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Abstract—The reaction of N-sulfinyltrifluoromethanesulfonamide with triphenylphosphine and triphenyl-
phosphine oxide or of trifluoromethanesulfonamide with dichloro(triphenyl)phosphorane leads to trifluoro-N-
(triphenyl-A’-phosphanylidene)methanesulfonamide, which is hydrolyzed to trifluoromethanesulfonamide and
triphenylphosphine oxide via the intermediate trifluoro-N-[hydroxy(triphenyl)phosphoranylJmethanesulfonamide.
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Reactions of N-sulfinylsulfonamides RSO,NSO (R =
Me, p-Tol) with triphenylphosphine, -oxide, -sulfide,
-phenylimine afford phosphazenes RSO,N=PPh; in
moderate to good yields [1, 2].

RSO,N=S=0 + Ph;P=X — RSO,N=PPh; + XSO, (1)
X =LP,O, S, NPh.

Mixed triarylphosphazosulfonylaryls ArSO,N=
PAr,Ar", ArSO,N=PAr'Ar"Ar" are prepared by the
reaction of dichloro(triarylphosphoranes with arene-
sulfonamides or N,N-dichlorosulfonamides [Egs. (1),
(2)] and by oxidative imination of triarylphosphines
with N, N-dichlorosulfonamides [Eq. (4)], sodium salts
of N-chlorosulfonamides [Eq. (5)] or arenesulfonyl-
azides [Eq. (6)] [3].

ArSO,NH, + CI,PR; T ()

ArSOZNC12 + C12PR3

3)

-Cl,

AI'SOzNClz + PR3

— ArSO,N=PR; (4)

-Cl,
ArSOzNNaCI + PR3 “NaCl (5)
ArSO,N; + PR :
SU2IN3 3 N, (6)

As noted in [3], reaction (6) is the least practical
since it is followed by the formation of difficultly
separable side products, although the triphenyl-
phosphine reacts smoothly with polyfluorinated sul-

fonylazide under mild conditions to form the
corresponding phosphazene in 66% yield, which is
readily hydrolyzed in air [4].

RzSO;Nj; + Ph;P T RrSO,N=PPh;

MO, R.SO,NH, + PhsPO, )

RF = H(CFz)O(CFz)Z

The oxidative imination of triphenylphosphine with
N,N-dichloro(polyfluoroalkane)sulfonamides also pro-
ceeds in high yields (>70%) [5].

Zn

PPh3 + RFSOQNC12 RFSOQN:PPh:;, (8)

CoHq (ELO)
Rf = I(CF3)20(CF3); H(CF;),0(CF)s.

The known methods of synthesis of fluorinated
phosphazenes RgSO,N=PPh; are limited to the
aforementioned reactions (7), (8) [4, 5]. In connection
with this and in continuation of our studies of the
phosphorus-containing derivatives of triflamide [6] we
have studied the reaction of N-sulfinyltrifluoromethane-
sulfonamide CF;SO,NSO (I) with triphenylphosphine
and triphenylphosphine oxide.

The reaction of compound I with triphenylphos-
phine in benzene at room temperature results in the
formation of trifluoro-N-(triphenyl-A’-phosphanyl-
idene)methanesulfonamide CF3;SO,N=PPh; (II) in
nearly quantitative yield.
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CF3SO,N=S=0 + PPh; — CF3;SO,N=PPh; + SO.  (9)
I 11

The reaction of compound I with triphenyl-
phosphine oxide in benzene also results in product II,
although the reaction proceeds much more slowly.
According to the *'P NMR spectroscopy data, the
conversion of triphenylphosphine oxide after 2 h at 80°C
was as low as 7%.

CF3SOQN:S:O + O:PPh3 TOZ) CF3SOzN:PPh3
I 11

(10)

We believe that the reasons for a substantially
lower activity of triphenylphosphine oxide as
compared to triphenylphosphine in the reaction with
compound I are similar to those in the reaction of
oxidation of sulfides into sulfoxides and of sulfoxides
into sulfones as we have considered earlier [7]. Reac-
tion (9) consists in a nucleophilic attack of the lone
pair of the phosphorus atom in Ph;P on the electron-
deficient nitrogen atom in TfN'-S=0; similar to that
the oxidation of sulfides is a nucleophilic attack of the
lone pair (LP) of the sulfur atom on the oxygen atom
of the oxidant. On the contrary, reaction (10) is a
nucleophilic attack of the nitrogen LP in compound I
on the electrophilic phosphorus atom of Ph;P=0, like
the oxidation of sulfoxides consists in a nucleophilic
attack of the oxidant on the sulfur atom in R,SO. Ex-
tremely low basicity of nitrogen atom in compound I
results in the low reactivity of triphenylphosphine oxide.

Product II was independently synthesized by the
reaction of N-trifluoromethanesulfonamide CF;SO,-
NH, I with dichloro(triphenyl)phosphorane prepared
in situ by the chlorination of triphenylphosphine with
phosphorus pentachloride.

CF3SOzNH2 + PPh3C12 TCI) CF3SOzN:PPh3

I 1T

The structure of product I was proved by the
presence of doublet signals of the C,, C,, C, carbon
atoms split by coupling with the phosphorus atom in
the >C NMR spectrum and a quartet of doublets of the
CF; group. A specific difference of the “C NMR
spectra of compound II and triphenylphosphine oxide
is that in Ph;PO the C; atom gives the most downfield
signal (133 ppm), while in product II it is the most
upfield signal of the phenyl group (126 ppm). In the 'H
NMR spectrum of product II the signals of the H,, H,,,
H, protons are separated, in contrast to the PPh;
spectrum where they all resonate as a singlet at 7.36
ppm. The 'H NMR spectrum of product II is

(11
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qualitatively similar to that of triphenylphosphine
oxide but the signals are shifted downfield by 0.10 (H,,
H,,) and 0.14 ppm (H,) relative to the corresponding
signals of PhiP=0. The signal in the *'P NMR
spectrum is also shifted downfield relative to
triphenylphosphine by 26 ppm.

The molecular ion peak is lacking in the mass
spectrum of compound II. The main fragment ion
[PhsPNSO,]" with m/z 340 corresponds to elimination
of CF; from the molecular ion. Similar fragmentation
is characteristic of trifluoro-N-(trichloro-A’-phosphanyl-
idene)methanesulfonamide CF;SO,N=PClI; [8].

After staying in the solution, new signals of a minor
product appear in the NMR spectra of product II, as
shown in the figure by the example of the *C NMR
spectrum.

Complete resemblance of the *C NMR spectra is
indicative of the presence of the same groups in the
formed product as in compound II, that is, Ph;P and
NSO,CFs. In the *'P NMR spectrum, two signals at 52
(minor) and 21 ppm are observed, and the Jcp constants
in the *'P NMR spectrum measured for these signals
from "°C satellites coincide with the Jcp constants in the
3C NMR spectrum for the C; carbon signals in the minor
product and in compound II, respectively. In the “F
NMR spectrum two signals are present at —78.45 ppm
(minor) and —79.34 ppm (major). In the 'H NMR
spectrum, apart from the signals of aromatic protons, a
downfield signal appears at 11.5 ppm. The similarity
of the *C NMR spectra and substantial difference of
the *'P chemical shifts, as well as almost complete
coincidence of the minor "F signal with that of
triflamide (—78.52 ppm) allow to conclude that the
minor product is the product of hydration of trifluoro-
N-(triphenyl-A’-phosphanylidene)methanesulfonamide
(ID), trifluoro-N-[hydroxy(triphenyl)phosphoranyl]-
methanesulfonamide (IV), which is the intermediate
product of hydrolysis before the formation of tri-
flamide and triphenylphosphine oxide.

H,0
CF3SOzN:PPh3 I CF3SOzNH—I|)Ph3

1l v OH

—> CF;SO,NH,; + O=PPh;.
I

(12)

Therefore, the reaction of N-sulfinyltrifluorometh-
anesulfonamide with triphenylphosphine and tri-
phenylphosphine oxide, as well as the reaction of tri-
fluoromethanesulfonamide with dichloro(triphenyl)-
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BC NMR spectrum of the partly hydrolyzed compound II. (/) signals of trifluoro-N-(triphenyl-A’-phosphanylidene)-methane-
sulfonamide (II) and (2) signals of trifluoro-N-[hydroxy(triphenyl)phosphoranyl]methanesulfonamide (IV).

phosphorane leads to trifluoro-N-(triphenyl-A’-phos-
phoranylidene)methanesulfonamide. The latter is
easily hydrolyzed in the air or upon staying in the
solution to trifluoromethanesulfonamide and triphenyl-
phosphine oxide via the intermediate formation of the
product of hydration, trifluoro-N-[hydroxy(triphenyl)-
phosphoranyl]methanesulfonamide.

EXPERIMENTAL

IR spectra were registered on a Bruker Vertex 70
spectrophotometer in KBr pellets. 'H, °C, *'P, F
NMR spectra were recorded on a Bruker DPX 400
spectrometer at working frequencies of 400 ('H), 100
(*C), 162 ('P), 376 MHz (*’F) in CDCl;, chemical
shifts are given relative to TMS (‘H, *C), HyPO, (*'P)
and CCLF (“F). Electron impact mass spectrum
(70 eV) was obtained on a GCMS-QP5050A Shimadzu
chromatomass spectrometer (quadruple mass analyzer),
capillary column SPB-5mS (60 m, 0.25 mm) in the
temperature programming mode from 70 to 250°C with

the rate of 10°/min, gas-carrier helium. The tempera-
ture of injector and ionic source 250°C.

Reaction of V-trifluoromethanesulfonamide with
dichlorotriphenylphosphorane. To a solution of
0.42 g of phosphorus pentachloride in 4 ml of CCly
0.40 g of triphenylphosphine was added at stirring. The
reaction mixture was refluxed with stirring for 20 min,
then 0.30 g of trifluoromethanesulfonamide was added
and stirred for 2 h at room temperature. The solvent
was removed in a vacuum. The yield of trifluoro-/N-
(triphenyl-A’-phosphanylidene)methane-sulfonamide
(II) 0.82 g (100%), mp 124-126°C. IR spectrum, v,
cm ': 3059, 1589, 1485, 1439, 1318, 1251, 1210, 1111,
1096, 997, 794, 729, 691, 612, 534, 501. '"H NMR, §,
ppm: 7.56 m (6H, H,), 7.67 m (3H, H,), 7.77 m (6H,
H,). °C NMR, 8¢, ppm: 120.07 q. d (CF;SO,, Jer
320.7, 6.2 Hz), 12592 d (C;, J 105.7 Hz), 129.23 d
(Cu, J 13.4 Hz), 133.15 d (C,, J 11.2 Hz), 133.78 d
(C,, J 2.5 Hz). *'P NMR, 8p, ppm: 21.40. "°F NMR, &,
ppm: —79.34. Mass spectrum, m/z (ion, I, %): 340
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(Ph;sPNSO;3, 100), 201 (Ph,PO", 38), 122 (PhPN", 38),
77 (Ph', 53), 69 (CF3, 11), 51 (CHF;, 38), 46 (SN,
12). Found, %: C 55.44; H 3.68; F 13.57; N 3.42; P
7.56; S 8.06. C1oH;sF;NO,PS. Calculated, %: C 55.75;
H 3.69; F 13.92; N 3.42; P 7.57; S 7.83.

Trifluoro-/V-lhydroxy(triphenyl)phosphoranyl]-
methanesulfonamide (IV). C NMR, &, ppm:
119.77 q. d (CF5S0,, Jcr 320.8, 6.3 Hz), 123.36 d (C,,
J 108.8 Hz), 129.89 d (C,, J 13.4 Hz), 132.88 d (C,,
J 11.6 Hz), 135.23 d (C,, J 2.3 Hz). >'P NMR, §p, ppm:
52.42. "F NMR, &, ppm: —78.45.

Reaction of N-sulfinyltrifluoromethanesulfon-
amide with triphenylphosphine. To a solution of
0.39 g of N-sulfinyltrifluoromethanesulfonamide in 5
ml of benzene in argon atmosphere at room
temperature 0.52 g of triphenylphosphine in 5 ml of
benzene was added with vigorous stirring; the mixture
slightly self-heated and turned yellow. The reaction
mixture was stirred for 16 h at room temperature, the
solvent was removed in a vacuum to obtain 0.82 g
(100%) of product II as cream color crystals.

Reaction of N-sulfinyltrifluoromethanesulfon-
amide with triphenylphosphine oxide. To the
solution of 0.24 g of N-sulfinyltrifluoromethane-
sulfonamide in 5 ml of benzene in argon atmosphere at
room temperature 0.33 g of triphenylphosphine oxide
was added with vigorous stirring. The mixture was

TOLSTIKOVA et al.

stirred at 80°C for 2 h and evaporated. The residue
(0.50 g), from the data of 'H, °C, *'P NMR spectra,
was the mixture of triphenylphosphine oxide and
product II in the ratio of 13:1.

ACKNOWLEDGMENTS
This work was financially supported by the Russian
Foundation for Basic Research (grant no. 10-03-

00110).

REFERENCES

—_—

Senning, A., Angew. Chem., 1965, vol. 77, no. 8, p. 379.

2. Senning, A., Acta Chem. Scand., 1965, vol. 19, no. 7,
p. 1755.

3. Shevchenko, V.I., Pinchuk, A.M., and Kirsanov, A.V.,
Zh. Obshch. Khim., 1965, vol. 35, no. §, p. 1488.

4. Zhu, S.-Z., Tetrahedron Lett., 1992, vol. 33, no. 43,
p. 6503.

5. Zhu, S.-Z., Xu, B., Qin, C., and Xu, G., Inorg. Chem.,
1997, vol. 36, no. 21, p. 4909.

6. Tolstikova, L.L.., Bel’skikh, A.V., Shainyan, B.A., Zh.
Obshch. Khim., 2009, vol. 79, no. 8§, p. 1394.

7. Shainyan, B.A. and Danilevich, Yu.S., Zh. Org. Khim.,
1999, vol. 35, no. 12, p. 1787.

8. [Iriarte, A.G., Robles, N.L., Cutin, E.H., and Della

Vedova, C.O0.A., J. Mol. Struct., 2008, vol. 888, p. 7.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80 No. 6 2010




<<
  /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 /Error
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


