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We found previously that the photolysis of acyl
iodides in arenes leads to the photochemical Friedel–
Crafts reaction [1]. In particular, ortho� and meta�
xylenes showing enhanced polarity of the aromatic
ring undergo smooth acylation by acetyl iodide under
photochemical conditions. The acylation of the aro�
matic ring is also the sole reaction route upon photol�
ysis of trimethylacetyl and valeroyl iodides in toluene.
A similar process was expected to occur on UV irradi�
ation of a mixture of acyl iodides RCOI (R = Me, Ph)
with haloarenes (fluoro�, chloro�, bromobenzene and
dibromobenzenes).

However, the photolysis of acetyl iodide in chlo�
robenzene failed to give the expected acylation prod�
uct, chloroacetophenone CH3COC6H4Cl. UV irradi�
ation (using an OKN�11 mercury lamp as the UV
source) of an equimolar mixture of acetyl iodide and
chlorobenzene for 29 h afforded acetyl chloride (yield

25%) with bp 50–51°С, 1.389 (lit.: bp 52°С, 

1.389 [2]); diacetyl (14%) with bp 88–89°С, 

1.3950 (lit.: bp 88°С,  1.3950 [2]); and iodoben�

zene (8%) with bp 186–187°С,  1.6200 (lit.: bp

188°С,  1.6200 [2]).

For C6H5I anal. calcd. (wt %): I, 62.20.

Found (wt %): I, 63.17.

In addition, a powdered infusible black polymer 1
insoluble in water and common organic solvents was
obtained, and its composition corresponded to the
molecular formula ∼C78H53I (C/H = 1.5).

For C78H53I anal. calcd. (wt %): C, 83.8; H, 4.7;
I, 11.4.

Found (wt %): C, 81.4; H, 5.1; I, 11.3.
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The photochemical reaction of acetyl chloride with
bromobenzene proceeds in a similar way. The UV irra�
diation of an equimolar mixture of MeCOI with
C6H5Br for 50 h leads to acetyl bromide (yield 20%) bp

78–79°С,  1.4520 (lit.: bp 75–77°С,  1.450 [2]),
iodobenzene (9%), and diacetyl (16%). Polymeric
product 2 corresponding to composition ~C16H13I
also forms.

For C16H13I anal. calcd. (wt %): C, 57.8; H, 3.9;
I, 38.2.

Found (wt %): C, 58.8; H, 3.1; I, 37.8.

The reactions of acetyl iodide with monohaloben�
zenes can be represented by the following general
equation:

(1)

Polymers 1 and 2 are the products of photochemi�
cal polyphenylation of iodobenzene formed at the first
stage of the process. The lack of oxygen in the mixture
of isolated polymeric products provides an additional
confirmation for the absence of the acylation of the
aromatic ring in this reaction.

The reactions of acetyl iodide with chloro� and
bromobenzene can be assigned with good reason to
the radical reactions of photosubstitution in aromatic
ring where MeCOI behaves as the source of primary
radicals. This is indicated by the presence in the reac�
tion mixture of diacetyl MeCOCOMe resulting from
the recombination of acetyl radical.

The photochemical reaction of acetyl iodide with
1,4�dibromobenzene, as distinct from the reaction
with monobromobenzene, leads solely to diiodoben�
zene and acetyl bromide:

(2)
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MeCOI C6H5X MeCOX+

+ MeCOCOMe C6H5I,    X = Cl, Br.+

hν

2MeCOI 1.4�Br2C6H4+

MeCOBr 1.4�I2C6H4.+
hν
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In particular, the UV irradiation of an equimolar
mixture of acetyl iodide and 1,4�dibromobenzene for
50 h produces acetyl bromide (yield 95%) with bp

76°С,  1.4530 (lit.: bp 75–77°С,  1.45 [2]) and
1,4�diiodobenzene (yield 74%) with mp 130–131°С
(lit.: mp 131–133°С [3]).

For C6H4I2 anal. calcd. (wt %): C, 21.8; H, 1.2;
I, 76.9.

Found (wt %): C, 20.9; H, 1.8; I, 76.1.

No fluorine exchange was observed on the UV irra�
diation of a mixture of acetyl iodide and fluoroben�
zene. Neither halogen exchange nor other photo�
chemical transformations of MeCOI were also
detected when fluorobenzene was replaced by
hexafluorobenzene.

We also failed to obtain iodobenzene by the photol�
ysis of benzoyl iodide in chlorobenzene or bromoben�
zene. The halobenzene was recovered, while poly�
meric compounds were isolated instead of benzoyl
iodide.

In particular, after UV irradiation of an equimolar
mixture of benzoyl iodide and chlorobenzene for 50 h,
a powdered infusible black polymer 3 insoluble in
water and common organic solvents and having the
molecular formula C20H11O2I was isolated from the
reaction mixture.

IR (cm–1): 3070, 3016 (νC–H of ring), 1686 (νC=O),
1601, 1452, 1418 (νC–C of ring), 932, 707, 682 (δС–H of
ring), 545 (νC–I), 430 (δC–C of ring). The IR spectra
were recorded as thin films on a UR�20 spectropho�
tometer.

For C20H11O2I anal. calcd. (wt %): C, 58.5; H, 2.7;
I, 30.9.

Found (wt %): C, 56.7; H, 2.7; I, 31.1.

The UV irradiation of an equimolar mixture of
benzoyl iodide and bromobenzene under similar con�
ditions led to polymer 4 with composition C14H7O2I
similar in properties to polymer 3.

IR (cm–1): 3070, 3023 (νC–H of ring), 1688 (νC=O),
1602, 1453, 1423 (νC–C of ring), 934, 707, 683 (δС–H of
ring), 551 (νC–I), 430 (δC–C of ring).

For C14H7O2I anal. calcd. (wt %): C, 50.3; H, 2.1;
I, 38.2.

Found (wt %): C, 49.1; H, 2.6; I, 37.3.

In this case, the polymers contain oxygen, as dis�
tinct from polymeric compounds 1 and 2 resulting
from the photolysis of acetyl iodide in chlorobenzene
or bromobenzene, and their IR spectra show absorp�
tion bands at 1688 and 1686 cm–1 indicating the pres�
ence of the C=O group conjugated with the phenyl
group. Therefore, we can conclude that polymers 3
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and 4 are the products of photochemical polycondensa�
tion of benzoyl iodide on account of its self�acylation
accompanied by a competitive photochemical iodination
of the benzene ring. The polymers are supposed to con�
sist of alternating units –[C6H4COC6H4COC6H3I–] (3)
and –[C6H4COC6H3ICO–] (4).

The properties of polymers 3 and 4 revealed by
continuous�wave (CW) ESR are very close to those of
polymers isolated earlier upon photolysis of acetyl
iodide in benzene or toluene [3]. Both polymers show
a pronounced paramagnetism and give rise narrow
asymmetrical ESR signals in the range of g values typ�
ical of free radicals. The upper portion of the ESR
lines is described by the Lorentzian curve, while the
lower portion is expressed by the Gaussian curve,
which can indicate their irregular structure. The con�
centration of paramagnetic centers corresponds to
1019 spin/g (table). However, the g factors of the signals
differ markedly from spin�only values, which indicates
a substantial contribution of spin–orbit interactions,
and differ considerably from each other (Δg =
0.00045) (table).

The electrical conductivity of polymers 3 and 4 is
typical of organic semiconductors in spite of high
iodine content, but it is lower by an order of magnitude
than the conductivity of polymers described in [3]. It
seems to be due to the fact that the iodine atom is
covalently bound to macromolecules in contrast to the
polymers described earlier [3] doped with iodine and
therefore showing higher electrical conductivity. The
concentration of unpaired electrons and the ESR line
widths, which characterize the environment of para�
magnetic centers and amount to less than 10 G, allow
one to detect spin echo in a pulsed mode at ambient
temperature and to obtain relaxation times T1 and T2

for polymers 3 and 4. According to ESR, T2 (spin–

Electrical conductivity, ESR spectral parameters, and relax�
ation times for polymers 3 and 4

Parametr Polymer 3 Polymer 4

σ, S/cm 2.8 × 10–9 1.3 × 10–8

N, spin/g 1.8 × 1019 1.9 × 1019

ΔH, G 7.4 7.3

g 2.00497 2.00542

A/B 0.80 0.77

T1, ns 2940.0 858.8

8913.0 3720.2

T2, ns – 2.61

132.5 126.4

Note: The values of T1 and T2 characterize the lifetime of electron
spin in the excited state.

T 1'

T 1''

T 2'

T 2''
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spin relaxation time) is much shorter than T1 (spin–
lattice relaxation time). This is typical of magnetically
diluted paramagnets [4]. The relaxation time for poly�
mers 3 and 4 is determined by two contributions,
which is evidence of a complex character of interac�
tion of unpaired electrons with the environment and
requires a special study.

The ESR spectra were recorded at ambient tem�
perature on a Radiopan SE/X�2547 spectrometer
(Russia) with sensitivity of 5 × 1010 spin/g equipped
with a magnetometer and high�frequency meter and
on a Bruker ELEXSYS E�580 spectrometer (Ger�
many) in CW and FT modes. The concentration of
paramagnetic centers was calculated by the known
procedure [5] using calibrated DPPH standards and a
nomogram of double integration of the absorption line
derivative [6]. Relaxation times T1 and T2 were deter�
mined with the use of the following pulse sequences:
π�T�π/2�τ�π for T1 and π/2�τ�π for T2, where π/2 =
20 ns, τ = 200 ns, and T = 1000 ns [7].

Thus, this study has revealed the possibility to use
acyl iodides as reagents in the photochemical
exchange of chlorine or bromine atoms for iodine in
haloarenes and for the photochemical preparation of
α,ω�diiodopolyarylenes, polymers showing paramag�
netic and semiconducting properties. The data given
in the paper confirm the previously established large
synthetic potential of acyl iodides as reagents and syn�
thons in organic synthesis [8–11].

REFERENCES
1. Vlasova, N.N., Vlasov, A.V., Grigor’eva, O.Yu.,

Albanov, A.I., and Voronkov, M.G.,Dokl. Chem., 2010,
vol. 435, part 1, pp. 294–296 [Dokl. Akad. Nauk, 2010,
vol. 435, no. 3, pp. 343–346].

2. Weigand�Hilgetag, Organisch�chemische Experimen�
tierkunst, 3rd ed., Leipzig: J.A. Barth Verlag, 1964.
Translated under the title Metody eksperimenta v orga�
nicheskoi khimii, Moscow: Khimiya, 1968.

3. Voronkov, M.G., Vlasova, N.N., Vlasov, A.V., et al., Zh.
Org. Khim., 2009, vol. 45, no. 11, pp. 1627–1631.

4. Votoèek, E. and Kohler, J., Ber. Dtsch. Chem. Ges.,
1914, vol. 14, no. 1, pp. 1219–1221.

5. Lebedev, Yu.A., Kozin, L.P., Chuvirov, A.N., et al.,
Pis’ma Zh. Eksp. Teor. Fiz., 2004, vol. 30, no. 11,
pp. 72–77.

6. Poole, C.P., Electron Spin Resonance: A Comprehensive
Treatise on Experimental Technoques, New York: Wiley,
1967. Translated under the title Tekhnika EPR spek�
troskopii Moscow: Mir, 1975.

7. Molin, Yu.N., Chibrikin, V.M., Shabalkin, V.A., and
Shuvalov, V.F., Zavod. Lab., 1966, vol. 32, no. 8,
pp. 933–943.

8. Voronkov, M.G., Vlasova, N.N., and Trukhina, A.A., in
Panorama sovremennoi khimii Rossii. Sovremennyi
organicheskii sintez. Sb. obzornykh statei (Panorama of
Modern Chemistry in Russia. Modern Organic Synthe�
sis. Collected Reviews), Moscow: Khimiya, 2003,
pp. 9–47.

9. Voronkov, M.G., Belousova, L.I., Trukhina, A.A., and
Vlasova, N.N., Zh. Org. Khim., 2006, vol. 42, no. 2,
pp. 181–191.

10. Voronkov, M.G., Belousova, L.I., Vlasov A.V., and Vla�
sova, N.N., Zh. Org. Khim., 2008, vol. 44, no. 6, p. 936.

11. Voronkov, M.G., Vlasova, N.N., Belousova, L.I., et al.,
Zh. Org. Khim., 2008, vol. 44, no. 11, pp. 1610–1614.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


