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Effect of solvent on the kinetics of arylsulfonylation of
N-alkylated anilines in a water—propan-2-ol system

T. P. Kustova® and I. O. Sterlikova

Ivanovo State University,
39 ul. Ermaka, 153025 Ivanovo, Russian Federation.
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The effect of the composition of a water—propan-2-ol solvent on the kinetics of
arylsulfonylation of N-ethyl-, N-isopropyl-, and N-butylanilines with 3-nitrobenzenesulfonyl
chloride at 298 K was studied. The reaction rate constant increases monotonically with an
increase in the water fraction in the solvent from 5 to 30 wt.%. The apparent activation
parameters of the reaction of N-butylaniline with 3-nitrobenzenesulfonyl chloride were calcu-
lated. No considerable changes in the activation parameters of the reaction were observed on
going from pure propan-2-ol to a 10% aqueous solution, which indicates that the mechanism
remains unchanged upon solvent change. Propan-2-ol with a water content of 5—30 wt.% can
be used in the synthesis of arylsulfonylation products of the amines under study in 98—99%

yield.
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We have previously!:? studied the kinetics of aryl-
sulfonylation of N-alkylated anilines and N-isobutyl-
anilines substituted at the benzene ring with 3-nitro-
benzenesulfonyl chloride in several organic solvents
at 298 K. It was found that the rate constants of all the
reactions under study lie in an interval of (0.16—29.24) -
<1072 L mol~! s~!. Therefore, it seems of interest to search
for mixed solvents accelerating the reactions of N-alkyl-
arylamines with aromatic sulfonyl chlorides. Our previous
studies® of the similar reaction of aromatic amines with
3- and 4-nitrobenzenesulfonyl chlorides showed that the
arylsulfonylation rate constant increases substantially
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when water-organic solvents (water—propan-2-ol, wa-
ter—dioxane, water—acetonitrile) are used. Interest in
water as a component of solvents is caused by its amphi-
protic nature and profitable use in practice of organic
synthesis.

In the present work, we studied the kinetics of the
reaction of N-substituted anilines with 3-nitrobenzene-
sulfonyl chloride (Scheme 1) and calculated the activa-
tion parameters of the reaction and the yields of the target
product at different initial concentrations of the reactants
and solvent compositions.

Experimental

The kinetics of the reaction of amines 1la—c with sulfonyl
chloride 2 was studied by conductometry using an E7-14 elec-
tric conduction meter equipped with an OK-9023 circular plati-
num electrode. The initial concentration of alkylarylamine in
the working solution was twice as large as the initial concentra-
tion of the arylsulfonylating agent, being 1-10~2 mol L~!.

In a water—propan-2-ol solvent, the reaction of amines la—c¢
with sulfonyl chloride 2 is accompanied by the hydrolysis and
alcoholysis of the latter (Scheme 2).

It has previously4 been shown that for aniline acylation with
benzenesulfonyl chloride the conversion of the sulfonyl chloride
due to solvolysis in methanol does not exceed 2—3%, whereas in
other alcohols (ethanol, propanol, efc.) alcoholysis occurs more
slowly. Therefore, when calculating the arylsulfonylation rate
constant, we neglected the alcoholysis of sulfonyl chloride 2.
The rate constant of hydrolysis of sulfonyl chloride 2 (k;) was
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determined during a special kinetic experiment and then taken
into account in the calculation of the reaction rate constant (k,.)
(see Scheme 1).

The kinetics of the reaction of amines la—c with sulfonyl
chloride 2 is described by a kinetic equation of the second order

_dcsc/dT = kaccamcsc + khcsm (1)

where ¢, and ¢y are the current concentrations of amine and
acid chloride, respectively; 1 is time.

The arylsulfonylation rate constant with allowance for hy-
drolysis of sulfonyl chloride 2 at c,;, = 2¢,.” was calculated by
the equation

k. = kh[eikhT(Cg: - x) - cgc]
el (el - x)(1 - eFnTy’

©))

where (¢, —x) = ¢, 0 (. — @) /(.. — @); @, @, and x_ are
the conductions of the reaction mixture at the initial moment 1,
at the time moment 1, and after the end of the reaction, respec-
tively; ¢ 0 is the initial concentration of sulfonyl chloride; x is
the change in the sulfonyl chloride concentration to the
moment T.

Amines (Aldrich) with the main substance content 98—99%
were used without additional purification. Compound 2 (pure
grade) was recrystallized from heptane. Propan-2-ol (reagent
grade) was distilled on a column under atmospheric pressure.
All solutions containing water were prepared using bidistilled
water.

The physicochemical constants of the reactants (m.p., b.p.)
after purification corresponded to published data.5

Results and Discussion

It has previously? been shown that N-alkylated anilines
with an isostructural alkyl substituent are least reactive in
arylsulfonylation. For instance, in N-isopropylaniline (1b)
the reaction center is screened by two Me groups, due to
which the attack to the nucleophilic center of amine by
the arylsulfonylating agent is hindered. We expected an
increase in the reactivity of this aliphatic-aromatic amine
in arylsulfonylation with a change in the solvent nature;
however, for the water-alcoholic solvents under study with
the water content 5—50 wt.% hydrolysis occurred much
more rapidly than arylsulfonylation and, hence, it was

Table 1. Rate constants of acylation of amines 1a,c with sulfonyl
chloride 2 (k,.) and hydrolysis of sulfonyl chloride 2 (k) in a
water—propan-2-ol solvent at different water contents in the
mixtures (298 K)

(DHZO XHzO* kac . 102/L mOl_l S_l kh . 104
—1

(wt.%) la le /s

0 0.00 5.00£0.01 3.21%£0.02 —

5 0.15 — 5.21£0.04 1.261+0.04

10 0.27  10.60%+0.30 7.44%0.09 1.63%0.02

15 0.37 — 9.45+0.04 1.69£0.01

20 0.45  16.00%0.10 11.20£0.08 2.0910.03

25 0.52 — 13.10£0.25 2.1940.02

30 0.59  21.5040.60 15.20£0.25 2.35+0.01

* Mole fraction (here and in Table 2).

impossible to calculate the reaction rate constants (see
Scheme 1). The steric factor exerts, most likely, the deci-
sive effect on the kinetics of arylsulfonylation of N-iso-
propylaniline and, therefore, a substantial increase in k,,
cannot be attained even by a change in the solvent nature.

Then we studied the reaction of amines 1a,c with the
N-alkyl substituent of normal structure. The k,. and &k
values for the reaction of these amines with sulfonyl chlo-
ride 2 in a water—propan-2-ol solvent at different water
contents in the mixture are presented in Table 1.

It is seen that k,. increases monotonically with an
increase in the water content in the binary solvent, and

Table 2. Results of calculation of the yield of the arylsulfonylation
product (o) and the content of 3-nitrobenzenesulfonic acid
admixture (oy,) in the water—propan-2-ol solvent at different
water contents in the mixtures (298 K)

®H,0 XHzO Csco . Qac (%) Op (%)
(wt. %) /mol L=2 le la+2 lc+2
5 0.15 0005 — 6064  — 3936
0.15 0.1 — 9466 — 534
0.15 05 — 9857  — 143
10 027 0005 69.05 6245 3095 37.55
027 01 9625 9505 375 495
027 05  99.05 9869 095 131
15 037 0005 — 6631  —  33.69
037 0.1 — 9577 — 42
037 05 — 9889  — 111
20 045 0005 7182 6549  28.18 3451
045 0.1 9671 9563 329 437
045 05  99.16 9885 084 115
25 052 0005 — 6752  — 3248
052 0.1 — 9600  — 400
052 05 — 9896  — 104
30 0.59 0005 7467 6892 2533 31.08
059 01 9715 9623 285 3.77
059 05 9928 99.02 072 0098
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the increase reaches almost 5 times on going from neat
propan-2-ol to a 30% aqueous solution (see Table 1).

The apparent activation parameters of the reaction of
amine lc¢ with sulfonyl chloride 2 in a 10% aqueous
propan-2-ol were estimated: E, = 17.4+3.4 kJ mol~!,
—AS* =216.6+11.4 J mol~! K~!. Comparison of the ob-
tained results and data for the series of alkylarylamines
in pure propan-2-ol12 (E, = 17—30 kJ mol~!, AS* =
180—227 J mol~! K—!) suggest that the mechanism of the
reaction under study remains unchanged upon this change
of the solvent.

The yield of the arylsylfonylation product (o) and
the content of 3-nitrobenzenesulfonic acid admixture (o,)
in the binary solvents under study were calculated using
the kinetic data (see Table 1) by solving the system
of differential equations (3) and (4) using the fourth-
order Runge—Kutta method.

{daac/dr = DkpecQ(l = e — 0p)? 3)
doy, /dt = k(1 — oy — 0py) (4)

The results of calculations of o, and oy, upon the
completion of the reaction of alkylarylamines la,c with
sulfonyl chloride 2 are presented in Table 2.

The data in Table 2 show that the water—propan-2-ol
solvent with the water content 5—30 wt.% can be used in

the synthesis of the arylsulfonylation products of amines
la,c in 98—99% yield.

This work was financially supported by the Ministry of
Education and Science of the Russian Federation (Grant
RNP.2.2.1.1.7181).

References

1. T. P. Kustova, 1. O. Sterlikova, and M. V. Klyuev, Izv. Akad.
Nauk, Ser. Khim., 2002, 2000 [Russ. Chem. Bull., Int. Ed.,
2002, 51, 2157].

2. T. P. Kustova, 1. O. Sterlikova, and M. V. Klyuev, Zh. Obshch.
Khim., 2002, 72, 1330 [Russ. J. Gen. Chem., 2002, 72 (Engl.
Transl.)].

3.T. P. Kustova, L. V. Kuritsyn, and A. O. Sedova, Izv. Vuzov.
Khim. Khim. Tekhnologiya, 1998, 41, 44 [ Izv. Vuz. Khim. Khim.
Tekhnol., 1998, 41 (Engl. Transl.)].

4. L. V. Kuritsyn and N. K. Vorob ev, Izv. Vuzov. Khim. Khim.
Tekhnologiya, 1969, 12, 1037 [Izv. Vuz. Khim. Khim. Tekhnol.,
1969, 12 (Engl. Transl.)].

5. Svoistva organicheskikh soedinenii. Spravochnik | Properties of
Organic Compounds. Reference Book], Ed. A. A. Potekhin,
Khimiya, Leningrad, 1984, 520 pp. (in Russian).

Received January 10, 2006,
in revised form April 24, 2006





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


