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A comparative study of the reactivity and transformation and degradation pathways 
under conditions of the oxidative acetoxylation was carried out for various palladium 
complexes. The implementation was confi rmed for the NHC-connected mechanism of 
catalysis. Eff ects of the process of pyridine coligand elimination on catalysis were inves-
tigated. It was found that free pyridine inhibits the catalysis of oxidative acetoxylation of 
2-phenylpyridine. Mono- and diacetoxyphenylpyridines were obtained regioselectively in 
84–94% yields using Pd/NHC complexes of various structures.
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Direct functionalization of C—H bonds involving 
auxiliary directing groups is widely employed in mod-
ern organic synthesis as a strategy for C—C and C—
Heteroatom bond formation.1,2 In particular, oxidative 
C—H acyloxylation is a relatively simple and eco-
nomically aff ordable method for the transformation of 
C—H into C—O bond, does not require any pre-acti-
vation of reagents, and produces less byproducts than 
the traditional methods. 

Acyloxylation of arenes containing a targeting azo 
group at the β-position in the side chain, including that 
in a cycle, has been most explored. In this reaction, 
a hydrogen atom at the ortho- position undergoes the 
substitution. Various catalysts based on compounds of 
transition metals (Pd,3—9 Cu,10—17 Ru,18—22 Rh,23—26 
etc.) have been developed for the reaction of oxidative 
C—H acyloxylation, whereas palladium(II) acetate is 
the most widely used among them. The mechanism of 
this reaction has been already investigated in de-
tails.27—29 Palladium complexes with N-heterocyclic 
carbene (NHC) ligands are of signifi cant interest as the 
CH-activation catalysts due to their high thermal stabil-
ity, low sensitivity to air and moisture, and wide range 
of possibilities for fi ne-tuning the stereoelectronic 
properties of catalyst.2 However, there are only few 
reports on the catalysis of acyloxylation by Pd/NHC 
complexes.30—37 It was assumed in the most of works 
that the catalysis proceeds via an NHC-connected 
mechanism, although the conclusions about the nature 
of active species were based on catalytic poisoning 

experiments (mercury test), which often lead to errone-
ous results.38—40 The processes of transformation and 
degradation of Pd/NHC complexes were also not con-
sidered under the conditions of the oxidative C—H 
acetoxylation reaction. It should be noted that investi-
gations of the transformations of M/NHC complexes 
under the conditions of catalytic reactions are of great 
importance for preventing the deactivation of catalytic 
systems.38,41—48

In the present work, we competitively evaluated the 
transformation and degradation pathways of various 
Pd/NHC complexes under conditions of the oxidative 
acetoxylation in order to either confi rm or decline the 
NHC-connected mechanism. 

Results and Discussion

A Pd-catalyzed reaction of 2-phenylpyridine (1) 
with diacetoxyiodobenzene (2) was chosen as the model 
reaction (Scheme 1). 

One of the most popular class of Pd/NHC complexes 
used in modern metal-complex catalysis39,41,43,46,49—59 
is Pd-PEPPSI (Pyridine Enhanced Precatalysts: Prep-
aration, Stabilization and Initiation) containing a pyrid-
ine coligand. Herein, we selected Pd-PEPPSI com-
plexes (5—8) of diff erent steric bulkiness to estimate 
their catalytic activity. 

It was found that the highest yield of monoacet-
oxylated product 3 was achieved in acetonitrile in the 
presence of acetic anhydride at 90 C (Table 1, entry 12). 
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The catalytic properties of compounds 5—8 were 
compared with those of commercially available 
Pd(OAc)2 and PdPy2Cl2 catalysts (Table 2). 

According to the data listed in Table 2, the structure 
of NHC ligand caused no any signifi cant eff ect on the 
conversion and selectivity in the acetoxylation reaction 
at 90 C, which is consistent with literature data.34 
Complex 5d containing mesityl (Mes) as substituent R 
demonstrated the best result (see Table 2, entry 8).61 

Decreasing the temperature down to 70 C resulted 
in a signifi cant increase in the selectivity towards mono-
substituted product 3 (in combination with a high degree 
of conversion) of low bulkiness complexes 5a,b and 6a 

compared to that of Pd(OAc)2 or PdPy2Cl2 and steri-
cally hindered systems (see Table 2). Complex 6a ex-
hibited the highest activity and selectivity at 70 C (see 
Table 2, entry 15). 

Figure 1 shows the kinetic curves for the formation 
of compounds 3 and 4 upon the catalysis by the 

Scheme 1

 Complex 5 R X Complex 5 R X
 a Me I e DiPP Cl
 b Bu Br f DiPP Br
 c Bn Cl g DiPP I
 d Mes Cl

 Complex 6 R X
 a Me I
 b Bn Cl
 c Mes Cl

Mes is mesityl (2,4,6-trimethylphenyl), and DiPP is 2,6-di(isopropyl)
phenyl.

Table 1. Optimization of parameters of the model reaction of oxidative acetoxylationa

Entry Solvent Additive (equiv.) T/С Cb (%) Sc 3 : 4 Yield (%)

      3 4

1 AcOH — 90 53 11.8 : 1 47 4
2 MeCN — 90 7 7 : 0 7 0
3 AcOH Ac2O (10) 90 77 2.9 : 1 56 19
4 MeCN Ac2O (10) 90 78 6.3 : 1 69 11
5 MeCN Na2CO3•H2O2 (10) 90 0 — 0 0
6 MeCN AgNO3 (10) 90 0 — 0 0
7 MeCN I2O5 (10) 90 0 — 0 0
8 MeCN K2S2O8 (10) 90 0 — 0 0
9 MeCN Ac2O (5) 90 83 6.3 : 1 69 11
10 MeCN Ac2O (1) 90 83 6.3 : 1 69 11
11 MeCN Ac2O (0.5) 90 81 8.5 : 1 68 8
12 MeCN Ac2O (0.1) 90 78 9.6 : 1 67 7
13d MeCN Ac2O (0.1) 90 78 9.6 : 1 67 7
14 MeCN Ac2O (0.1) 70 78 23 : 0 23 0
15 MeCN Ac2O (0.1) 110 92 1.6 : 1 55 34

a  Reaction conditions: 2-phenylpyridine (15.5 mg, 0.1 mmol), PhI(OAc)2 (38.5 mg, 0.12 mmol), 
complex 5d (2 mol.%), solvent (200 L), Ac2O, 70—110 C, 20 h. 
b Conversion of compound 1 according to GC-MS. 
c Reaction selectivity as the relative content of comp ounds 3 and 4. 
d The reaction was carried out under inert atmosphere.
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Pd/NHC complexes and palladium salts. Attention is 
drawn to the diff erent shapes of kinetic curves, viz. the 
presence of an induction period prolonged upon an 
increase in the steric bulkiness of ligand. In the case of 

minimally sterically hindered complex 5a, there was no 
any induction period observed. 

Taking into account the observed correlation be-
tween the duration of induction period and the steric 
bulkiness of compounds 5, we assumed that the catalytic 
system is activated due to the gradual release of NHC-
disconnected forms of palladium. The release process 
is hindered by the presence of bulky substituents in the 
NHC-complex molecule. To verify this assumption, 
we compared the catalytic activity of complexes 5c,d 
and 6a preliminarily heated in the presence of oxidant 
2 in an AcOH/Ac2O mixture (Table 3, entries 1—3), 

Table 2. Catalytic activity of palladium compounds in the 
model reaction of acetoxylationa

Entry Catalyst T/С Сb (%) Sc 3 : 4 Yield (%)

    3 4

1 Without catalyst 90 0 0 0 0
2 5a 90 82 5 : 1 65 13
3 5a 70 78 76 : 1 76 1
4 5b 90 71 3.6 : 1 54 15
5 5b 70 70 69 : 1 69 1
6 5c 90 81 3.1 : 1 59 19
7 5c 70 37 37 : 0 37 0
8 5d 90 78 9.6 : 1 67 7
9 5d 70 23 23 : 0 23 0
10 5e 90 84 6.3 : 1 69 11
11 5e 70 25 25 : 0 25 0
12 5f 90 91 3.9 : 1 70 18
13 5g 90 79 6.5 : 1 65 10
14 6a 90 80 7.4 : 1 67 9
15 6a 70 85 84 : 1 84 1
16 6b 90 90 3.5 : 1 67 19
17 6c 90 84 3.1 : 1 61 20
18 7 90 38 18 : 1 36 2
19 8 90 88 3.9 : 1 67 17
20 Pd(OAc)2 90 85 3 : 1 63 21
21 Pd(OAc)2 70 78 12 : 1 71 6
22 PdPy2Cl2 90 82 6.3 : 1 69 11
23 PdPy2Cl2 70 93 3.7 : 1 73 20

a Reaction conditions: 2-phenylpyridine (15.5 mg, 0.1 mmol), 
PhI(OAc)2 (38.5 mg, 0.12 mmol), catalyst (2 mol.%), acetonitrile 
(200 L), Ac2O (10 L), 70 or 90 С, 20 h. 
b Conversion of compound 1 according to GC-MS. 
c Reaction selectivity as the relative content of compounds 3 and 4.
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Fig. 1. Kinetic curves for the formation of products 3 (a) and 4 (b) upon catalysis by various palladium compounds: 5a (1), 5c (2), 
5d (3), 5e (4), and Pd(OAc)2 (5).

Table 3. Comparison of the catalytic activity of some pretreated 
complexes and complexes 9,10 in the model reaction of acet-
oxylationa

Entry Catalyst Xb T/С Сc (%) Sd 3 : 4 Yield (%)

      3 4

1 5ce 1.2 90 83 2.2 : 1 57 26
2 5de 1.2 90 79 7.8 : 1 70 9
3 6ae 1.2 70 90 4.9 : 1 72 15
4 9 1.2 70 85 7.5 : 1 75 10
5 10 1.2 70 98 2.5 : 1 70 28
6 10 2.4 70 99 1 : 5.3 14 74
7 10 2.4 90 99 1 : 18.8 5 94

a Reaction conditions: 2-phenylpyridine (15.5 mg, 0.1 mmol), 
PhI(OAc)2 (38.5 mg, 0.12 mmol), catalyst (2 mol.%), acetonitrile 
(200 L), Ac2O (10 L), 70 or 90 С, 20 h. The yields were esti-
mated using GC-MS. 
b Excess of PhI(OAc)2 towards 2-phenylpyridine. 
c Conversion of compound 1 according to GC-MS. 
d Reaction selectivity as the relative content of compounds 3 and 4. 
e The catalyst was preliminary heated in AcOH/Ac2O mixture 
(10 : 1) for 20 h at 100 C.
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as well as dicarbene 9 and bridging 10 complexes 
(Scheme 2). Complexes 9 and 10 were prepared from 
complex 6a. The presence of complexes 9 and 10 in the 
catalytic "cocktail" formed during the decomposition 
of Pd-PEPPSI is known.32,51,60 

According to the acquired data, the values of con-
version and selectivity   for the pretreated catalyst 6a (see 
Table 3) are intermediate between the corresponding 
values   for the untreated complex 6a (see Table 2), its 
transformation products 9 and 10, and NHC-discon-
nected Pd(OAc)2 and PdPy2Cl2 (see Table 2), that may 
indicate only partial dissociation of the Pd—NHC bond 
during the reaction. Similar experiments with pretreated 
complexes 5c and 5d (see Table 3) resulted in an even 
smaller degree of deviation from the standard experi-
ments (see Table 2). 

In addition, bridging complex 10 demonstrated 
a signifi cantly higher overall activity in the reaction 
as compared to both Pd(OAc)2 or PdPy2Cl2 and 
Pd-PEPPSI complexes 5—8. This allowed obtaining 
product 4 in the presence of a double excess of reagent 

2 in 94% yield (see Table 3) and moreover, with a lower 
catalyst load (1 mol.%) and under milder conditions. 
It should be highlighted that the achieved yield of 
compound 4 exceeds that reported previously27 (83%) 
upon using 6 mol.% of Pd(OAc)2 at 100 C. 

The transformation of catalyst under the reaction 
conditions was monitored by NMR spectroscopy and 
high resolution mass spectrometry (HRMS) of the 
reaction mixtures obtained in additional experiments 
on the oxidation of complexes 5—8 with an excess of 
compound 2. These experiments revealed the following 
trends. 

Thus, it was shown that the major products of oxid-
ation (in model experiments) and decomposition of 
complexes 5—8 during the acetoxylation reaction co-
incide. They are azolium salts (NHC proligands), 
azolones, and 2-acetoxyimidazolium salts, including 
also C—NHC coupling products (Scheme 3). In the 
cases of N-methyl derivatives 5a and 6a, the addition 
of oxidant 2 resulted in an immediate downfi eld shift 
of signals of the methyl groups of NHC ligand, observed 

Scheme 2

Scheme 3

Reagents and conditions: i. either PhI(OAc)2, 2-phenylpyridine, Ac2O, MeCN, 90 C or PhI(OAc)2, Ac2O, MeCN, 90 C.
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already at 20 C. In contrast, complexes 5b—g, 6b,c, 
7, and 8 were fairly stable, so the integrated intensity 
of NMR signals of NHC ligands decreased only slightly 
(3—10%) during the entire reaction (2—4 h according 
to the kinetic curves; see Fig. 1). 

Even though signals of azolium salts were being 
detected in the NMR and HRMS spectra for several 
hours during the oxidation of complexes 5—8, these 
salts completely degraded by themselves upon their 
oxidation under similar conditions within the same 
period of time. This proves that the NHC-connected 
forms of palladium are persisting and slowly generating 
proligands until the complete consumption of oxidant 
2. Upon further heating, complexes 5—8 degraded via 
the reductive pathway, while gradual formation of pal-
ladium black was observed.61 

These results acquired by NMR spectroscopy and 
mass spectrometry indicate that the NHC-connected 
catalytic mechanism is predominant in the acetoxyl-
ation reaction under the considered conditions, whereas 
the decomposition of complexes proceeds mainly via 
the reductive elimination of NHC ligands from PdIV 
complexes (Scheme 4). 

However, the data discussed above do not explain 
the nature of induction period observed on the kinetic 

curves for the formation of reaction products 3 and 4 
(see Fig. 1). Over the entire reaction duration, the 
most of complexes degraded insignifi cantly (3—10%), 
while the conversion value was comparable to that of 
Pd(OAc)2. Therefore, the most probable process being 
responsible for the presence of induction period and 
determining its duration is the dissociation of not the 
Ccarb—Pd bond, but the C—N one, i.e., the cleavage 
of pyridine coligand. The facts considered hereinafter 
can confi rm this hypothesis.

Thus, there is an equilibrium between the dissociated 
and non-dissociated forms of complexes 5—8, since 
1H NMR spectra of the Pd-PEPPSI complexes, both 
in CDCl3 and DMSO-d6, do not contain signals of 
free pyridine,41 while such signals were observed in 
deuterated acetonitrile (a doublet at  8.59).62 

Moreover, the lability of pyridine ligand was con-
fi rmed by the presence of a cross peak between the 
α-protons of free and bound pyridine, detected using 
the nuclear Overhauser eff ect spectroscopy in a rotating 
coordinate system (ROESY).63 Nowadays, this method 
is fruitfully used to investigate exchange processes 
(Fig. 2, Scheme 5). 

In the interaction of palladium complexes 5—8 with 
an excess of 2, the 1H NMR spectra show a decrease 

Scheme 4
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of integral intensities of the signals of bound pyridine 
relative to those of the signals of NHC ligands, which 
further decreases upon the addition of Ac2O (Fig. 3, 
Table 4). 

The elimination of pyridine coligand was confi rmed 
by additional experiments on the introduction of pyri-
dine additives into the reaction mass, which allowed 
revealing its inhibitory eff ect. It was found that the 
conversion depends linearly on the amount of added 
pyridine: 20 mol.% of pyridine reduces the conversion 
by almost half, while the same amount of 2,6-lutidine 
completely suppresses the catalysis.61 

The low activity of complexes 5c—g, 6b,c, 7, and 8 
without the addition of Ac2O can be explained by 

a combination of two factors: the steric bulkiness and 
inhibitory eff ect of pyridine. Apparently, Ac2O stabilizes 
oxidant 2 and shifting the equilibrium towards the 
catalytically active form of Pd/NHC catalyst via the 
pyridine acylation (Scheme 6). An exception is the 
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Fig. 2. ROESY NMR spectrum demonstrating the exchange 
between free ( 8.59)62 and bound ( 8.52) pyridine for compound 
5d in CD3CN at 70 С.

Scheme 5
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Fig. 3. Dependence of amount of the bound pyridine (N) in the 
reaction of complexes 5c (a) and 5d (b) with oxidant 2 on the 
time of heating without (1) and with either AcOH (2) or Ac2O 
(3) added. The vertical line marks the time of introduction of 
additives.

Table 4. Eff ect of additives on the yield of 
product 3 in the reaction carried out in the pres-
ence of complexes 5c,d within 20 h in CD3CN 
at 80 C

Entry Additive (equiv.) Yield of 3 (%)

  5c 5d

1 Without additive 15 07
2 AcOH (10) 24 09
3 Ac2O (10) 59 67
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reaction carried out in an acetic acid medium (see 
Table 1, entry 1). Apparently, acetic acid as the very 
polar solvent also facilitates the dissociation of the 
Pd—N bond. 

Scheme 6 

At the same time, sterically unhindered complexes 
5a and 6a undergo their oxidation without a preliminary 
dissociation of the pyridine ligand. This was demon-
strated by the corresponding changes in the NMR 
signals of the NHC ligand and bound pyridine, and 
therefore, there was no any induction period observed 
in the cases of catalysis by compounds 5a and 6a. 

In summary, we have demonstrated a signifi cant 
eff ect of the structure of Pd/NHC complex on the both 
catalytic activity and selectivity in the acetoxylation 
reaction. The higher activity of Pd/NHC complexes in 
comparison with palladium salts upon decreasing the 
reaction temperature, the high selectivity towards the 
disubstitution product (4) in the case of using dimeric 
complexes, and other observations allowed us to draw 
conclusion about a signifi cant contribution of the NHC-
connected mechanism to the catalysis in the considered 
reaction.  On the other hand, the observed irreversible 
decomposition of the Pd complex does not lead to 
a complete deactivation of the catalytic system, but 
reduces the rate and selectivity of the process. Therefore, 
one can postulate that the acetoxylation reaction is 
catalyzed simultaneously by both molecular Pd/NHC 
complexes and "NHC-free" forms of palladium. 

The regioselective syntheses of (2-acetoxyphenyl)-
pyridine (3) and (2,6-diacetoxyphenyl)pyridine (4) 
catalyzed by Pd-PEPPSI (6a) and bridging (10) com-
plexes based on 1,3-dimethylbenzimidazole were carried 
out in the yields of 84 and 94%, respectively. 

Experimental

1H and 13C NMR spectra were recorded on a Bruker AV-300 
spectrometer (at the frequencies of 300 and 75 MHz, respec-

tively) using residual signals of the deuterated solvent as the 
internal standards. High resolution mass spectra (HRMS) 
were recorded on a Bruker maXis Q-TOF spectrometer using 
electrospray ionization (ESI). Elemental analysis was per-
formed using a Perkin Elmer 2400 analyzer (Germany). Gas 
chromatography—mass spectrometry (GC-MS) was carried 
out on an Agilent 7890A chromatograph equipped with an 
Agilent 5975C mass selective detector (EI, 70 eV) and an 
HP-5MS capillary column (30 m×0.25 mm×0.25 μm). The 
reaction products were identifi ed comparing their mass spec-
tra with those of the reference samples and with spectra 
published in the NIST database. Diacetoxyiodobenzene 2,64 
NHC salts (proligands),53,65—74 their corresponding com-
plexes 5a—g, 6a—c, 7, and 8,51—53,68,75—80 as well as the 
necessary reference samples of cross-coupling products 3 and 
427 were obtained according to the known methods. The 
other reagents are commercially available. 

Procedure for carrying out the acetoxylation reaction. 
2-Phenylpyridine 1 (15.5 mg, 0.1 mmol), diacetoxyiodo-
benzene 2 (38.5 mg, 0.12 mmol), a 0.02 M solution (100 μL, 
2 mol.%) of the Pd catalyst in MeCN, MeCN (100 μL), and 
Ac2O (10 μL) were loaded into a screw-capped vial (V = 1.5 mL). 
The cap was closed, and the vial was heated and kept for 20 h 
at 90 C. After cooling down, the products were analyzed by 
GC-MS. 

Procedure for the acetoxylation reaction involving pre-
treated catalysts 5c,d and 6a. A 0.02 M solution (100 μL, 
2 mol.%) of the corresponding palladium complex (5c, 6a, 
or 5d) in AcOH and Ac2O (10 μL) were loaded into a screw-
capped vial (V = 1.5 mL). The cap was tightly closed, and the 
vial was heated and kept for 20 h at 100 C. After cooling 
down, AcOH and Ac2O were evaporated in vacuo. 2-Phenyl-
pyridine 1 (15.5 mg, 0.1 mmol), diacetoxyiodobenzene 2 
(38 mg, 0.12 mmol), MeCN (200 μL), and Ac2O (10 μL) 
were added to the residue. The tightly closed vial was heated 
and kept for 20 h at 90 C. After cooling down, the products 
were analyzed by GC-MS.

Synthesis of compound 4 using catalyst 10. 2-Phenylpyridine 
1 (62 mg, 0.4 mmol), diacetoxyiodobenzene 2 (154 mg, 
0.48 mmol), catalyst 10 (4 mg, 1 mol.%), MeCN (800 μL), 
and Ac2O (40 μL) were loaded into a screw-capped vial 
(V = 1.5 mL). The cap was tightly closed; the vial was heated, 
kept for 20 h at 90 C and then cooled down, and the solvent 
as evaporated in vacuo. Product 4 was isolated using column 
chromatography on silica gel (the eluent was hexane—ethyl 
acetate = 8 : 5) as light yellow crystalline powder in the yield 
of 102 mg (94%). Found (%): С, 66.43; H, 4.85; N, 5.20. 
C15H13NO4. Calculated (%): С, 66.41; H, 4.83; N, 5.16. 
1H NMR (CDCl3), : 2.02 (s, 6 H, CH3); 7.10 (d, 1 H, Ar, 
J = 8.2 Hz); 7.44 (dd, 1 H, Ar, J = 8.5 Hz, J = 7.9 Hz); 7.72 
(td, 1 H, Ar, J = 7.7 Hz, J = 1.8 Hz); 8.69 (m, 1 H, Ar). 
13С{1H} NMR (CDCl3), : 20.77, 120.84, 122.67, 125.27, 
127.68, 129.54, 136.13, 149.26, 149.62, 152.46, 169.10. 

Procedure for the oxidation of palladium complexes 5—8 
and their corresponding NHC salts. Either complex 5—8 
(0.01 mmol) or the corresponding NHC salt (0.01 mmol), 
diacetoxyiodobenzene 2 (38.5 mg, 0.12 mmol), MeCN 
(200 μL), and Ac2O (10 μL) mixed in a screw-capped vial 
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(V = 1.5 mL). The cap was tightly closed, and the vial was 
heated, kept for 20 h at 90 C, and then cooled down. Samples 
of the reaction mixture were analyzed by GC-MS. 

Procedure for the ROESY experiment. An NMR ampoule 
was loaded with the corresponding complex 5—8 (0.01 mmol), 
pyridine (1 μL, 0.0125 mmol), and CD3CN (600 μL). The 
ROESY NMR spectra were recorded at 343 K. 

Procedure for the NMR experiments with either AcOH or 
Ac2O added. An NMR ampoule was loaded with com-
plex 5—8 (0.04 mmol), diacetoxyiodobenzene 2 (38.5 mg, 
0.12 mmol), and CD3CN (600 μL). The tightly closed am-
poule was kept at 78 C for 1 h, and within this period, it was 
periodically cooled to record NMR spectra of the resulting 
mixture at 273 K (recordings at 0, 1, 2, 5, 10, 20, 30, and 
60 min). After 1 h, either AcOH (11 μL, 0.2 mmol) or Ac2O 
(19 μL, 0.2 mmol) was added into the ampoule. The closed 
ampoule was kept at 78°C for 2 h, and within this period, it 
was periodically cooled to record NMR spectra of the result-
ing mixture at 273 K (recordings at 0, 1, 2, 5, 10, 20, 30, 60, 
and 120 min). 

Procedure for the acetoxylation reaction with pyridine 
additions. 2-Phenylpyridine (15.5 mg, 0.1 mmol), diacetoxy-
iodobenzene 2 (38.5 mg, 0.12 mmol), a 0.02 M solution 
(100 μL, 2 mol.%) of catalyst 5—8 in MeCN, Ac2O (10 μL), 
and the corresponding pyridine additive were loaded into 
a screw-capped vial (V = 1.5 mL). The cap was tightly closed, 
and the vial was heated, kept for 20 h at 90 C, and cooling 
down. The products were analyzed by GC-MS. 

The following mixtures were used as the said pyridine 
additives: 1) a 0.2 M solution (25 μL, 5 mol.%) of pyridine 
in MeCN and MeCN (75 μL); 2) a 0.2 M solution (50 μL, 
10 mol.%) of pyridine in MeCN and MeCN (50 μL); 3) a 0.2 M 
solution (75 μL, 15 mol.%) of pyridine in MeCN and MeCN 
(25 μl); 4) a 0.2 M solution (100 μL, 20 mol.%) of pyridine 
in MeCN; 5) a 0.2 M solution (100 μL, 20 mol.%) of 2,6-lu-
tidine in MeCN. 
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