsertion reactions of
isocyanides produce thienylene palladium and thienylene-
bridged dipalladium complexes. Although the monoinsertion
reactions of isocyanides into the thiophene–platinum bond
to give iminoacyl complexes are well known,17 the sequential
insertion reactions of isocyanides with thiophene palladium
(II) complexes are rare.18

Thiophene-containing iminoacyl compounds are widely
known as an important class of materials19,20 which show
intrinsic electronic properties such as luminescence,21 – 23

redox activity,24 nonlinear optical chromism25 and elec-
tron transport.26 While triarylamines generally carry
a role of hole-transport for organic electrolumines-
cent (EL) display devices,27 – 33 thienylphenylene-containing

triarylamines showed different properties.19,20,25 Thus, inser-
tion of XyNC into Pd–Me bonds followed by treatment
with norbornadiene,34,35 ethylene, propylene, allenes,34 iso-
cyanates or isothiocyanates35,36 has been reported.

RESULTS AND DISCUSSION

Synthesis of thienylene palladium complexes of
cis-[2-(5-BrC4H2S)BrPd(L2)], 2a, b, and
thienylene-bridged dipalladium complexes of
cis-cis-[2,5-(C4H2S)Pd2Br2(L2)2], 3a, b
[L2 = 2, 2′-bipyridine (bpy) (a) and
L2 = 4, 4′-di-tert-butyl-2,2′-bipyridine (dtbbpy)
(b)]
A method was used similar to the one described recently for
the synthesis of cis-[Pd(C6H4OX-2)I(bpy)] (X = H, MeCO),37

involving the reaction of 2-iodophenol with [Pd2(dba)3]·dba
and bpy, or dtbbpy. Such a procedure has been shown to
be useful for the synthesis of organopalladium complexes
containing nitrogen38,39 or phosphorus donor ligands,40 and
it was applied recently to the synthesis of palladated o-aniline
derivatives.41

Similarly, we have synthesized a new derivative of
cis-[2-(5-BrC4H2S)BrPd(L2)] [L2 = 2, 2′-bipyridine (bpy), (2a)
and L2 = 4, 4′-di-tert-butyl-2,2′-bipyridine (dtbbpy) (2b)] by
oxidative addition reactions of the corresponding 2,5-
dibromothiophene 1 to [Pd2(dba)3]·dba [Pd(dba)2)] in the
presence of a stoichiometric amount of nitrogen donor lig-
ands such as bpy or dtbbpy with equimolar ratio in degassed
acetone under nitrogen. The resulting mixture was stirred
at 0 ◦C for 30 min and at room temperature for 3 h to
give mononuclear σ -thienyl palladium (II) complexes 2a,
b in high yields, 98 and 91% respectively, as shown in
Scheme 1. A similar reaction of 2,5-dibromothiophene 1 with
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Pd2(dba)3·dba [Pd(dba)2] in the presence of a stoichiomet-
ric amount of bpy or dtbbpy in a 1 : 2 : 2 molar ratio in
degassed acetone under nitrogen led to oxidative addi-
tion of C–Br bonds to two Pd centers giving dinuclear
palladium complexes with bridging thienylene ligand as
cis-cis-L2PdBr[µ–2, 5-(C4H2S-)PdBr(L2], 3a, b [L2 = bpy (3a),
L2 = dtbbpy (3b)] in high yields, 90 and 86% respectively, as
outlined in Scheme 1.

In order to obtain insight into the pathway of the reaction,
we examined the reaction of 2a, b with Pd(0) complex
[Pd2(dba)3]·dba [Pd(dba)2)]. The reaction in degassed acetone
in 1 : 1 molar ratio afforded a complex with the symmetrical
structure of a thienylene-bridged dipalladium complex 3a, b
as a yellow solid in low yields as well as unidentified species
as a minor product (Scheme 1), whereas the reaction in the
presence of equimolar or excess of Pd(dba)2 caused formation
of 2a, b or 3a, b as sole product, and we did not observe
unusual C–S bond cleavage of the thiophene ring. Complexes
3a and 3b were also obtained as byproducts in very low yields
(8.6, 8%) during the reaction of 2,5-dibromothiophene 1 with
equimolar bpy or dtbbpy and [Pd2(dba)3]·dba [Pd(dba)2] at
room temperature. This procedure has proved to be useful
for the synthesis of similar organopalladium complexes.42

We observed that the yields are better if the molar ratios of
2,5-dibromothiophene 1 to Pd and L2 to Pd are 1 : 1 or 1 : 2 or
even greater. However, some decomposition to palladium
metal always occurs. In this context, studies focused on
the synthesis of novel thienylene palladium complexes
cis-[2-(5-BrC4H2S)BrPd(L2)] (2a, b) and thienylene-bridged
dipalladium complexes of cis-cis-[Pd2{C4H2S-(2, 4)}Br2(L2)2]
(3a, b) have shown that they undergo insertion of small
molecules such as CO and isocyanide in different molarities.

Reaction of CO with thienylene palladium and
bridging thienylene dipalladium complexes
The acylpalladium derivatives of 2-(5-BrC4H2S)COPdBrL2,
4a, b [L2 = bpy (4a), L2 = dtbbpy (4b)], and 2, 5-(C4H2S)

(CO)2Pd2Br2(L2)2, 5a, b [L2 = bpy (5a) and L2 = dtbbpy
(5b)], were obtained in moderate yields (70, 40 and
52, 36% respectively), when CO was bubbled through
a CH2Cl2 solution of 2a, b or 3a, b. Treatment of 2a,
b with CO (1 atm) in CH2Cl2 at room temperature
caused smooth CO insertion to give a complex with
the unsymmetrical structure of the monoinserted species
of monoacyl complexes cis-2-(5-BrC4H2S)COPdBrL2], 4a, b
[L2 = bpy (4a), L2 = dtbbpy (4b)] in moderate yields (70 and
40% respectively). Similarly, complexes 3a, b treated with
CO gave a symmetrical structure of cis-cis-[(L2)BrPd(CO)[-
2,5-(C4H2S-)(CO)PdBr(L2)] 5a, b [L2 = bpy (5a), L2 = dtbbpy
(5b)] in moderate yields (52 and 36%).

Complexes 4b and 5b have quite a similar solubility to
the starting material and were not isolated by fractional
crystallization; also, the lower yield of 4b, 5b than 4a, 5a
may be due to the larger steric hindrance of 4,4′-di-tert-butyl-
2,2′-bipyridine (dtbbpy) than 2,2′-bipyridine (bpy), for the
CO insertion into a Pd–C bond in the thienylene briged

complex. The reaction occurs selectively at one of the Pd–C
bonds and shows no further CO insertion. Similar selective
CO insertion into a Pd–C bond of arylene- or biarylene-
bridged dinuclear Pd complexes was observed.43 IR spectra
for the crude product before purification show a strong
νC O absorption at 1598 cm−1 The 13C NMR signals at
δ221.6 support the single CO insertion into Pd–C bond of the
thiophene palladium complexes.

Reaction of isocyanide with thienylene
palladium and bridging thienylene dipalladium
complexes
Monoinsertion of isonitrile (CNXy)
The reaction of complexes 2a, b with 1 mole of isoni-
trile CNXy (1 : 1 molar ratio), Xy (Xy = 2, 6-Me2C6H3) at
room temperature gave a complex with the unsymmet-
rical structure of the monoinserted species of iminoacyl
complexes cis-[2-(5-BrC4H2S)C NRPdBrL2], 6a, b [L2 = bpy
(6a), L2 = dtbbpy (6b), R = Xy] in excellent yield, 89 and
69%, as shown in Scheme 3. Similarly, insertion of isoni-
trile CNXy (Xy = 2, 6-Me2C6H3) into complex 3a, b gave a
complex with the symmetrical structure of the iminoacyl
complexes cis-cis-[(L2)(CNXy)BrPdC4H2S-PdBr(CNXy)(L2)],
10a, b [L2 = bpy (10a), L2 = dtbbpy (10b)] in excellent yield
(54.9 and 52% respectively; Scheme 3). The IR spectrum
shows the ν(C C) for the iminoacyl metal complex.44 – 47

The crude product before purification shows an absorp-
tion band at 2160 cm−1 assigned to ν(C N) of the isoni-
trile coordinated to a Pd centre. These results suggest that
the reaction gives not only 10a, b but also cationic com-
plexes such as [(L2)(CN-R)Pd-C4H2S-Pd(CN-R)(L2)]Br2 or
[(L2)BrPd-C( N-R)C4H2S-Pd(CN-R)(L2)]Br [L2 = bpy (10a),
L2 = dtbbpy (10b), R = Xy (Xy = 2, 6-Me2C6H3)], which
may be regarded as the intermediate for formation of
10a, b. Thus the reactions with more bulky isocyanides
such as CNXy (Xy = 2, 6-Me2C6H3) with ligands such as
L2 = 2, 2′-bipyridine (bpy) (10a) and L2 = 4, 4′-di-tert-butyl-
2,2′-bipyridine (dtbbpy) (10b) gave the cationic adducts
and the neutral complexes with the symmetrical structure
cis-cis-[(L2)BrPd-C( N-R)C4H2S–C( N-R)-PdBr(L2)], 10a, b
[L2 = bpy (10a), L2 = dtbbpy (10b)]. Complexes 10a and b
were isolated by repeated recrystallization with yields of
49 and 60%, respectively. Sonogashira and co-workers44

reported that insertion of aryl isocyanide into the Pt–C
bonds of thienyl bridged diplatinum complexes occurred
to give unsymmetric or symmetric iminodiplatinum com-
plexes at much higher temperatures and their insertion was
affected by the bulkiness of isocyanide and ligands on plat-
inum. In our case, using bulky isocyanides such as CNXy
(Xy = 2, 6-Me2C6H3), iminoacyl palladium complexes with
symmetrical structure were easily formed under mild condi-
tions. These results indicate that isocyanide insertion into the
Pd–C bonds of thienylene bridged dipalladium complexes
occurs more easily than into the Pt–C bonds of thienylene
bridged diplatinum complexes. Previous work by Mantovani
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et al.48 also showed that isocyanide insertion at room tempera-
ture occurs in the Pd–C bond of 2-thienylpalladium complex.
Thus the reaction between isonitriles and Pd(0) complexes has
been shown to give Pd(CNXy)2 complex [equation (1) and as
outlined in the following equations].49

Pd(dba)2 + 2RXyNC −−−→ Pd(CNXy)2 (1)

Pd(CNXy)2 + RX −−−→ [Pd(R)X(CNXy)2] (2)

[Pd(R)X(CNXy)2] −−−→ 2/3 [Pd{C(= NXy)

(R)}X(CNXy)2] + 1/3 ’’Pd(R)X (3)

Reactions between acyl, aroyl and alkyl chlorides and
Pd(CNtBu)2 give the complexes [Pd(R)X(CNtBu)2] [equa-
tion (2); R = MeC(O), PhC(O), (CH2)2CO2Et, CH(Ph)CO2Et,
CH2CO2Me, X = Cl], but not insertion products.50 Otsuka
showed that similar complexes with R = CH2Ph, X = Br, I
could be isolated by reacting Pd(CNtBu)2 with XR but with
X = Cl the complex trans [Pd{C( NtBu)CH2Ph}Cl(CNtBu)]2

was obtained.51 Similarly, the reaction of Pd(CNtBu)2 with
trans BrCH CHCO2Me gave trans [Pd{C( NtBu)CH CHCO2

Me}Br(CNtBu)]2.

Triinsertion of isonitrile (CNXy)
Complexes 2a, b were treated with a 3-fold excess
of isonitrile XyNC to give triiminoacyl complexes of

[2-(5-BrC4H2S)(C NXy)3PdBr], 7, in good yield (74%;
Scheme 3), which was obtained also by cyclization reactions
of complexes 6a, b with 2 mole equivalent of isonitrile XyNC
(Xy = 2,6-dimethylphenyl). The IR spectrum of complex
7 in the crude product shows two bands at 2180 and
2220 cm−1 assignable to the two ν(C N); two bands at 1603
and 1650 cm−1 may be due to the ν(C N) group, and one
of the remaining bands may be assignable to the ν(C C)
mode corresponding to the ν(thienyl) or to the ligands group
coordinated to the palladium atom. This is attributed to the
structure of the complex 7 and may be in two tautomeric
forms as outlined in Scheme 2.

Tetrainsertion of isonitrile (CNXy)
Complex 8 was obtained in good yield (85%) either by direct
oxidative addition reaction of 2,5-dibromothiophene 1 with
a 4-fold isonitrile XyNC in the presence of Pd(dba)2 or by
indirect treatment of 2a, b with 4-fold XyNC in CH2Cl2, as
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shown in Scheme 3. Cyclization reactions of complexes 6a, b
in the presence of 3 mole equivalent of isonitrile XyNC (Xy
= 2,6-dimethylphenyl) or by cyclization reaction of 7 in the
presence of 1 mole equivalent of same isonitrile XyNC both
gave an unsymmetrical structure of tetraiminoacyl complexes
[2-(5-BrC4H2S)(C NXy)4PdBr], 8, in same yield.

In a similar reaction, complex 3a, b was reacted
with a 8-fold or excess isocyanide XyNC (Xy = 2,6-
dimethylphenyl) in CH2Cl2 to give symmetrical structure of
tetraiminoacyl complexes of [2,5-(C4H2S)(C NXy)8Pd2Br2],
11, in a moderate yield (49.8%).

These complexes, 8 and 11, were confirmed by physical
tools (IR, NMR, elemental analysis), which were consistent
with the result described by Vicente et al.52 for the tri-
and tetra-insertion of an isocyanide XyNC (Xy = 2,6-
dimethylphenyl) into the Pd–C bond of the ortho-substituted
phenylpalladium complexes. There is no precedent for this
type of ring structure, until confirmed by an X-ray structure
analysis.52

Reactions with TlOTf [(Tf = CF3SO2)]
Treatment of complexes 2a, b with TlOTf [(Tf = CF3SO2)]7,37

in CH2Cl2 gave cycloplladate cation or palladocycle of 9a, b
in a moderate yield (43 and 25.5% respectively). According
to the IR and 1H NMR spectra, they seem to be dimers of
the structure outlined in Scheme 3. The IR spectrum of the

crude material shows one band assignable to ν(thienyl), two
bands assignable to the ν(S O), and one band assignable to
the ν(C N) mode corresponding to the ligands coordinated
to the palladium atom.

Similarly, complexes 3a, b were treated with TlOTf
[(Tf = CF3SO2)]7,37 in CH2Cl2 to give cyclopalladated cation
or palladacycle 12a, b in moderate yield. According to the IR
and 1H NMR spectra, there seem to be four nuclear cations
of palladacycle formed by coordination, although the sulfur
atoms of the thiophene ring bond to the fragments that
result from the loss of the Br bridges. The structure has a trans
geometry of structure as outlined in Scheme 4. However, their
elemental analyses, although close to the calculated values,
are not correct and no suitable crystals for an X-ray diffraction
study could be obtained, with the result that these compounds
have not been characterized. However, coordination of the
TfO anion cannot be discounted. To the best of our knowledge,
few examples of insertion of an isocyanide into a Pd–C bond
of the thienylene palladium complexes are known. Analytical
and spectroscopic data are in agreement with the proposed
formulation, as outlined in Scheme 4.

Spectroscopic properties
The bands assignable to ν(thienyl), ν(bpy) and ν(dtbbpy) in
the IR spectra of the palladated thiophene complexes (those
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containing the letter a and b) were observed within the range
1540–1731 cm−1.

In the case of complex 2a, two bands at 1602 and 1731 cm−1

were observed; this may be due to the existence of two
different structural environments of the thienyl and bpy
group in the solid state. Complexes having the bpy and
dtbbpy showed the ν(C N) and ν(C C) bands in the region
1540–1731 cm−1, while those having C C groups showed
one or two bands in the region 1614–1731 cm−1. The IR
spectrum of complex 2b showed one band at 1544 cm−1

assignable to ν(thienyl) and two bands at 1715 and 1614 cm−1;
one of them may be due to the ν(C N) group, and the
other one of the remaining band may be assignable to the
ν(C C) mode corresponding to the dtbbpy ring coordinated
to the palladium atom. The 1H-NMR spectra of complexes 2a,
b show two doublet signals corresponding to the thienyl
protons appearing in the different chemical shift region
at δ6.64 and 6.99 ppm with the same coupling constant,
3JHH = 3.6 Hz.

In the case of complex 3a, two bands at 1542 and
1614 cm−1 were observed and are assignable to the ν(thienyl)
and ν(C N) groups of the ν(bpy). The IR spectrum of
complex 3b showed one band at 1540 cm−1 assignable to
ν(thienyl) and one band at 1618 cm−1 assignable to the
ν(C N) group of the mode corresponding to the dtbbpy ring
coordinated to the palladium atom. The 1H-NMR spectra
of complexes 3a, b showed singlet signals corresponding to
the theinyl protons appearing in the different chemical shift
regions δ7.32, 7.42, 6.73, 7.16 ppm, showing that they slowly
decompose in solution to the corresponding complexes (see
the Experimental section).

The compounds 2a, b and 3a, b show fluxional behavior
because the halves of dtbbpy and bpy, respectively,
are equivalent at room temperature. However, at low
temperature (−40 and −55 ◦C), the fluxional processes are
slower than the 1H-NMR time scale, showing the two different
parts of those ligands. Such behavior has been observed
previously, and it has been proposed that the rotation
takes place through the dissociation of one Pd–N ligand,
probably that trans to the carbon donor ligand, which exerts
a greater trans influence, to give a Y-shaped intermediate.53

The band assignable to ν(C O) in the IR spectra of the
acylpalladated complexes was observed within the range
1540–1598 cm−1. In the case of 4a and 4b, one band at the
same absorption, 1598 cm−1, was observed; this may be due to
the existence of two different structural environments of the
ν(C O) group in the solid state. In contrast, the analogous
5a and 5b showed only one band at 1601 and 1540 cm−1,
respectively, as expected. It was not possible to observe
clearly the corresponding bands in complexes 6a and6b,
which showed bands assignable to ν(C N) at different
bands, 1645, 1584, 1506 cm−1 and 1644, 1585, 1502 cm−1. In
complex 7, the IR spectrum showed one band at 2180 cm−1

assignable to ν(C N) and two bands at 1603 and 1650 cm−1;
one of them may be due to the ν(C N) group, and the
other remaining band may be assignable to the ν(C C)

mode corresponding to the ν(thienyl) or to the ligands group
coordinated to the palladium atom. This proved that the
complex was in two tautomeric forms. The 1H-NMR spectra
of complexes 7 showed two singlet signals at δ2.16 and
2.23 ppm, corresponding to those methyl groups of the Xy
substitute, due probably to a restricted rotation around the
C–N bond at room temperature.

In complex 8, its IR spectrum showed one band at
2194 cm−1 assignable to ν(C N) and two bands at 1605 and
1642 cm−1; one of them may be due to the ν(C N), and one of
the remaining bands may be assignable to the ν(C C) mode
corresponding to ν(thienyl) or to the ligands coordinated to
the palladium atom. Something similar seemed to occur in
complexes 8, since they showed seven signals in the 1H-
NMR spectra at δ1.36, 2.14, 2.15, 2.25, 2.28, 2.29 and 2.63 ppm
assignable to numbers of methyl groups, which implies that
one of the Xy groups had a restricted rotation; we believe
that it must also be the iminic Xy group. In the case of the
complex 9a and b, its IR spectrum showed bands at 1630 and
1544 cm−1 assignable to ν(thienyl) and two bands at 1715 and
1614 cm−1; one of them may be due to the ν(C C), and the
other remaining band may be assignable to the ν(C N) mode
corresponding to the ligands coordinated to the palladium
atom (Scheme 3).

In the case of the complex 10a and b, its IR spectrum showed
one band at 1603 and 1545 cm−1 assignable to ν(thienyl) and
signal bands at 1732, 1717 and 1615 cm−1; one of them may
be due to ν(C C), and one of the remaining bands may
be assignable to the ν(C N) mode corresponding to the
ligands coordinated to the palladium atom (Scheme 4). It
was not possible to observe clearly the corresponding bands
in complex 10a andb, which showed bands assignable to
ν(C N) at different bands, 1647, 1585, 1506 cm−1 and 1644,
1585, 1502 cm−1. In the case of the complex 11, its IR spectrum
showed one band at 2197 cm−1 assignable to ν(C N) and
two bands at 1605 and 1647 cm−1; one of them may be due to
the ν(C N), and the other remaining band may be assignable
to the ν(C C) mode corresponding to the ν(thienyl) or to the
ligands coordinated to the palladium atom (Scheme 4). The
NMR spectra of complexes 11 showed seven singlet signal at
δ1.36, 2.14, 2.15, 2.25, 2.28, 2.29 and 2.63 ppm, corresponding
to the numbers of methyl groups of the Xy substituent, due
probably to a restricted rotation around the C–N bond at
room temperature. In the case of the complex 12a andb, its IR
spectrum showed bands at 1635 and 1555 cm−1 assignable to
ν(thienyl) and two bands at 1716 and 1615 cm−1; one of them
may be due to the ν(C C), and the other remaining band
may be assignable to the ν(C N) mode corresponding to the
ligands coordinated to the palladium atom (Scheme 4).

CONCLUSIONS

We synthesized novel thienyl palladium and thienylene-
bridged dipalladium complexes from the oxidative addition
of 2,5-dibromothiophenes 1 with Pd(dba)2 in the presence
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of a stoichiometric amount of nitrogen donor ligands such
as L2 = 2, 2′-bipyridine (bpy) (1a) and L2 = 4, 4′-di-tert-
butyl-2,2′-bipyridine (dtbbpy) (1b), whereas the reaction in
the presence of equimolar or excess Pd(dba)2 caused the
formation of 2a, b or 3a, b as the sole product. We did not
observe unusual C–S bond cleavage of thiophene ring during
the reaction process. These results do not provide any clue to
elucidating the detailed mechanism of C–S bond cleavage of
the thiophene ring. The thienyl palladium and thienylene-
bridged dipalladium complexes underwent insertion of
unsaturated molecules such as CO and isocyanide into their
Pd–C bond at room temperature. Palladium complexes are
an effective intermediate which were isolated smoothly and
confirmed by IR, NMR and elemental analysis.

EXPERIMENTAL

Reactions were carried out without precautions to exclude
atmospheric moisture, unless otherwise stated. The IR and
C, H, N and S analyses and melting point determinations
were carried out as described elsewhere.54 NMR spectra
were recorded on Varian Unity 300 and Bruker Unity 200
instruments. Chemical shifts were referred to TMS (1H and
13C{1H}). 13C NMR assignments were made with the help of
DEPT techniques. Chromatographic separations were carried
out by TLC on silica gel 60 ACC (70–230 mesh). Complex
of Pd-(dba)2 ([Pd2(dba)3]dba)55,56 was prepared as previously
reported.

Synthesis of cis-[2-(5-BrC4H2S)BrPd(bpy)] (2a)
Method A
2,5-Dibromothiophene, 1 (85 µl, 0.75 mmol), was added to
a suspension of Pd(dba)2 (432 mg, 0.75 mmol) and bpy (2,2
bipyridine; 120 mg, 0.75 mmol) in degassed acetone (25 ml)
under nitrogen, and the resulting mixture was stirred at 0 ◦C
for 30 min and then stirred at room temperature for 3 h. The
solvent was evaporated in vacuo, the residue extracted with
CH2Cl2 (20 ml), and the resulting suspension filtered over
anhydrous MgSO4. The solvent was concentrated to dryness
and the residue washed with diethyl ether (3 × 20 ml). The
resulting solid was separated by filtration, washed with Et2O
(2 × 20 ml) and air-dried to give 2a as a yellow solid. Yield:
375 mg, 98%. M.p. : 150–151 ◦C dec. IR (Nujol): ν(CH δ oop,
thienyl) 839 cm−1; ν(thienyl) 1602.4 cm−1; ν(bpy) 1731 cm−1.
1H NMR (300 MHz, CDCl3): δ6.64 (d, 1H, J = 3.6 Hz), 6.99
(d, 1H, J = 3.6 Hz), 7.26–7.46 (m, 1H), 7.54–7.59 (m, 1H),
8.01–8.08 (m, 4H), 8.13 (d, 1H, J = 5.4 Hz), 9.46 (d, 1H,
J = 5.6 Hz). 13C{1H}-NMR (75 MHz, CDCl3); d, 110.487 (s,
thienyl of C–Br), 120.726 (s, C8 bpy), 121.262 (s, C8′ bpy),
125.650 (s, C10 and C10′ bpy), 128.884 (s, thienyl of C3),
129.238 (s, thienyl of C4), 137.946 (s, C9 or C9′ bpy), 138.150
(s, C9 or C9′ bpy), 149.800 (s, C11 or C11′ bpy), 150.181
(s, C11 or C11′ bpy), 151.180 (s, C7′ bpy), 152.655 (s, C7
bpy), 154.643 (s, C–Pd). Gc; tR = 14.738 min; column; DB-5

6 m × 0.01 mm + 1 m guard column; temperature program:
50 ◦C/2 min/20 ◦C min−1/250 ◦C/5 min; LRMS (EI); m/z 156
(M+, 100), 141 (<5), 132 (<5), 128 (35), 123 (<5), 102 (5), 78
(35), 74 (5), 63 (5), 51 (35). Anal. calcd for C14H10N2Br2PdS
(504.53): C, 33.33; H, 2.00; N, 5.55; S, 6.36. Found: C, 33.47; H,
1.98; N, 5.61; S, 5.96.

Synthesis of cis-[Pd2{C4H2S-(2,4)}Br2(bpy)2] (3a)
Method A
2,5-Dibromothiophene, 1 (85 µl, 0.75 mmol), was added to
a suspension of Pd(dba)2 (864 mg, 1.5 mmol) and bpy (2,2
bipyridine; 240 mg, 1.5 mmol) in degassed acetone (25 ml)
under nitrogen, and the resulting mixture was stirred at 0 ◦C
for 30 min and then stirred at room temperature for 24 h.
The solvent was evaporated in vacuo, the residue washed
with boiling n-hexane (4 × 10 ml), to eliminate dba, giving
an orange solid. Since this solid contained some [PdBr2(bpy)]
[1H-NMR, 9.83(d), 7.94(s), 7.51(dd)], it was re-dissolved in
CH2Cl2 (2 ml), applied to a preparative TLC sheet, and eluted
with CH2Cl2. The yellow band was extracted with acetone
(25 ml). The resulting yellow solution was concentrated to
dryness and the residue treated with CH2Cl2 (20 ml) and
anhydrous MgSO4 (1 h). The resulting suspension was filtered
to give a solution, which was concentrated (2 ml). Addition
of n-hexane (15 ml) caused the precipitation of a solid, which
was separated by filtration, washed with n-hexane (2 × 5 ml)
and air-dried to give 3a as a yellow solid. Yield: 520 mg, 90%.
M.p.: >300 ◦C dec. IR (Nujol): ν(CH δ oop, thienyl) 840 cm−1;
ν(thienyl) 1542 cm−1; ν(bpy) 1614 cm−1. 1H NMR (300 MHz,
CDCl3): δ7.32 (s, 2H), 7.42 (s, 2H), 7.49–7.51 (dd, 2H, J = 2.1
and 5.4 Hz), 7.72–7.78 (dd, 2H, J = 4.8 and 6.3 Hz), 7.81–7.86
(dd, 2H, J = 3.6 and 5.4 Hz), 8.05–8.10 (d, 2H, J = 5.7 Hz),
8.19 (m, 2H), 8.29–8.33 (d, 1H, J = 7.2 Hz), 8.54–8.57 (d, 1H,
J = 7.5 Hz), 8.61–8.64 (d, 2H, J = 7.2 Hz), 8.88–8.90 (d, 2H,
J = 5.1 Hz). Anal. calcd for C24H18Br2N4Pd2S (767.141): C,
37.58; H, 2.37; N, 7.30; S, 4.18. Found: C, 37.49; H, 2.28; N, 7.31;
S, 4.01.

Synthesis of cis-[2-(5-BrC4H2S)BrPd(bpy)] (2a)
and cis-[Pd2{C4H2S-(2,4)}Br2(bpy)2] (3a)
Method B
2,5-Dibromothiophene, 1 (85 µl, 0.75 mmol), was added to
a suspension of Pd(dba)2 (432 mg, 0.75 mmol) and bpy (2,2
bipyridine; 120 mg, 0.75 mmol) in degassed acetone (25 ml)
under nitrogen, and the resulting mixture was stirred at
0 ◦C for 30 min and continue stirring at room temperature
for 6 h. It was filtered to isolate the first portion of solid
compound 3a and the residue washed with boiling n-hexane
(4 × 10 ml), to eliminate dba, giving an orange solid. Since
this solid contained some [PdBr2(bpy)] [1H-NMR, 9.83(d),
7.94(s), 7.51(dd)], it was re-dissolved in CH2Cl2 (2 ml), applied
to a preparative TLC sheet, and eluted with CH2Cl2. The
yellow band was extracted with acetone (25 ml). The resulting
yellow solution was concentrated to dryness and the residue
treated with CH2 –Cl2 (20 ml) and anhydrous MgSO4 (1 h).
The resulting suspension was filtered to give a solution,
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which was concentrated (2 ml). Addition of n-hexane (15 ml)
caused the precipitation of a solid, which was separated by
filtration, washed with n-hexane (2 × 5 ml), and air-dried to
give 3a as a yellow solid. Yield: 50 mg, 8.6%. M.p.: >300 ◦C
dec. The filtrate (mother liquor) was evaporated in vacuo,
the residue extracted with CH2Cl2 (20 ml), and the resulting
suspension filtered over anhydrous MgSO4. The solvent was
concentrated to dryness and the residue washed with diethyl
ether (3 × 20 ml) to eliminate dba. The resulting solid was
separated by filtration, washed with Et2O (2 × 20 ml) and air-
dried to give 2a as a yellow solid. Yield: 325 mg, 85%. M.p.:
150–152 ◦C dec.

Synthesis of cis-[2-(5-BrC4H2S)BrPd(dtbbpy)]
(2b)
Method A
2,5-Dibromothiophene (85 µl, 0.75 mmol) was added to a
suspension of Pd(dba)2 (432 mg, 0.75 mmol) and dtbpy(4,4-
di-tert-butyl-2,2 bipyridine; 210 mg, 0.75 mmol) in degassed
acetone (25 ml) under nitrogen, and the resulting mixture
was stirred at 0 ◦C for 30 min and then stirred at room
temperature for 3 h. The solvent was evaporated in vacuo,
the residue extracted with CH2Cl2 (20 ml), and the resulting
suspension filtered over anhydrous MgSO4. The solvent
was concentrated to dryness and the residue was heed
with diethyl ether (3 × 20 ml). The resulting solid was
separated by filtration, washed with Et2O (2 × 20 ml) and
air-dried to give 2b as a yellow solid, in a yield of
420 mg, 91%. M.p.:160–162 ◦C dec. IR (Nujol): ν(CH δ oop,
thienyl) 852 cm−1; ν(thienyl) 1544 cm−1; ν(dtbbpy) 1715 and
1614 cm−1. 1H NMR (300 MHz, CDCl3): δ1.41 (s, 9H), 1.43
(s, 9H), 6.64 (d, 1H, J = 3.46 Hz), 6.98 (d, 1H, J = 3.46 Hz),
7.38–7.42 (dd, 1H, J = 1.75 and 4.06 Hz), 7.51–7.55 (dd,
1H, J = 1.73 and 5.77 Hz), 7.95–8.00 (m, 3H), 9.33 (d, 1H,
J = 5.79 Hz). Anal. calcd for C22H26N2Br2SPd-Et2O: C, 45.21;
H, 5.21; N, 4.05; S, 4.63. Found: C, 45.19; H, 4.41; N, 4.13; S,
4.61 [1 mole of diethyl ether incorporating in the complex 2b].

Synthesis of cis-[Pd2{C4H2S-(2,4)}Br2(dtbbpy)2]
(3b)
Method A
2,5-Dibromothiophene(85 µl, 0.75 mmol) was added to a
suspension of Pd(dba)2 (864 mg, 1.5 mmol) and dtbpy (4,4-
di-tert-butyl-2,2 bipyridine; 420 mg, 1.5 mmol) in degassed
acetone (25 ml) under nitrogen, and the resulting mixture was
stirred at 0 ◦C for 1 h and then stirred at room temperature for
24 h. The solvent was evaporated in vacuo, then the residue
washed with boiling n-hexane (4 × 10 ml), to eliminate dba,
giving an orange solid. Since this solid contained some
[PdBr2(dtbbpy)] [1H-NMR, 9.83 (d), 7.95 (s), 7.52 (dd), 1.45 (s)],
it was re-dissolved in CH2Cl2 (2 ml), applied to a preparative
TLC sheet, and eluted with CH2Cl2. The yellow band was
extracted with acetone (25 ml). The resulting yellow solution
was concentrated to dryness and the residue treated with
CH2Cl2 (20 ml) and anhydrous MgSO4 (1 h). The resulting
suspension was filtered to give a solution, which was

concentrated (2 ml). Addition of Et2O (25 ml) caused the
precipitation of a solid, which was separated by filtration,
washed with Et2O (2 × 5 ml), and air-dried to give 3b as
a yellow solid. Yield: 640 mg, 86%. M.p.: >300 ◦C dec. IR
(Nujol): ν(CH δ oop, thienyl) 855.5 cm−1; ν(thienyl) 1540 cm−1;
ν(dtbbpy) 1618 cm−1. 1H NMR (200 MHz, CDCl3): δ1.44 (s,
18H), 1.56 (s, 18H), 6.73 (s, 2H), 7.16 (s, 2H), 7.38 (bs, 2H),
7.51–7.53 (m, 4H), 7.89 (d, 1H, J = 6.35 Hz), 8.00 (bs, 1H),
9.56 (d, 2H, J = 6.09 Hz). Anal. calcd for C40H50Br2N4Pd2S
(991.566): C, 48.45; H, 5.08; N, 5.65; S, 3.23. Found: C, 44.93;
H, 4.74; N, 5.62; S, 3.61.

Synthesis of cis-[2-(5-BrC4H2S)BrPd(dtbbpy)]
(2b) and cis-[Pd2{C4H2S-(2,4)}Br2(dtbbpy)2] (3b)
Method B
2,5-Dibromothiophene (85 µl, 0.75 mmol) was added to a
suspension of Pd(dba)2 (432 mg, 0.75 mmol) and dtbpy(4,4-
di-tert-butyl-2,2 bipyridine; 210 mg, 0.75 mmol) in degassed
acetone (25 ml) under nitrogen, and the resulting mixture was
stirred at 0 ◦C for 30 min, then stirred at room temperature
for 6 h. It was filtered to isolate the first portion of solid
compound 3b, then the residue washed with boiling n-hexane
(4 × 10 ml) to eliminate dba, giving an orange solid. Since this
solid contained some [PdBr2(dtbbpy)] [1H-NMR, 9.83 (d), 7.95
(s), 7.52 (dd), 1.45 (s)], it was re-dissolved in CH2Cl2 (2 ml),
applied to a preparative TLC sheet, and eluted with CH2Cl2.
The yellow band was extracted with acetone (25 ml). The
resulting yellow solution was concentrated to dryness and the
residue treated with CH2Cl2 (20 ml) and anhydrous MgSO4

(1 h). The resulting suspension was filtered to give a solution,
which was concentrated (2 ml). Addition of Et2O (25 ml)
caused the precipitation of a solid, which was separated by
filtration, washed with Et2O (2 × 5 ml), and air-dried to give
3b as a yellow solid. Yield: 60 mg, 8%. M.p.: >300 ◦C dec.

The filtrate (mother liquor) was evaporated in vacuo, the
residue extracted with CH2Cl2 (20 ml), and the resulting
suspension filtered over anhydrous MgSO4. The solvent was
concentrated to dryness and the residue washed with Et2O
(3 × 20 ml) to eliminate dba. The resulting solid was separated
by filtration, washed with Et2O (2 × 20 ml) and air-dried to
give 2b as a yellow solid.

Yield: 300 mg, 65%. M.p.: 160–162 ◦C dec.

Reactions of complexes 2a, b and 3a, b with
carbon monoxide
General procedure
Complexes 2a, b, 3a, b (0.23 mmol) was dissolved in CH2Cl2

(2 ml) at room temperature (r.t.) after evacuation of the
system. CO (1 atm) was introduced and the initial pale
yellow solution immediately turned orange-yellow. After the
solution was stirred for 4 h at r.t., the solvent was evaporated
under a reduced pressure to give a yellow residue, which was
recrystallized from THF–hexane to give a yellow solid of 4a,
b and 5a, b, as described below.

Reaction of CO with 2a (104 mg, 0.23 mmol) was carried
out analogously to give cis-[2-(5-BrC4H2S)COPdBr(bpy)] (4a)
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in a yield of 70 mg, 70%. M.p.: >300 ◦C dec. IR (Nujol):
ν(CH δ oop, thienyl) 839 cm−1; νC O, 1598 cm−1, ν(thienyl)
1602.4 cm−1; ν(bpy) 1731 cm−1. 1H NMR (300 MHz, CDCl3):
δ6.65 (d, 1H, J = 3.6 Hz), 6.98 (d, 1H, J = 3.6 Hz), 7.25–7.48
(m, 1H), 7.55–7.60 (m, 1H), 8.01–8.10 (m, 4H), 8.14 (d, 1H,
J = 5.4 Hz), 9.45 (d, 1H, J = 5.6 Hz). 13C{1H}-NMR (75 MHz,
CDCl3); δ110.487 (s, thienyl of Cipso-Br), 120.726 (s, CH bpy),
121.262 (s, CH bpy), 125.650 (s, 2CH bpy), 128.884 (s, thienyl
of HC-3), 129.238 (s, thienyl of HC-4), 137.946 (s, CH bpy),
138.150 (s, CH bpy), 149.800 (s, CH bpy), 150.181 (s, CH bpy),
151.180 (s, Cipso bpy), 152.655 (s, Cipso bpy), 154.643 (s, thienyl
Cipso-Pd), 221.6 (s, C O). Anal. calcd for C15H10N2Br2OPdS
(432.62); C, 33.83; H, 1.89; N, 5.26; S, 6.02. Found: C, 33.75; H,
1.85; N, 5.25; S, 6.01.

Reaction of CO with 2b (104 mg, 0.23 mmol) was carried
out analogously to give cis-[2-(5-BrC4H2S)COPdBr(dtbbpy)]
(4b), a yellow solid, in a yield of 60 mg, 40%. M.p.:>300 ◦C dec.
air-dried. IR (Nujol): ν(CH δ oop, thienyl) 852 cm−1; ν(thienyl)
1544 cm−1; νC O, 1598 cm−1, ν(dtbbpy) 1715 and 1614 cm−1.
1H NMR (300 MHz, CDCl3): δ1.42 (s, 9H), 1.44 (s, 9H), 6.65
(d, 1H, J = 3.46 Hz), 6.98 (d, 1H, J = 3.46 Hz), 7.38–7.43 (dd,
1H, J = 1.75 and 4.06 Hz), 7.51–7.55 (dd, 1H, J = 1.73 and
5.77 Hz), 7.95–8.09 (m, 3H), 9.35 (d, 1H, J = 5.79 Hz). 13C{1H}-
NMR (75 MHz, CDCl3); δ57.5 (CMe3), 58.0 (CMe3), 109.8 (s,
thienyl of Cipso-Br), 122.7 (s, CH bpy), 121.26 (s, CH bpy),
125.65 (s, 2CH bpy), 129.1 (s, thienyl of HC-3), 130.2 (s, thienyl
of HC-4), 138.1 (s, Cipso bpy), 138.3 (s, Cipso bpy), 149.8 (s, CH
bpy), 151.4 (s, CH bpy), 151.2 (s, Cipso bpy), 152.6 (s, Cipso
bpy), 155.7 (s, thienyl Cipso-Pd), 223.1 (s, C O). Anal. calcd
for C23H26N2Br2SOPd (644.74): C, 42.85; H, 4.06; N, 4.34; S,
4.97. Found: C, 42.19; H, 4.41; N, 4.30; S, 4.94.

Reaction of CO with 3a (208 mg, 0.46 mmol) was carried out
analogously to give cis-cis-[2,5-(C4H2S)(CO)2Pd2Br2(bpy)2]
(5a); Yield: 100 mg, 52%. M.p.: >300 ◦C dec. IR (Nujol):
ν(CH δ oop, thienyl) 840 cm−1; ν(thienyl) 1542 cm−1; νC O,
1601 cm−1; ν(bpy) 1614 cm−1. 1H NMR (300 MHz, CDCl3):
δ7.32 (s, 2H, thienylene), 7.42 (s, 2H), 7.49–7.51 (dd, 2H, J = 2.1
and 5.4 Hz), 7.72–7.78 (dd, 2H, J = 4.8 and 6.3 Hz), 7.81–7.86
(dd, 2H, J = 3.6 and 5.4 Hz), 8.05–8.10 (d, 2H, J = 5.7 Hz),
8.19 (m, 2H), 8.29–8.33 (d, 1H, J = 7.2 Hz), 8.54–8.57 (d, 1H,
J = 7.5 Hz), 8.61–8.64 (d, 2H, J = 7.2 Hz), 8.88–8.90 (d, 2H,
J = 5.1 Hz). 13C{1H}-NMR (75 MHz, CDCl3); δ122.7 (s, CH
bpy), 123.5 (s, CH bpy), 126.65 (s, 2CH bpy), 126.8 (s, thienyl
of Cipso), 132.3 (s, thienyl of CH), 138.1 (s, CH bpy), 138.2 (s,
CH bpy), 150.1 (s, CH bpy), 150.5 (s, CH bpy), 151.2 (s, Cipso
bpy), 152.66 (s, Cipso bpy), 219.9 (s, C O). Anal. calcd for
C26H18Br2N4O2Pd2S (823.12): C, 37.94; H, 2.20; N, 6.81; S, 3.89.
Found: C, 37.89; H, 2.28; N, 6.61; S, 3.91.

Reaction of CO with 3b (208 mg, 0.46 mmol) was car-
ried out analogously to give cis-cis-[2,5-(C4H2S)(CO)2Pd2Br2

(dtbbpy)2] (5b); as a yellow solid. Yield: 87 mg, 36%.
M.p.:>300 ◦C dec. IR (Nujol): ν(CH δ oop, thienyl) 855.5 cm−1;
ν(thienyl) 1540 cm−1; νC O, 1615 cm−1; ν(dtbbpy) 1618 cm−1.
1H NMR (200 MHz, CDCl3): δ1.44 (s, 18H), 1.56 (s, 18H), 6.73
(s, 2H), 7.16 (s, 2H), 7.38 (bs, 2H), 7.51–7.53 (m, 4H), 7.89
(d, 1H, J = 6.35 Hz), 8.00 (bs, 1H), 9.56 (d, 2H, J = 6.09 Hz).

13C{1H}-NMR (75 MHz, CDCl3); δ58.9 (CMe3), 58.4 (CMe3),
122.72 (s, CH bpy), 121.26 (s, CH bpy), 125.65 (s, 2CH bpy),
126.8 (s, thienyl of Cipso), 132.3 (s, thienyl of CH), 138.1 (s,
Cipso bpy), 138.3 (s, Cipso bpy), 149.8 (s, CH bpy), 151.4 (s,
CH bpy), 151.2 (s, Cipso bpy), 152.6 (s, Cipso bpy), 222.21 (s,
C O). Anal. calcd for C42H50N4Br2SO2Pd2: (1047.55)C, 48.16;
H, 4.81; N, 5.35; S, 3.06. Found: C, 48.13; H, 4.74; N, 5.52; S,
3.01.

Reactivity of complex 2a, b toward isocyanide
(XyNC): monoinsertion
General procedure
Isonitrile XyNC (Xy = 2, 6-Me2C6H3) (52 mg, 0.39 mmol) was
added to a suspension of cis complexes of 2a, b (0.20 mmol)
in CH2Cl2 (20 ml). The suspension was stirred for 16 h at
room temperature. The color changed from pale yellow into
pale red and then dark red during monitoring of the reaction
mixture. After this time the workup was carried out in air.
The solvents was filtered over anhydrous MgSO4/Silica gel
(1 : 3). The resulting red solution was evaporated and the
residue was triturated with Et2O (15 cm3). The precipitate
was filtered, washed with Et2O (2 × 5 cm3), and air-dried,
giving a red complex.

Synthesis of
cis-[2-(5-BrC4H2S)C NXyPdBr(bpy)]6a
Reaction of isonitrile XyNC (Xy = 2, 6-Me2C6H3) (52 mg,
0.39 mmol) with 2a (116 mg, 0.23 mmol) was carried out
analogously to give 6a as a red solid, in a yield of 130 mg, 89%.
M.p.: >300 ◦C dec. IR (Nujol): ν (CH δ oop, thienyl) 840 cm−1;
ν(thienyl) 1603 cm−1; ν(bpy) 1732, cm−1,

√
(C N) 1645, 1584,

1506. 1H NMR (300 MHz, CDCl3): δ2.08 (s, 6H, 2Me), 6.64
(d, 1H, J = 3.6 Hz, thieny-H), 6.95 (d, 2H, 3JHH = 7.5 Hz, Ar-
Hm), 6.99 (d, 1H, J = 3.6 Hz, thieny-H), 7.17–7.11 (t, 1H,
3JHH = 7.5 Hz, Ar-HP), 7.28–7.46 (m, 1H), 7.55–7.60 (m, 1H),
8.01–8.10 (m, 4H), 8.15 (d, 1H, J = 5.4 Hz), 9.48 (d, 1H,
J = 5.6 Hz). 13C{1H}-NMR (75 MHz, CDCl3); δ18.5 (Me), 18.6
(Me), 111.2 (s, thienyl of Cipso-Br), 121.7 (s, CH bpy), 122.3
(s, CH bpy), 126.50 (s, 2CH bpy), 127.9 (s, CHmeta), 128.3 (s,
CHpara)129.4 (s, thienyl of HC3), 130.28 (s, thienyl of HC4),
138.46 (s, CH bpy), 138.5 (s, Cipso-ortho C–Me),138.6 (s, CH
bpy), 148.6 (s, CipsoC–N C), 150.80 (s, CH bpy), 152.18 (s,
CH bpy), 153.38 (s, Cipso bpy), 153.8 (s, Cipso bpy), 156.63 (s,
thienyl Cipso)175.9 (s, C N). Anal. calcd for C23H19N3Br2PdS
(635.711): C, 43.45; H, 3.01; N, 6.61; S, 5.04. Found: C, 43.47;
H, 2.98; N, 6.76; S, 5.06.

Synthesis of
cis-[2-(5-BrC4H2S)C NXyPdBr(dtbbpy)]6b
Reaction of isonitrile XyNC (Xy = 2, 6-Me2C6H3) (52 mg,
0.39 mmol) with 2b (141 mg, 0.23 mmol) was carried out
analogously to give 6b as a red solid, in a yield of 120 mg, 69%.
M.p.: >300 ◦C dec. IR (Nujol): ν(CH δ oop, thienyl) 852 cm−1;
ν(thienyl) 1545 cm−1; ν(dtbbpy) 1717 and 1615 cm−1,

√
(C N)

1644, 1585, 1502. 1H NMR (300 MHz, CDCl3): δ1.41 (s, 9H),
1.43 (s, 9H), 2.08 (s, 6H, 2Me), 6.64 (d, 1H, J = 3.46 Hz,
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thieny-H), 6.95 (d, 2H, 3JHH = 7.5 Hz, Ar-Hm), 6.98 (d, 1H,
J = 3.46 Hz, thieny-H), 7.17–7.11 (t, 1H, 3JHH = 7.5 Hz, Ar-
HP), 7.38–7.42 (dd, 1H, J = 1.75 and 4.06 Hz), 7.51–7.55 (dd,
1H, J = 1.73 and 5.77 Hz), 7.95–8.00 (m, 3H), 9.33 (d, 1H,
J = 5.79 Hz). 13C{1H}-NMR (75 MHz, CDCl3); δ18.4 (Me), 18.5
(Me), 57.6 (CMe3), 58.2 (CMe3), δ110.9 (s, thienyl of Cipso-Br),
121.8 (s, CH bpy), 122.42 (s, CH bpy), 126.9 (s, 2CH bpy), 127.3
(s, CHmeta), 128.6 (s, CHpara), 129.5 (s, thienyl of HC3), 130.4
(s, thienyl of HC4), 138.45 (s, CH bpy), 138.76 (s, Cipso-ortho
C–Me),138.33 (s, CH bpy), 148.72 (s, CipsoC–N C), 151.20
(s, CH bpy), 152.23 (s, CH bpy), 153.41 (s, Cipso bpy), 153.48
(s, Cipso bpy), 156.89 (s, thienyl Cipso), 176.9 (s, C N). Anal.
calcd for C31H35Br2N3PdS (747.92); C, 49.78; H, 4.72; N, 5.62;
S, 4.29. Found: C, 49.59; H, 4.42; N, 5.43; S, 4.11.

Reactions with isocyanide (XyNC): triinsertion
Synthesis of [2-(5-BrC4H2S)(C NXy)3PdBr] 7:
general procedure
Isonitrile XyNC (156 mg, 1.17 mmol) was added to a
suspension of cis complexes of 2a or 2b (0.20 mmol) in
CH2Cl2 (20 ml) at 0 ◦C, and the resulting suspension was
warmed slowly to room temperature and stirred overnight.
The solvent was filtered over anhydrous MgSO4:silica gel
(1 : 3). The resulting red solution was evaporated and the
residue was triturated with Et2O (15 cm3). The precipitate
was filtered, washed with Et2O (2 × 5 cm3), and air-dried,
to give red complex 7 in a yield of 150 mg, 74%. M.p.:
>300 ◦C dec. IR (Nujol, cm−1): ν(CH δ oop, thienyl) 840 cm−1;
ν(thienyl) 1603 cm−1;

√
(C N) 1650,

√
(C N). 2180; 1H NMR

(300 MHz, CDCl3): δ2.16 (s, 6H, 2 Me), 2.23 (s, 12H, 4 Me), 6.64
(d, 1H, 3JHH = 3.6 Hz, thieny-H), 6.85 (d, 2H, 3JHH = 8.0 Hz,
Ar-Hm), 6.99 (d, 1H, 3JHH = 3.6 Hz, thieny-H), 7.17 (t, 1H,
3JHH = 8.0 Hz, Ar-HP), 7.30–7.46 (m, 6H, XyNC). Anal. calcd
for C31H29N3Br2PdS (741.876): C, 50.19; H, 3.94; N, 5.66; S,
4.32. Found: C, 50.34; H, 3.98; N, 5.76; S, 4.16.

From complex
cis-[2-(5-BrC4H2S)C NXyPdBrL2]6a, b
Isonitrile XyNC (Xy = 2, 6-Me2C6H3) (104 mg, 0.78 mmol)
was added to a suspension of complexes of 6 (0.23 mmol)
in CH2Cl2 (20 ml). The suspension was stirred for 16 h at
room temperature. The color was changed from red–yellow
into pale red and then dark red during monitor the reaction
mixture. After this time the workup was carried out in air.
The solvent was filtered over anhydrous MgSO4:silica gel
(1 : 3). The resulting red solution was evaporated and the
residue was triturated with Et2O (15 cm3). The precipitate
was filtered, washed with Et2O (2 × 5 cm3) and air-dried,
giving red complex 7, in a yield of 150 mg, 74%.

Synthesis of
cis-[2-(5-BrC4H2S)(C NXy)4PdBr]8:
tetrainsertion

General procedure; method A
Isonitrile XyNC (208 mg, 1.56 mmol) was added to a suspen-
sion of cis complexes of 2a and/or 2b (0.20 mmol) in CH2Cl2

(20 ml) at 0 ◦C, and the resulting suspension was warmed
slowly to room temperature and stirred overnight. The sol-
vent was filtered over anhydrous MgSO4:silica gel (1 : 3). The
resulting red solution was evaporated and the residue was
triturated with Et2O (15 cm3). The precipitate was filtered,
washed with Et2O (2 × 5 cm3) and air-dried, to give red com-
plex 8 in a yield of: 150 mg, 85%. M.p.: >300 ◦C dec. IR
(Nujol): ν (CH δoop, thienyl) 840 cm−1; ν(thienyl) 1605 cm−1,√

(C N) 1642,
√

(C N) 2194; 1H NMR (300 MHz, CDCl3):
δ1.36 (s, 3H, Me), 2.14 (s, 3H, Me), 2.15 [s, 6H, 2Me(Xy)], 2.25
(s, 3H, Me), 2.28 (s, 3H, Me), 2.29 (s, 3H, Me), 2.63 (s, 3H, Me),
6.33 (t, 1H, 3JHH = 7.5 Hz, Ar-HP), 6.41–6.43 (m, 1H), 6.64 (d,
1H, 3JHH = 3.6 Hz, thieny-H), 6.79 (d, 1H, J = 3.6 Hz, thieny-
H), 6.88–7.22 (m, 10H); 13C{1H}-NMR (75 MHz, CDCl3);
δ176.3 (C N), 172.3 (C N), 169.2 (C N), 149.7 (quaternary
Cipso–N C), 149.5 (quaternary Cipso–N C),148.5 (quater-
nary Cipso–N C), 138.5 (quaternary Cipso–Me), 135.9 (qua-
ternary Cipso–Me), 135.8 (quaternary Cipso–Me), 135.7 (qua-
ternary Cipso–Me), 129.1 (XyCHo,p), 128.9 (XyCHo,p), 128.2
(XyCHo,p), 127.6 (XyCHo,p), 127.4 (XyCHo,p), 127.3 (quater-
nary XyCipso–NC–Pd), 127.1 (XyCHo,p), 126.7 (XyCHo,p),
126.6. (XyCHo,p), 108.4 (thienyl of Cipso–Br), 130.4 (thienyl of
HC-3), 126.5 (thienyl of C-4), 131.3 (thienyl-Cipso), 20.5 (Me,
Xy), 19.9 (Me, Xy), 18.6 (Me, Xy), 18.4 (Me, Xy). Anal. calcd
for C40H38N4Br2PdS (873.05): C, 55.03; H, 4.39; N, 6.42; S, 3.67.
Found: C, 55.07; H, 4.45; N, 6.36; S, 3.56.

From the reaction of 2,5-dibromothiophene 1 with
isocyanide (XyNC); method B
2,5-Dibromothiophene 1 (85 µl, 0.75 mmol) was added to
a suspension of Pd(dba)2 (432 mg, 0.75 mmol) and XyNC
(Xy = 2,6-Me2C6H3) (393 mg, 3.00 mmol) in degassed acetone
(25 ml) under nitrogen, and the resulting mixture was stirred
at 0 ◦C for 30 min and then stirred at room temperature
for 3 h. The solvent was evaporated in vacuo, the residue
extracted with CH2Cl2 (20 ml), and the resulting suspension
filtered over anhydrous MgSO4. The solvent was concentrated
to dryness and the residue washed with diethyl ether
(3 × 20 ml). The resulting solid was separated by filtration,
washed with Et2O (2 × 20 ml) and air-dried to give 8 as a red
solid in a yield of 150 mg, 85%.

From reaction of complex 6a, b with isocyanide
(XyNC)
Isonitrile XyNC (Xy = 2,6-Me2C6H3) (156 mg, 1.17 mmol)
was added to a suspension of complexes of 6a, b (0.20 mmol)
in CH2Cl2 (20 ml). The suspension was stirred for 16 h at room
temperature. The color changed from red–yellow to pale red
and then dark red during monitor the reaction mixture. After
this time the workup was carried out in air. The solvents was
filtered over anhydrous MgSO4:silica gel (1 : 3). The resulting
red solution was evaporated and the residue was triturated
with Et2O (15 cm3). The precipitate was filtered, washed with
Et2O (2 × 5 cm3), and air-dried, giving red complex 8, in the
same yield: 144 mg, 82%.
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From reaction of complex 7 with isocyanide; method C
Isonitrile XyNC (Xy = 2,6-Me2C6H3) (52 mg, 0.39 mmol) was
added to a suspension of complexes of 7 (148 mg, 0.20 mmol)
in CH2Cl2 (20 ml). The suspension was stirred for 16 h at
room temperature. The color changed from red–yellow into
pale red and then dark red during monitoring of the reaction
mixture. After this time the workup was carried out in air.
The solvents was filtered over anhydrous MgSO4:silica gel
(1 : 3). The resulting red solution was evaporated and the
residue was triturated with Et2O (15 cm3). The precipitate
was filtered, washed with Et2O (2 × 5 cm3), and air-dried,
giving red complex 8, in a yield of 144 mg, 82%.

Reactivity of complex 2a, b toward Tl(OTf) [(Tf
= CF3SO2)]
Reaction of complex 2a with Tl(OTf)
A mixture of 2a (51 mg, 0.001 mmol) and TlOTf (35 mg,
0.0002 mmol) in acetone (3 ml) was allowed to react at room
temperature with stirring for 3 h, then filtered through the
celiet and the solvent evaporated to isolate the air-dried,
semi-solid product, to give yellow complex porphyrine 9a
in a yield of 50 mg, 43%. M.p.: >300 ◦C dec. IR (Nujol,
cm−1): ν (CH δ oop, thienyl) 840 cm−1; ν (thienyl) 1630 cm−1;√

(S O) 1039, 1277; 1H NMR (200 MHz, CDCl3): δ6.92 (d, 1H,
J = 3.5 Hz, thienyl), 6.99 (d, 1H, J = 3.8 Hz, thienyl), 7.02 (d,
1H, J = 3.5 Hz, thienyl), 7.07 (d, 1H, J = 3.8 Hz, thienyl), 7.16
(s, 1H), 7.36 (s, 1H), 7.58 (bs, 3H), 7.78 (s, 1H), 8.11–8.17 (m,
6H), 8.82 (s, 1H), 9.40 (bs, 2H), 9.64 (s, 1H). Anal. calcd for
{C30H20Br2F6N4O6Pd2S4}: C, 31.40; H, 1.76; N, 4.88; S, 11.18.
Found: C, 31.57; H, 1.84; N, 5.25; S, 11.42.

Reaction of complex 2b with Tl(OTf)
A mixture of 2b (51 mg, 0.001 mmol) and TlOTf (35 mg,
0.0002 mmol) in acetone (3 ml) was allowed to react at room
temperature with stirring for 3 h, then filtered through the
celiet and the solvent evaporated to isolate the air-dried,
semi-solid product, to give yellow complex porphyrine 9b
in a yield of 35 mg, 25.5%. M.p.: >300 ◦C dec. IR (Nujol):
ν (CH δ oop, thienyl) 852 cm−1; ν (thienyl) 1544 cm−1; ν

(dtbbpy) 1715 and 1614 cm−1,
√

(S O) 1039, 1277 cm−1; 1H
NMR (200 MHz, CDCl3): δ1.41 (s, 9H), 1.42 (s, 9H), 1.43
(s, 9H), 1.44 (s, 9H), 6.92 (d, 1H, J = 3.7 Hz, thienyl), 6.99
(d, 1H, J = 3.9 Hz, thienyl), 7.02 (d, 1H, J = 3.7 Hz, thienyl),
7.07 (d, 1H, J = 3.9 Hz, thienyl), 7.16 (s, 1H), 7.36 (s, 1H),
7.38–7.42 (dd, 1H, J = 1.75 and 4.06 Hz), 7.51–7.55 (dd, 1H,
J = 1.73 and 5.77 Hz), 7.58 (bs, 3H), 7.78 (s, 1H), 8.11–8.17 (m,
2H), 9.40 (bs, 1H), 9.64 (d, 1H, J = 5.79 Hz). Anal. calcd for
{C46H52 Br2F6N4O6Pd2S4} (1371.83): C, 40.27; H, 3.82; N, 4.08;
S, 9.35. Found: C, 40.13; H, 3.86; N, 4.25; S, 9.37.

Synthesis of
cis-[2,5-(C4H2S)(C NXy)2Pd2Br(bpy)]10a
Reaction of isonitrile XyNC (Xy = 2,6-Me2C6H3) (102 mg,
0.78 mmol) with 3a (176 mg, 0.23 mmol) was carried out
analogously to give 10a as a red solid, in a yield of 130 mg,
54.9%. M.p.: >300 ◦C dec. IR (Nujol): ν (CH δ oop, thienyl)

840 cm−1; ν (thienyl) 1603 cm−1; ν (bpy) 1732, cm−1,
√

(C N)
1647, 1585, 1506. 1H NMR (300 MHz, CDCl3): δ2.08 (s,
12H, 4Me), 6.64 (d, 1H, J = 3.7 Hz, thieny-H), 6.95 (d, 4H,
3JHH = 7.5 Hz, Ar-Hm), 6.99 (d, 1H, J = 3.7 Hz, thieny-H),
7.17–7.11 (t, 2H, 3JHH = 7.5 Hz, Ar-HP), 7.28–7.46 (m, 2H),
7.55–7.60 (m, 2H), 8.01–8.10 (m, 8H), 8.15 (d, 2H, J = 5.4 Hz),
9.48 (d, 2H, J = 5.6 Hz). 13C{1H}-NMR (75 MHz, CDCl3); δ18.3
(Me), 18.4 (Me), 122.5 (s, CH bpy), 123.4 (s, CH bpy), 126.65
(s, 2CH bpy), 126.82 (s, thienyl of Cipso),127.9 (s, XyCHmeta),
128.3 (s, XyCHpara), 132.3 (s, thienyl of HC-4), 138.16 (s, CH
bpy), 138.5 (s, XyCipso-ortho-Me),138.6 (s, CH bpy), 149.91
(s, XyCipso–N C), 150.80 (s, CH bpy), 151.22 (s, CH bpy),
153.66 (s, Cipso bpy), 153.68 (s, Cipso bpy), 176.9 (s, C N).
Anal. calcd for C42H36N6Br2Pd2S (1029.49): C, 49.00; H, 3.52;
N, 8.16; S, 3.11. Found: C, 49.47; H, 3.98; N, 8.36; S, 3.06.

Synthesis of
cis-[2,5-(C4H2S)(C NXy)2Pd2Br(dtbbpy)]10b
Reaction of isonitrile XyNC (Xy = 2,6-Me2C6H3) (102 mg,
0.78 mmol) with 3b (228 mg, 0.23 mmol) was carried out
analogously to give 10b as a red solid, in a yield of
150 mg, 52%. M.p.: >300 ◦C dec. IR (Nujol): ν (CH δ oop,
thienyl) 852 cm−1; ν (thienyl) 1545 cm−1; ν (dtbbpy) 1717 and
1615 cm−1,

√
(C N) 1644, 1585, 1502. 1H NMR (300 MHz,

CDCl3): δ1.41 (s, 18H), 1.43 (s, 18H), 2.08 (s, 12H, 4Me),
6.64 (d, 1H, J = 3.5 Hz, thieny-H), 6.95 (d, 4H, 3JHH = 7.5 Hz,
Ar-Hm), 6.98 (d, 1H, J = 3.5 Hz, thieny-H), 7.17–7.11 (t,
2H, 3JHH = 7.5 Hz, Ar-HP), 7.38–7.42 (dd, 2H, J = 1.75 and
4.06 Hz), 7.51–7.55 (dd, 2H, J = 1.73 and 5.77 Hz), 7.95–8.00
(m, 6H), 9.33 (d, 2H, J = 5.79 Hz). 13C{1H}-NMR (75 MHz,
CDCl3); δ18.5 (Me), 18.6 (Me), 58.81 (CMe3), 58.52 (CMe3),
121.28 (s, CH bpy), 122.81 (s, CH bpy), 126.4 (s, thienyl of
Cipso), 126.15 (s, 2CH bpy), 127.9 (s, XyCHmeta), 128.3 (s,
XyCHpara), 132.32 (s, thienyl of HC-4), 138.1 (s, Cipso bpy),
138.15 (s, XyCipso-ortho–Me), 138.63 (s, Cipso bpy), 148.6 (s,
CH bpy), 149.6 (s, XyCipso–N C), 151.40 (s, CH bpy), 151.45
(s, Cipso bpy), 153.58 (s, Cipso bpy), 176.6 (s, C N). Anal.
calcd for C58H68Br2N6Pd2S (1253.915); C, 55.56; H, 5.47; N,
6.70; S, 2.56. Found: C, 55.59; H, 5.42; N, 6.43; S, 2.31.

Reactions of complexes 3a, b with isocyanide
(XyNC): tetrainsertion
Synthesis of cis-{2,5-(C4H2S)(C NXy)4PdBr2}, 11:
general procedure
Isonitrile XyNC (205 mg, 1.56 mmol) was added to a sus-
pension of cis complexes of 3a and/or 3b (0.20 mmol) in
CH2Cl2 (20 ml) at 0 ◦C, and the resulting suspension was
warmed slowly to room temperature and stirred overnight.
The solvents was filtered over anhydrous MgSO4:silica gel
(1 : 3). The resulting red solution was evaporated and the
residue was triturated with Et2O (15 cm3). The precipitate
was filtered, washed with Et2O (2 × 5 cm3), and air-dried,
to give red complex 11 in a yield of 130 mg, 49.8%. M.p.:
215–217 ◦C dec. IR (Nujol): ν (CH δ oop, thienyl) 840 cm−1;
ν (thienyl) 1605 cm−1,

√
(C N) 1647,

√
(C N) 2197; 1H

NMR (300 MHz, CDCl3): δ1.36 (s, 6H, 2Me), 2.14 (s, 6H,
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2Me), 2.15 [s, 12H, (2MeXy)2], 2.25 (s, 6H, 2Me), 2.28 (s,
6H, 2Me), 2.29 (s, 6H, 2Me), 2.63 (s, 6H, 2Me), 6.33 (t,
2H, 3JHH = 7.5 Hz, Ar-HP), 6.41–6.43 (m, 4H), 6.64 (d, 1H,
3JHH = 3.6 Hz, thieny-H), 6.79 (d, 1H, J = 3.6 Hz, thieny-
H), 6.88–7.79 (m, 18H). 13C{1H}-NMR (75 MHz, CDCl3);
δ178.0 (C N), 173.1 (C N), 172.3 (C N), 149.7 (quater-
nary XyCipso–N C), 149.5 (quaternary Cipso–N C),148.5
(quaternary Cipso–N C), 138.5 (quaternary Cipso–Me), 135.9
(quaternary Cipso–Me), 135.8 (quaternary Cipso–Me), 135.7
(quaternary Cipso–Me), 129.1 (XyCHo,p), 128.9 (XyCHo,p),
128.2 (XyCHo,p), 127.6 (XyCHo,p), 127.4 (XyCHo,p), 127.3
(quaternary XyCipso–NC–Pd), 127.1 (XyCHo,p), 126.7
(XyCHo,p), 126.6. (XyCHo,p), 125.4 (thienyl of HC-3), 131.3
(thienyl-Cipso), 20.4 (Me, Xy), 19.8 (Me, Xy), 18.8 (Me, Xy),
18.6 (Me, Xy). Anal. calcd for C76H74N8Br2Pd2S (1504.169): C,
60.69; H, 4.96; N, 7.45; S, 2.13. Found: C, 60.27; H, 4.55; N, 7.36;
S, 2.16.

Reactivity of complexes 3a, b toward Tl(OTf)
[Tf = CF3SO2]
Reaction of complex 3a with Tl(OTf)
A mixture of 3a (76 mg, 0.001 mmol) and TlOTf (70 mg,
0.0004 mmol) in acetone (3 ml) was allowed to react at room
temperature with stirring for 3 h, then filtered through the
celiet and the solvent evaporated to isolate the air-dried, semi-
solid product, to give 30 mg of yellow complex porphyrine
12a. M.p.: >300 ◦C dec. IR (Nujol, cm−1): ν (CH δ oop, thienyl)
841 cm−1; ν (thienyl) 1635 cm−1;

√
(S O) 1040, 1280; 1H NMR

(200 MHz, CDCl3): δ6.90 (d, 2H, J = 3.5 Hz, thienyl), 6.97 (d,
2H, J = 3.8 Hz, thienyl), 7.05 (d, 2H, J = 3.5 Hz, thienyl), 7.09
(d, 2H, J = 3.8 Hz, thienyl), 7.17 (bs, 4H), 7.35 (bs, 4H), 7.59
(m, 12H), 7.78 (bs, 4H), 8.05–8.17 (m, 24H), 8.82 (bs, 4H), 9.41
(m, 8H), 9.65 (bs, 4H).

Reaction of complex 3b with Tl(OTf)
A mixture of 3b (100 mg, 0.001 mmol) and TlOTf (70 mg,
0.0004 mmol) in acetone (3 ml) was allowed to react at room
temperature with stirring for 3 h, then filtered through the
celiet and the solvent evaporated to isolate the air-dried, semi-
solid product, to give 30 mg of yellow complex 12b. M.p.:
>300 ◦C dec. IR (Nujol): ν (CH δ oop, thienyl) 853 cm−1; ν

(thienyl) 1555 cm−1; ν (dtbbpy) 1716 and 1615 cm−1,
√

(S O)
1039, 1278 cm−1; 1H NMR (200 MHz, CDCl3): δ1.40 (bs, 36H),
1.42 (bs, 36H), 1.44 (bs, 36H), 1.45 (bs, 36H), 6.92 (d, 2H,
J = 3.7 Hz, thienyl), 6.99 (d, 2H, J = 3.9 Hz, thienyl), 7.02 (d,
2H, J = 3.7 Hz, thienyl), 7.07 (d, 2H, J = 3.9 Hz, thienyl), 7.16
(s, 4H), 7.36 (s, 4H), 7.38–7.42 (dd, 4H, J = 1.75 and 4.06 Hz),
7.51–7.55 (dd, 4H, J = 1.73 and 5.77 Hz), 7.58 (bs, 12H), 7.78 (s,
4H), 8.11–8.17 (m, 8H), 9.40 (bs, 4H), 9.64 (d, 4H, J = 5.79 Hz).
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