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Electrophilic components in the electrochemical 
acetoxylation of substituted arenes
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The mechanism of anodic acetoxylation of substituted arenes under conditions of undivided galvanostatic electrolysis in MeCN
containing acetate is suggested and an important role of electrophilic components (AcOH or ZnCl2) catalyzing transformation of
intermediate ipso-acetoxylated polysubstituted arenonium cations to corresponding ortho-acetoxylated arenonium cations, which
give acetoxylation products after deprotonation, is experimentally proved.

The anodic acetoxylation of 1,4-dimethoxybenzene (DMB) under
conditions of undivided galvanostatic electrolysis in MeCN con-
taining an AcOH/AcO– mixture1 and a corresponding DMB
azolation process2 proceed (Scheme 1) via the ipso-attack of
radical cation 1 and formation of radical 2. Then, this radical
is oxidized to arenonium cation 3. The cation, which is a key
intermediate of the process, can interact with nucleophiles at
both ortho- and ipso-positions of the aromatic ring leading to
corresponding ortho-substitution and ipso-bisaddition products,
4 and 5, respectively.†

The N-dimethoxyphenylation of azoles suggests2 an important
role of acidic mixture components. They catalyze the transforma-

tion 3 ® 4', which proceeds via a cine-substitution mechanism,
as well as the transformation 5 ® 5' ® 3, which makes the con-
version 3 ® 5 reversible. The last stage, in turn, makes possible
the continuous transformation of 5 into 4 observed during the
electrolysis. However, in the anodic acetoxylation of DMB (in
contrast to its azolation), product 5 was not formed and product
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† The 1H NMR spectra of sample solutions in a [2H6]DMSO–CCl4
(1:1, v/v) mixture were recorded on a Bruker AC-300 instrument.

Commercial 1,4-, 1,3-DMB, anisole, ZnCl2, Et4NOAc, AcOH (98–99%
purity, ACROS) and 1,2-DMB (99% purity, Aldrich) were used.

Procedure for the synthesis of 4-methoxyphenyl acetate. A mixture of
9 ml (0.08 mol) of acetic anhydride and 5 g (0.04 mol) of 4-hydroxy-
anisole was stirred for 5 h at 100–120 °C. After that the excess of
anhydride and acetic acid formed were distilled off under vacuum at
50 °C (25–30 Torr) to give 4.5 g (70%) of light gray liquid crystallizing
at room temperature. 1H NMR, d: 2.24 (s, 3H, OCOMe), 3.78 (s, 3H,
MeO), 6.88 (d, 2H, CHarom., J 9.5 Hz), 6.97 (d, 2H, CHarom., J 9.5 Hz).
The spectrum corresponds to the published data.7

Electrolysis of MeCN/arene/Et4NOAc/AcOH (or ZnCl2) mixtures. A mix-
ture of 1 mmol of an arene with 1.5 mmol of Et4NOAc and 1.5 mmol of
AcOH or 1.0 mmol of ZnCl2 (did not dissolved completely) was added
to 50 ml of MeCN and electrolyzed at a constant current (50 mA) in an
undivided cell with Pt electrodes (areas: anode, 37.2 cm2, cathode, 12.3 cm2).
The supporting electrolyte was Et4NOAc. After passing 2F of electricity
per mole of arene the electrolysis was stopped. Then, the solvent was
distilled off on a rotary evaporator at 20–25 °C (25–30 Torr) and the
residue was analyzed by 1H NMR. Yields of electrolysis products were
calculated on the basis of two electron conversion of arene via comparing
integral intensities of well identified singlet protons of the products
(OMe and OCOMe protons) and protons of tetraethylammonium cation
of the supporting electrolyte (CH2 and Me groups).

2,5-Dimethoxyphenyl acetate. 1H NMR, d: 2.24 (s, 3H, MeCOO), 3.70
and 3.71 (2s, 6H, 2MeO), 6.73 (d, 1H, CHarom., J 2.94 Hz), 6.79 (dd, 1H,
CHarom., J1 2.94 Hz, J2 9.56 Hz), 7.04 (d, 1H, CHarom., J 9.56 Hz). The
spectrum corresponds to the literature data.1,8

2,4-Dimethoxyphenyl acetate. 1H NMR, d: 2.22 (s, 3H, Me), 3.78, 3.85
(2s, 6H, 2MeO), 6.59 (m, 1H, CHarom.), 6.87 (d, 1H, J 8.8 Hz), 7.19 (d,
1H, J 8.8 Hz).

3,4-Dimethoxyphenyl acetate. 1H NMR, d: 2.23 (s, 3H, Me), 3.78, 3.79
(2s, 6H, 2MeO), 6.55 (dd, 1H, CHarom., J1 2.9 Hz, J2 8.8 Hz), 6.66 (d,
1H, CHarom., J 2.9 Hz), 6.8–6.9 (m, 1H, CHarom.).

The spectra of 2,4-dimethoxyphenyl acetate and 3,4-dimethoxyphenyl
acetate correspond to the published data.9

3-(Acetoxy)-5-methoxyphenyl acetate. 1H NMR, d: 2.24, 2.26 (2s, 6H,
2Me), 3.80 (s, 3H, MeO), 6.85 (d, 1H, CHarom., J 2.7 Hz), 6.92–6.99 (m,
1H, CHarom.), 7.08 (d, 1H, CHarom., J 8.3 Hz). According to the spectrum
a product substituted to ortho-position to acetoxy group (not methoxy)
is formed.10
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4 was obtained only when the medium contained AcOH in
addition to the AcO– ion.1

It was considered3 that radical 2 (Nu = AcO–) is unstable.
For this reason, the acetoxylation of DMB in AcOH containing
acetate proceeds via the stages 1 ® 1' ® 4' ® 4 (Scheme 1).
However, it is hard to explain from this point of view the
influence of AcOH1 on the effectiveness of acetoxylation. On
the other hand, it can be suggested, for example, that inter-
mediate 3 is decomposed faster than its ipso-interaction with
acetate (but not azolate) ion occurs; therefore, product 5 is
not formed (3 is probably less stable with Nu = AcO– than with
Nu = Az–). Nevertheless, AcOH, which does not affect the stage
of ipso-interaction, may assist electrophilically the abstraction of
the acetoxy group from intermediate 3'. As a result, the rearrange-
ment of cation 3 to cation 4' is catalyzed and its kinetics starts
dominating over cation 3 decomposition rate. From this point
of view, the acetoxylation mechanism may be described by
Scheme 1.

Thus, the suggested acetoxylation mechanism is based on
an idea concerning the role of acidic components working as
electrophiles and promoting the transformation of cation 3 to
cation 4'. The correctness of this conclusion may be easily con-
firmed via changing AcOH for other electrophiles, for example,
Lewis acids. We specially studied the acetoxylation of various
substituted arenes in MeCN containing the acetate ion with
ZnCl2 additives.

The anodic acetoxylation of substituted arenes leading to
ortho-substitution products3,4–6 is usually carried out in AcOH
with AcONa additives or in MeCN containing AcOH and its salts
(Table 1, runs 1–8). For comparison, the table also contains data
on the acetoxylation of the same arenes but in the absence of
AcOH, using the MeCN/ZnCl2/Et4NOAc system (runs 1'–8').

It is seen in the table (runs 1, 1', 8, 8') that the products of
DMB acetoxylation did not form in MeCN containing only an
acetate salt as a nucleophile. However, the addition of electro-
philic species to this system changed the situation dramatically.
After the addition of AcOH, DMB acetoxylation product was
obtained in 21% yield (run 2) and 4-methoxyphenyl acetate
acetoxylation product, in 23% yield (run 7). A change of AcOH
for ZnCl2 led to a substantial increase of acetoxylation product
yield to 70% in case of DMB (run 2') and 29% in case of
4-methoxyphenyl acetate. These results are consistent with the
instability of corresponding (Nu = AcO–, Scheme 1) arenonium
cations 3 and show that ZnCl2 (taking in account its low con-
centration in the reaction medium: < 1.0 mol per 1 mol of arene)

is a more effective electrophilic catalyst of the acetoxylation
reaction than AcOH.

In general, it follows from the table that, in the anodic
acetoxylation of arenes, a change of AcOH for ZnCl2 in all
cases leads to an increase of the product yields. These results
in conjunction with previous data1 allow us to describe the
mechanism of acetoxylation of arenes using Scheme 2.

The electrophilic components of the medium (E+ = AcOH,
ZnCl2) not only assist the abstraction of the acetoxy group
from the ipso-position of intermediate 3' but also make the
ortho-attack by the AcO– ion easier due to bond polarization.
This makes possible the rearrangement of arenonium cation 3'
into cation 4', which undergoes deprotonation leading to final
product 4.

On the other hand, the presence of electrophiles such as
AcOH or ZnCl2 does not affect the ipso-interaction of cation 3
with the nucleophile (AcO–). This is the reason why ipso-bis-
addition products 5 were never observed experimentally (Table 1).

In general, the results allow us to conclude that the anodic
acetoxylation of arenes, as well as the anodic N-dimethoxy-
phenylation of azoles, follows the same mechanism including
the formation of arenonium cations 3 as key intermediates
(Schemes 1 and 2).

This work was supported by the Council of the President
of the Russian Federation (Programme for State Support of
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and the Russian Academy of Sciences (programme no. 01)
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Table 1 Yields of ortho-acetoxylation products after electrolysis (Pt anode)
of arenes in systems containing AcOH salt/AcOH (including data1,3,6) or
AcOH salt/ZnCl2 mixture. 

Run Arene

Systems containing 
AcOH salt/AcOH mixture

Run

MeCN containing 
ZnCl2

a/Et4NOAc 
mixture

Medium Nucleo-
phileb

aLess than 1.0 mol per 1 mol of arene due to low solubility in MeCN. b1.5–
2.0 mol per 1 mol of arene. cOn the basis of consumed arene. dWithout
AcOH or ZnCl2 additives. eWith 1.5 mol AcOH additive per 1 mol of arene.

Yieldc 
(%)

Yieldc 
(%)

1 1,4-DMB1 MeCNd Et4NOAc 0 1' 0d

2 1,4-DMB1 MeCNe Et4NOAc 21 2' 70
3 1,4-DMB3 AcOH AcONa 68 3' 70
4 1,3-DMB3 AcOH AcONa 3 4' 19
5 1,2-DMB3 AcOH AcONa 9 5' 12
6 Anisole6 AcOH AcONa 27 6' 30
7 4-Methoxy-

phenyl 
acetate

MeCNe Et4NOAc 23 7' 29

8 4-Methoxy-
phenyl 
acetate

MeCNd Et4NOAc Traces 8' Tracesd

OMe OMe

+

1

MeO

2

OAc MeO

R
5

OAc

OAc

OMe

+
– AcOH

OMe
OAc

H
OAc

+

AcO

OAc

H
OMe

E+

3'

– e

R = H, OMe, OAc
E+ = AcOH, ZnCl2

Scheme  2

R R R

AcO– – e

MeO

3

OAc

R

+
AcO–

AcO–

RR

4'

– AcOE

AcO–

R

4

Received: 18th January 2008; Com. 08/3070



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


