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Abstract —The example of tetramethylene and diethylene glycol diacrylates was used to accomplish the
first mixed anionoarylation. The reaction of diazonium salts with these unsaturated compounds gave chloro-
arylation adducts by one multiple bond: 1-acryloyloxy-4-(2-chloro-3-arylpropyonyloxy)butanes and 1-acryl-
oyloxy-2-[2-(2-chloro-3-aryl propyonyloxy)ethoxy]ethanes. The latter were subjected to thiocyanatoarylation

to obtan diadducts:

1-(2-chloro-3-aryl propyonyloxy)-4-(2-thiocyanato-3-aryl propyonyloxy)butanes  and

1-(2-chloro-3-arylpropyonyl oxy)-2-[ 2-(2-thi ocyanato-3-aryl propyonyl oxy)ethoxy] ethanes.

We previously showed [1-4] that under aniono-
arylation conditions tetramethylene and diethylene
glycol and N,N-methylenecarboxamide undergo thio-
cyanatoarylation first by one multiple bond and then
by the other to give mono- and diadducts. These data
lead us to expect that anionoarylation of monoadducts
in the presence of other anions would result in mixed
anionoarylation.

As model compounds we chose tetramethylene and
diethylene glycol diacrylates. It was found that the
reactions of these unsaturated compounds react with
arenediazonium tetrafluoroborates in the presence of
sodium chloride and catalytic amounts of copper(ll)
chloride involves chloroarylation by one multiple

bond to form 1-acryloyloxy-4-(2-chloro-3-arylpro-
pyonyloxy)butanes | and Il and 1-acryloyloxy-2-[2-
(2-chloro-3-arylpropyonyloxy)ethoxy]ethanes 11 and
IV. The reactions occur in agueous acetone (1:2) at
10-15°C and produce much aryl chlorides, phenols,
and unidentified tarry products. The yields of the
monoadducts are 10-15%.

To improve the yields of the target products, we
performed direct chloroarylation of the starting un-
saturated compounds. In this case, the yields of the
chloroarylation monoadducts were 25-45%. It should
be noted that the copper-catalyzed chloroaryaltion of
glycol diacrylates, like thiocyanatoarylation, stops on
the stage of monoadduct -1V formation.
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X = (CH,), (I, 11), (CH,),0O(CH,), (Ill, 1V); R = H (I, 111), 4-CHy (II, 1V).

The reaction occurs in agueous acetone (1:2) at
-10 to -5°C in the presence of catalytic amounts of
copper(l) chloride. The optima diazonium salt: un-
saturated compound: catalyst ratio is 1.6:1:0.12.
With double the optimal quantities of the diazonium

salt and catalyst, no adducts by two multiple bonds
are formed.

Compounds |-1V are viscous orange liquids
tending to polymerize on storage. Their yields,
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Table 1. Yields, constants, and elemental analyses of 1-acryloyloxy-4-(2-chloro-3-arylpropyonyloxy)butanes | and 11
and 1-acryloyloxy-2-[2-(2-chloro-3-arylpropyonyloxy)ethoxy]ethanes 111 and 1V

Comp. | Yidd, 2 2 MRD Found, Calculated
no % np ds cl % Formula cl %
’ found caculated ! !
| 41 1.5153 1.1623 80.67 80.94 11.35 C16H19CI0O,4 11.41
I 45 1.5144 1.1429 85.61 85.77 10.80 C17H5,CIO, 10.92
11 44 1.5085 1.1815 82.51 82.69 10.66 C16H19CI0s 10.85
v 38 1.5197 1.1840 87.46 87.51 10.19 C;7H5,ClOs 10.40

Table 2. IR and *H NMR spectral data for 1-acryloyloxy-4-(2-chloro-3-arylpropyonyloxy)butanes | and I1 and 1-acryloyl-
oxy-2-[2-(2-chloro-3-arylpropyonyloxy)ethoxy]ethanes 111 and 1V

IH NMR spectrum, 8, ppm (J, Hz)

7.34-7.26 m (5H, Ph), 6.33 d.d (cis-H, =CH,, Jyy 11), 6.16 d.d (1H, =CH, Jy,y; 10), 5.93 d.d
(trans-H, =CH,, Jiy; 14), 4.88 d.d (1H, CH, Jy 7), 412 t (4H, 20CH,), 3.36 d.d (J,y ),

7.26-7.06 m (4H, C6H4), 6.35 d.d (cis-H, =CH,, J,; 11), 6.18 d.d (1H, =CH, J; 10),
5.97 d.d (trans-H, =CH,, J,, 14), 4.92 d.d (1H, CH, J,y; 7), 4.10 t (4H, 20CH,), 3.33 d.d
(Jun 8), 3.13 dd (2H, CH,CgH,, Jyyy 8), 2.31 s (3H, CH4CgH,), 1.69-1.46 m (4H, CH,CH.)
7.30-7.20 m (5H, Ph), 6.30 d.d (cis-H, =CH,, J,;y, 10), 6.14 d.d (1H, =CH, J; 10), 5.93 d.d
(trans-H, =CH,, J,; 15), 4.92-4.86 m (1H, CH), 4.20 t (4H, 20CH.,), 3.48 d.d (4H,
CH,OCH,, Jy 2), 333 d.d (Jyy 7). 310 dd (2H, CH.Ph, Jy 7)

IR spectrum,
Comp. v, cm?t

no.

CH=CH, | C=0
| 1636 1716

312 dd (2H, CH,Ph, J,y 8), 1.68-1.48 m (4H, CH,CH,)

I 1636 1724
I 1644 1720
v 1640 1720

7.24-7.08 m (4H, CgHy), 6.32 d.d (cis-H, =CH,, J,y; 10), 6.16 d.d (1H, =CH, J,;,; 10),
5.92 d.d (trans-H, CH2, J,,y, 15), 4.94-4.87 m (1H, CH), 4.23 t (4H, 20CH,), 3.46 d.d (4H,
CH,OCH,, Jyy; 2), 3.33 d.d (Jyy 7), 3.12 d.d (2H, CH,CyHy, Iy 7). 2.31 5 (3H, CHCeHy)

constants, elemental analyses, and *H NMR and IR
spectra are given in Tables 1 and 2. The samples of
compounds -1V, synthesized by schemes 1 and 2,
are identical to each other.

The structure of adducts -1V is proved by their *H
and IR spectra. The IR spectra contaln carbonyl ab-
sorption bands (1716-1724 cm™ ) as well as bands
due to stretching (1636-1644 cm ™) and deformation
vibrations (808-812 and 980-984 cm™) of the multi-
ple bond of the free acrylic fragment. The H NMR
spectra contain aromatic proton signals at 7.34-
7.06 ppm (multiplet). The methylene proton signals
of the terminal vinyl group form a doublet of doublets
a 6.35-6.30 (cissH) and 5.97-5.92 ppm (trans-H)
with coupling constants of 10 and 15 Hz, and the
methane protons of the same group appear as a
doublet of doublets at 6.18-6.14 ppm (coupling
constant 10 Hz). The asymmetrical proton of the CH
group attached to chlorine resonates at 4.94-4.86 ppm
(multiplet).

Thus, the use as chloroarylating agents of arenedi-
azonium chlorides does not alter the regioselectivity
of the anionoarylation of glycol diacrylates, and the
reaction does not go further monoadduct formation.
The lower yields of arylalkyl chlorides compared with
those of monothiocyanatoarylation products [1] are
explained by a considerable difference in nucleo-
philicity between chloride and thiocyanate anions. In
this connection we considered it important to react the
monoadducts obtained with arenediazonium tetrafluo-
roborates in the presence of the thiocyanato group.

Monoadducts | -1V react with arenediazonium tetra-
fluoroborates in the presence of potassium thiocyanate
to form diadducts: 1-(2-chloro-3-arylpropionyloxy)-
4-(2-thiocyanato-3-arylpropionyloxy)butanes V and
VI and 1-(2-chloro-3-arylpropionyloxy)-2-[2-(2-thio-
cyanato-3-arylpropionyloxy)ethoxy]ethanes VIl
and VIII.

The reaction was accomplished in agueous acetone
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X = (CH,), (V, VI), (CH,),0(CH,), (VII, VIII); R = H (V, VII), 4-CHs (VI, VIII).

(1:3) a 10-15°C in the presence of a catalyst, cop-
per(ll) tetrafluoroborate, with a 1,3-fold excess of the
arenediazonium salt and potassium thiocyanate. The
yields of diadducts V-VI1II were 26-38%. The mixed
chloro- and thiocyanatoarylation diadducts are white
crystalline substances melting at 86-99°C (from
methanol). The yields and constants of compounds
V-VIII are listed in Tables 3 and 4.

The structure of diadducts V-VIII is proved by
their 'H and IR spectra. The IR spectra contain absorp-
tion bands of the thiocyanato group a 2152-
2156 cm. The H NMR spectra contain aromatic
proton signals at 7.35-7.01 ppm (multiplet). The
asymmetric protons of the CH groups attached to the
chlorine atom and the thiocyanato group form two

triplets at 4.77-4.74 and 4.51-4.48 ppm, and the
protons of the CH, groups attached to the aromatic
fragments, multiplets at 3.38-3.27 and 3.16-3.06 ppm
(Table 4).

Thus, the presence of two identical unsaturated re-
action centers in the molecules of glycole diacrylates
and their successive involvement into reaction allows
synthesis of polyfunctional arylalkyl derivatives not
only with different aromatic substituents, but also
with different anions.

EXPERIMENTAL

The IR spectra were recorded on a Specord M-80
instrument for thin films (adducts 1-1V) or Nujol

Table 3. Yields, constants, and elemental analyses of 1-(2-chloro-3-arylpropionyloxy)- 4-(2-thiocyanato-3-arylpropionyl-
oxy)butanes V and VI and 1-(2-chloro-3- arylpropionyloxy)-2-[2-(2-thiocyanato-3-aryl propionyloxy)ethoxy]ethanes V11

and VIII
Found, % Calculated, %
Comp. no.| Yield, % | mp, °C? Formula
Cl N S Cl N S
Y% 38 99 771 | 3.00 705 | CyH,CINO,S | 7.95 3.14 7.19
VI 30 88 739 | 291 659 | CyH,gCINO,S | 7.48 2.95 6.76
VI 39 93 751 | 295 6.82 | CyH,,CINOS | 7.67 3.03 6.94
VIl 26 86 7.13 2.82 6.50 CosH,5CINOSS 7.24 2.86 6.54

2 Recrystallized from methanol.

Table 4. IR and H NMR spectra of diadducts V-VIII

C(:]rg.p. VI(RSCSEI(;CtLl:nm_l IH NMR spectrum, 8, ppm

Vv 2156 7.35-7.22 m (10H, 2Ph), 4.74 t [1H, CH(CI)], 4.50 t [1H, CH(SCN)], 4.12 t (4H, 20CH.,),
3.36-3.29 m, 3.15-3.06 m (4H, 2CH,Ph), 1.65-1.57 m (4H, CH,CH,)

VI 2156 7.14-7.02 m (8H, 2CgH,), 4.77 t [1H, CH(CI)], 4.49 t [1H, CH(SCN)], 4.10 t (4H, 20CH.,),
3.35-3.27 m, 3.14-3.06 m (4H, 2CH,C¢H,), 2.255(6H, 2CH3CgH,), 1.64-1.56 m (4H, CH,CH,)

VI 2152 7.33-7.18 m (10H, 2Ph), 4.75 t [1H, CH(CI)], 4.51 t [1H, CH(SCN)], 4.24 t (4H, 20CH.,),
3.52 dd (4H, CH,OCH,), 3.38-3.28 m, 3.16-3.08 m (4H, 2CH,Ph)

VI 2152 7.16-7.01 m (8H, 2CgH,), 4.76 t [1H, CH(CI)], 4.48 t [1H, CH(SCN)], 4.23 t (4H, 20CH.,),
3.51 d.d (4H, CH,0OCH,), 3.38-3.29 m, 3.16-3.07 m (4H, 2CH,CgH,), 2.26 s (6H, 2CH4CgH,)
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mulls (adducts V-VI11). The 'H NMR spectra were
obtained on a Varian VXR-300 instrument for
DMSO-dg solutions (300 MHz), external reference
HMDS. The purity of the synthesized compounds was
established by TLC on Silufol UV-254 plates (eluent
hexane-chloroform, 3:1).

1-Acryloyloxy-4-(2-chloro-3-phenylpropionyl-
oxy)butane (I). a. To 0.05 mol of tetramethylene
glycol diacrylate, 0.075 mol of sodium chloride, and
0.0076 mol of copper(ll) tetrafluoroborate hexahyd-
rate in 250 ml of aqueous acetone (1:2), benzenedi-
azonium tetrafluoroborate, 0.075 mol, was added over
the course of 1.5 h. Nitrogen evolution was observed
a 10-15°C for 1.5 h. When nitrogen no longer
evolved, the reaction mixture was treated with 200 ml
of diethyl ether, and the extract was washed with
water and dried with calcium chloride. The ether was
removed by distillation, and the residue was subjected
to column chromatography on Al,O4 (eluent hexane-
chloroform, 3:1). The fractions collected were
analyzed by IR spectroscopy and TLC. Yield 29 g
(19%), oily orange substance.

b. To 0.05 mol of tetramethylene glycol diacrylate
and 0.0061 mol of copper(ll) chloride hexahydrate in
200 ml of agueous acetone (1:2), a solution of
0.081 mol of benzenediazonium chloride was added
over the course of 1 h. Nitrogen evolution was ob-
served at -5 to —10°C for 2 h. When nitrogen no
longer evolved, the reaction mixture was treated with
150 ml of diethyl ether, and the extract was washed
with water and dried with calcium chloride. Com-
pound | was isolated like in procedure a. Yield 6.4 g
(41%).

Compounds | 1-1V were obtained in a similar way.

1-(2-Chlor o-3-phenylpropionyloxy)-4-(3-phenyl-
2-thiocyanatopr opionyloxy)butane (V). To 0.03 mol
of 1-acryloyloxy-4-(2-chloro-3-phenylpropionyloxy)-

butane (1), 0.003 mol if copper(ll) tetrafluroborate
hexahydrate, and 0.045 mol of potassium thiocyanate
in 150 ml of agueous acetone (1:3), 0.045 mol of
benzenediazonium tetrafluroborate was added over
the course of 1 h. Vigorous nitrogen evolution was
observed at 10-15°C for 1 h. When nitrogen no longer
evolved, the reaction mixture was treated with 100 ml
of diethyl ether, and the extract was washed with
water and dried with magnesium sulfate. The ether
was removed by distillation, and the residue was
subjected to column chromatography on Al,O5 (eluent
hexane-chloroform, 3:1). Yield 5.7 g (38%), viscous
oily substance crystallizing on standing. Recrystalliza-
tion from methanol gave 3.7 g of compound V, mp
99°C.

Compounds VI-VIII were prepared in a similar
way.

ACKNOWLEDGMENTS

The work was financially supported by the Mi-
nistry of Science and Education of Ukraine.

REFERENCES

1. Grishchuk, B.D., Baranovskii, V.S., Gorbovii, P.M.,
and Drozdova, E.L., Nauk. Zapiski Ternopil. Derzh.
Ped. Univ., Ser. Khim., 2001, no. 5, p. 3.

2. Gorbovoi, P.M., Baranovskii, V.S., Koval’skii, YaP.,
and Grishchuk, B.D., Zh. Obshch. Khim., 2002, vol. 72,
no. 8, p. 1311

3. Grishchuk, B.D., Baranovskii, V.S., Gorbovoi, P.M.,
Koval'skii, YaP., and Ganushchak, N.I., Zh. Obshch.
Khim., 2002, vol. 72, no. 9, p. 1497.

4. Grishchuk, B.D., Baranovskii, V.S., Gorbovoi, P.M.,
and Ganushchak, N.l., Zh. Obshch. Khim., 2003,
vol. 73, no. 6, p. 1011.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol.75 No.4 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


