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Abstract—Reactions of 1,1-dichloropolyfluoroalkanesulfenyl chlorides with ammonia afford 1,1-dichloro-
polyfluoroalkanesulfenamides that under the action of triethylamine are converted into 3,5-bispolyfluoroalkyl-

1,2,4-thiadiazoles.

Reactions of a-chloroalkanesulfenyl chlorides with
ammonia and amines are studied in detail only by an
example of trichloromethanesulfenyl chloride [1]. In
contrast to alkane- and arenesulfenamides arising in
reaction of the corresponding sulfenyl chlorides with
ammonia and primary amines, the trichloromethane-
sulfenamides are very unstable. For instance, CCI;SNH,
is stable only below —70°C [1]. In reaction of CCIl;SCI
with primary alkyl- and arylamines form sulfenamides
CCI;SNHR that are stable below 0°C, decompose at room
temperature, and explode at heating [2]. However the
longer perchloroalkyl substituent as well as introduction
of fluorine into the molecule of sulfenamide result in
considerable stabilization of the molecule. For instance,
pentachloroetanesulfenamide C,CI;SNH, [3] and fluoro-
chloro-substituted sulfenamides CCI,FSNH, and
CCIF,SNH, [4] are heat-resistant compounds.

We report here on the synthesis of 1,1-dichloro-
polyfluoroalkanesulfenamides I and their transformation
effected by triethylamine.

We formerly described a synthesis of 1,1-dichloro-
2,2,3,3,4,4,-5,5-octafluoropentanesulfenyl chloride (IIb)
by chlorination of m-H-perfluoropentanal S,S-dibenzyl-
dithioacetal [5]. Other initial compounds for preparation
of 1,1-dichlorosulfenyl chlorides I are 1,1-dihydropoly-
fluoroalkyl benzyl sulfides II1.

Cl
RpCH,SCH,Ph ——=»= RpCCl,SCI
IIa, IIb Ia, IIb
NH3_ R.CCLSNH,
Ia, Ib
Ry = H(CF,), (a), H(CF,), (b)

The chlorination of sulfides ITI with gaseous chlorine
resulted in difficultly separable mixtures of sulfenyl
chlorides II and benzyl chloride. However passing excess
ammonia through the reaction mixture afforded sulfen-
amides I that were easily separated from benzyl chloride
by distillation. 1,1-Dichlorosulfenamides I in contrast to
their nonfluorinated analogs are thermally stable liquids
distillable in a vacuum.

We formerly obtained sulfenamides R;CCl,SNHR
treating 1,1-dichloropolyfluoroalkanesulfenyl chlorides
with primary aliphatic and aromatic amines. At dehydro-
chlorination of these compounds by lithium hexamethyl-
disilazide formed thermally stable C—Cl-sulfinimides
RrC(C1)=S=NR [6, 7]. The latter proved to be valuable
initial compounds for preparation of fluorine-containing
heterocycles [7]. This fact prompted us to investigate
the dehydrochlorination of N-unsubstituted sulfenamides
I. It was expected that at the use of an equimolar amount
of a base would occur monodechlorination to afford
sulfinimide RC(Cl)=S=NH.

It turned out that unlike sulfenamides RCCIl,SNHR
whose dehydrichlorination requires the use of strong
bases, 1,1-dichloropolyfluoroalkanesulfenamides I under-
go dehydrochlorination already at treatment with triethyl-
amine. For instance, reaction of sulfenamides I with
triethylamine in benzene at room temperature gave rise
to 3,5-bis(polyfluoroalkyl)-1,2,4-thiadiazoles IV in 32—40%
yields.

S—N
Et;N
RFCCh—S—NH, =2 K Dp,
F N

Ia, Ib IVa, IVb
R;:=H(CF,), (a), H(CF,), (b)
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To elucidate the path of thiadiazoles formation the
dehydrochlorination was monitored by °F NMR spectro-
scopy. In reaction at room temperature with 2 mol of
Et;N sulfenamide was not completely consumed even
within 3 days. At the use of 3 mol of Et;N the signals of
the initial sulfenamide disappear from the 1F NMR
spectrum of the reaction mixture in 24 h. After disappear-
ance of the sulfenamide signals the pattern of the
19F NMR spectrum of the reaction mixture did not change
even within 24 h. It is presumable that the limiting reaction
stage is the primary proton abstraction from sulfenamide
I and the arising anion quickly undergoes further
transformations. Therewith it is possible that form both
sulfinimide A and its isomer cyclic product B which readily
undergoes further dehydrochlorination affording thiazirine
C. The latter exists in an equilibrium with nitrile sulfide
D [8]. Nitrile sulfides are known to be very unstable and
to lose easily the sulfur to give nitriles [9]. At the same
time the nitrile sulfides as active 1,3-dipoles enter into
the cycloaddition reactions with nitriles. It is therefore
presumable that thiadiazoles IV originate from nitrile
sulfide addition to its decomposition product, nitrile (see
the Scheme). The rate of cycloaddition is lower than that
of nitrile sulfide decomposition as shows the presence in
the 19F NMR spectra of the reaction mixtures of signals
belonging to the corresponding polyfluoroalkylnitriles, and
the low-boiling nitrile H(CF,),CN (bp. 14°C [10]) was
distilled from the reaction mixture and identified by the
I9F NMR spectrum.

The analogous cycloaddition of intermediately formed
nitrile sulfide and nitrile was suggested as one of the
possible ways of thiadiazoles formation in thioamides
oxidation with zert-butyl hypochlorite [ 11]. We chose this
reaction as a procedure for independent synthesis of
thiadiazoles IV in order to confirm the structure of products
obtained at sulfenamides I dehydrochlorination. Reactions

S-
| RF S_N
+N)\ E—— /& >\R
| Il Rp N F
N v
R

with zert-butyl hypochlorite of thioamides Va and Vb that
we prepared by introducing sulfur into the corresponding
polyfluoroalkanecarboxamides VIa and VIb furnished
thiadiazoles IVa and I'Vb in 54—-62% yields. The physical
and spectral characteristics of thus obtained compounds
were identical to those of dehydrochlorination products
prepared from sulfenamides I.

P4Sig
R]:‘C(O)NHz I R]:‘C(S)NHQ

Vla, VIb Va, Vb
S—N
t-BuOCl
\
0 A S,
IVa, IVb

It is known that sulfinimides (of A type), same as nitrile
sulfides (of D type), can react as 1,3-dipoles in the cyclo-
addition reactions [7, 12]. We attempted to trap the
possible intermediates of the dehydrochlorination under
study in the form of cycloaddition adducts. However the
reactions carried out in the presence of various dipolaro-
philes (styrene, ethyl vinyl ether, dimethyl acetylenedicarb-
oxylate) did not provide any new products as shown by
the 19F NMR spectra of the reaction mixtures. Thus the
transformations of the dehydrochlorination products occur
faster than the cycloaddition to the trapping agents
applied.

EXPERIMENTAL

TH and 1F NMR spectra were registered on a spectro-
meter Varian VXR-300 at operating frequencies 299.943
and 282.203 MHz respectively. As internal standards
served for 'H spectra the signals of residual protons in
deuterochloroform (8 7.26 ppm) and for 19F spectra
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hexafluorobenzene (& —162.9 ppm). The column
chromatography was performed on silica gel Merck 60
(40-63 pum). Sulfide IIla was prepared as described in
[13], sulfide IIIb and sulfenyl chloride IIb by procedure
from [5].

1,1-Dichloro-2,2,3,3-tetrafluoropropanesulfenyl
chloride (IIa). Through a solution of 11.9 g (0.05 mol)
of sulfide IIla in 40 ml of chloroform at 10°C was passed
a stream of gaseous chlorine for 4 h. The chloroform
was distilled off on a Vigreux column first at the atmo-
spheric pressure, then the residue was distilled in a vacuum
(20 mm Hg) collecting the fraction boiling within 50—-60°C.
On repeated distillation the fraction was collected boiling
at 50-52°C (20 mm Hg) was collected; we obtained 10 g
of sulfenyl chloride Ila, containing 10% of benzyl chloride
(according to TH NMR spectrum). Yield 72%. 'TH NMR
spectrum (CDCly), 8, ppm: 4.59 s (PhCH,Cl), 6.26 t.t
(1H, HCF,, 2Jy45 52.2, 3J34r 5.4 Hz), 7.36 m (PhCH,CI).
19F NMR spectrum (CDCls), 8, ppm: —116.1 m (2F, CF,),
—132.5 d.m (2F, CF,H, 2Jp; 52.2 Hz).

1,1-Dichloro-2,2,3,3,4,4,5,5-octafluoropentane-
sulfenyl chloride (IIb) was prepared in the same way
as sulfenyl chloride IIa by chlorination of sulfide ITIb.
The solvent was distilled off, the residue was distilled in a
vacuum (12 mm Hg) on a Vigreux column collecting the
fraction boiling at 60—65°C. Sulfenyl chloride IIb thus
prepared contained 35% of benzyl chloride.

1,1-Dichloro-2,2,3,3-tetrafluoropropanesulfen-
amide (Ia). Through a solution of 16 g of a mixture of
sulfenyl chloride I1a and benzyl chloride in 200 ml of ether
gaseous ammonia was passed at —10°C for 0.5 h. The
reaction mixture was stirred while gradually warmed to
room temperature under continuous stream of ammonia.
To the mixture 75 ml of water was added, the ether layer
was separated, dried over Na,SO,, and the solvent was
evaporated. The residue was subjected twice to a vacuum
distillation. Yellow liquid. Yield 72%, bp 60—61°C (10 mm
Hg). 'TH NMR spectrum (CDCls), 8, ppm: 3.43 br.s (2H,
SNH,), 6.25 t.t (1H, CHF,, 2J 52.8, 3Jyr 5.7 Hz).
19F NMR spectrum (CDCls), 8, ppm: —117.7 m (2F, CF,),
—133.2 d.m (2F, CF,H, 2J;; 52.8 Hz). Found, %: C 15.34;
H 1.52; C130.49; S 13.96. C3H;Cl,F,NS. Calculated, %:
C 15.53; H1.30; C130.56; S 13.82.

1,1-Dichloro-2,2,3,3,4,4,5,5-octafluoropentane-
sulfenamide (Ib) [14] was prepared similarly to
sulfenamide Ia. Yellow liquid, yield 78%, bp 89-91°C
(10 mm Hg). 'H NMR spectrum (C¢Dg), 8, ppm:
2.58 br.s (2H, SNH,), 5.27 t.t (1H, HCF,, 2J;y 52.0, 3Jyyp
5.4 Hz). 19F NMR spectrum (C¢Dg), 8, ppm: —107.6 m

(2F, CF,), -117.8 m (2F, CF,), ~129.5 m (2F, CF,),
~136.6 d.m (2F, HCF,, 2J;; 52.0 Hz). Found, %: C 18.22;
H 0.89; C122.59; S 9.85. CsH;Cl,F¢NS. Calculated, %:
C 18.08; H 0.89; C121.35; S 9.66.

Reaction of sulfenamides (I) with Et;N. To a
solution of 0.01 mol of sulfenamide I in 20 ml of benzene
was added dropwise 4.2 ml (0.03 mol) of triethylamine,
and the mixture was stirred for 24 h monitoring the
completion of the reaction by disappearance in the
19F NMR spectrum of the reaction mixture of the signals
of'the initial sulfenamide. The precipitate was filtered off,
the filtrate was washed with a saturated water solution
of NH,Cl, dried over Na,SO,, and benzene was
evaporated. The residue was subjected to fractional
distillation in a vacuum. Thiadiazoles IV were additionally
purified by column chromatography on silica gel, eluent
petroleum ether, monitoring by TLC Silufol UV-254 plates,
development in a iodine chamber.

3,5-Bis(2,2,3,3-tetrafluoroethyl)-1,2,4-thiadi-
azole (I'Va). Colorless liquid, yield 40%, bp 51-53°C
(10 mm Hg), R; 0.72. 'TH NMR spectrum (CDCly), 8,
ppm: 6.31 t.t (1H, HCF,, 2J;4 52.8, 3Jy; 4.0 Hz), 6.35 t.t
(1H, HCF,, 2/ 52.8, 3Jyr 4.4 Hz). 19 F NMR spectrum
(CDCly), 6, ppm: —111.3 m (2F, CF,),—116.3 (2F, CF,),
—136.5 d.m (2F, CF,, 2Jpy 52.8 Hz), —137.5 d.m (2F,
CF,H, 2J;;; 52.8 Hz). Found, %: C 25.36; H 0.68; N 9.62;
S 11.00. C¢H,FgN,S. Calculated, %: C 25.18; H 0.70;
N9.79; S 11.21.

3,5-Bis(2,2,3,3,4,4,5,5-octafluorobutyl)-1,2,4-
thiadiazole (IVb). Colorless liquid, yield 32%, bp 45—
47°C (0.06 mm Hg), R;0.64. 'TH NMR spectrum (CDCl;),
S, ppm: 6.10 t.t (1H, HCF,, 2J;x 51.9, 3J 5.1 Hz),
6.11 t.t (1H, HCF,, 2Jyyp 52.1, 3Jyr 5.3 Hz). 'F NMR
spectrum (CDCly), 8, ppm: —107.5 m (2F, CE,—C3),
—112.3 m (2F, CE,—C3), —=124.3 m (2F, CF,), —1252 m
(2F, CF,), —129.6 m (2F, CF,), —130.6 m (2F, CF,),
—138.2 m (4F, 2xCF,H). Found, %: C 24.87; H 0.59;
F 61.79; N 5.68; S 6.43. C|(H,F,N,S. Calculated, %:
C24.70; H0.41; F 62.52; N 5.76; S 6.60.

Synthesis of thioamides V. General procedure.
To a dispersion of 0.05 mol of amide VI in 100 ml of
toluene was added 26.68 g (0.06 mol) of P,S;;and 6.7 g
(0.05 mol) of hexamethyldisiloxane. The mixture was
heated to 80°C under vigorous stirring for 20 h with com-
pound VIa or for 12 h with compound VIb. The precipi-
tate was filtered off and washed on the filter with 20 ml
of ether. The solvents were removed in a vacuum (10—
20 mm Hg), the residue was diluted with ether (100 ml).
The ether solution was washed in succession with a satu-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol.41 No.2 2005



1,1-DICHLOROPOLYFLUOROALKANESULFENAMIDES 271

rated solution of NaHCOs; till the end of gas evolution
(4x50 ml), with a saturated solution of NaCl (2x100 ml),
and with water (2x100 ml). The water layer was addi-
tionally extracted with ether (2x100 ml). The combined
ether solution was dried with Na,SO,, the ether was re-
moved in a vacuum (10—20 mm Hg), and the thioamides
V were obtained as a residue.

2,2,3,3-Tetrafluorothiopropionamide (Va). Yellow
liquid, yield 40%, bp 45-50°C (0.07 mm Hg). 'TH NMR
spectrum (CDCl;), 8, ppm: 6.42 t.t (1H, HCF,, 24 53 4,
3Jur 5.5 Hz), 7.78 br.s (1H, NH), 8.00 br.s (1H, NH).
19F NMR spectrum (CDCl5), 8, ppm: —120.5 m (2F, CF,),
—139.7 d.m (2F, CF,H, 2J;; 53.4 Hz). Found, %: C 22.29;
H 1.75; N 8.52; S 20.10. C3H;F,NS. Calculated, %:
C22.36; H 1.88; N 8.69; S 19.90.

2,2,3,3,4,4,5,5-Octafluorothiovaleramide (Vb).
Colorless crystals, yield 89%, mp 38—41°C (from hex-
ane). 'H NMR spectrum (CDCl;), 5, ppm: 6.12 t.t (1H,
HCF,, 2Jyp 52.0, 3Jyr 5.3 Hz), 7.44 br.s (1H, NH),
7.91 br.s (1H, NH). 19F NMR spectrum (CDCl5), 8, ppm:
—111.8 m (2F, CF,), —123.8 m (2F, CF,), -130.3 m (2F,
CF,), —138.3 d.m (2F, CF,H, 2Jp4 52.0 Hz). Found, %:
C 22.49; H 1.05; N 5.48; S 12.33. CsH3FgNS. Calcu-
lated, %: C 23.00; H 1.16; N 5.36; S 12.28.

Synthesis of thiadiazoles IV from thioamides V.
General procedure. To a solution of 5.4 mmol of
thioamide V in 10 ml of chloroform was added 0.32 ml
(2.7 mmol) of fert-butyl hypochlorite, and the reaction
mixture was stirred at room temperature for 24 h. The
precipitate of elemental sulfur was filtered off, the chlo-

roform was distilled off, and the residue was distilled in
a vacuum. Yield of thiadiazole I'Va 54%, of thiadiazole
IVb 62%.

REFERENCES

1. Koval’, V., Usp. Khim., 1991, vol. 60, p. 1645.

2. Haas, A. and Lorenz, R., Chem. Ber., 1972, vol. 105, p.3161.

3. Boureghda, A., Abdel-Megeed, M.F., Ghattas, A.B.A.G.,
Jensen, B., and Senning, A., Sulfur Lett., 1987, vol. 5,
p. 159.

4. Haas, A. and Lorenz, R., Chem. Ber., 1972, vol. 105, p. 273.

5. Markovskii, L.N., Slyusarenko, E.I., Timoshenko, V.M.,
Kaminskaya, E.I., Kirilenko, A.G., and Shermolovich, Yu.G.,
Zh. Org. Khim., 1992, vol. 28, p. 14.

6. Shermolovich, Yu.G., Timoshenko, V.M., Rozhenko, A.B.,
and Markovskii, L.N., Zh. Org. Khim., 1992, vol. 28, p. 427.

7. Ahlemann, J.-T., Roesky, H.W., Markovsky, L.N.,
Timoshenko, V.M., and Shermolovich, Yu.G., Heteroatom
Chem., 1995, vol. 6,p. 9.

8. Gotthardt, H., Tetrahedron Lett., 1971, vol. 12, p. 1277.

9. Paton, R.M., Chem. Soc. Rev., 1989, vol. 18, p. 33.

10. England, D.C., Lindsey, R.V., and Melby, L.R., J. Am. Chem.
Soc., 1958, vol. 80, p. 6442.

11. EI-Wassimy, M.T.M, Jorgensen, K.A., Lawesson, S.O.,
Tetrahedron, 1983, vol. 39, p. 1729.

12. Markovskii, L.N., Timoshenko, V.M., and Shermolo-
vich, Yu.G., Zh. Org. Khim., 1995, vol. 31,p. 161.

13. Timoshenko, V.M., Listvan, V.V., Rusanov, E.B.,
Shermolovich, Yu.G., and Markovskii, L.N., Zh. Org. Khim.,
1997, vol. 33, p. 70.

14. Timoshenko, V.M., Cand. Sci. (Chem.) Dissertation, Kiev,
1994.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol.41 No.2 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


