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Enynes represent a class of important synthetic intermediates
and have been utilized as essential components in the synthesis
of multifunctional molecules' and natural products.2 However,
most of papers related to enynes focused to the synthesis and
application of 1,3-enynes, whereas chemistry of 1,4-enynes has
attracted relatively less attention. In spite of various reports on
the preparation of nonfluorinated 1,4-enynes,’ there are only
limited reports on the synthesis of fluorinated 1,4-enynes.4 Flu-
orinated 1,4-enynes were prepared in good yields from the re-
action of perfluorooctynyllithium reagent with B-perfluorinated
enone™ or from lithium ethylpropiolate with 2-fluoropropenal
derivative.* Reaction of alkynyllithium reagents with B-per-
fluoroalkylated enol phosphate provided polyfluorinated 1,4-
enynes via allylic defluorination.”™ Yamanaka et al. prepared
1,1,2-trifluoro-1,4-enyne derivative from the reaction of B-tri-
fluoromethylated enamine with alkynylmagnesium bromide.*
1,1-Difluorinated 1,4-enynes were synthesized from the reaction
of 2,2—diﬂu0roethen3111ithium reagents with ynal derivatives
at low temperature.4 “* However, the previous methods have
some drawbacks such as the use of unstable metal reagents and
lack of generality. Herein, we wish to report the general and effi-
cient preparation of gem-difluorinated 1,4-enyne derivatives
having phenylthio group at 2-position via the simple allylic
substitution reaction of gem-difluorinated 3-bromo-2-phenyl-
thiopropene with alkynyllithium reagents. To our knowledge, the
direct alkynylation of electrophilic gem-difluorinated 3-bromo-
2-phenylthiopropene has not been reported.

Starting materials, 3-bromo-3,3-difluoro-2-phenylthiopro-
pene (1) and 3-bromo-1,1-difluoro-2-phenylthiopropene (2),
were obtained in 58% and 23% yield from the reaction of 1,1-

Table 1. Optimization for the reaction of 1 with phenylethynyllithium
reagent

Ao CFB o c=c-Lit2equy T\ HpCTCSCPN
/C*C\ solvent, T (°C), t (h) /C*C\
H SPh F SPh
1 3a
entry Solvent T(°C) t(h) Yield” (%)
1 THF it 1 2
2 THF 0 1 30
3 THF -25 2 42
4 THF -35 2 56
5 THF -35 3 82
6 THF ~70 3 NR*
7 ether =35 3 67

“Isolated yield. bMessy reaction mixture was observed. “No reaction.

difluoro-2-phenylthiopropene with NBS in CH3CN at reflux
temperature for 3 h.’ The phenylthio group has remarkable effect
in the nucleophilic addition reaction of olefin due to the ability
of sulfur atom to stabilize the carbanion.® We then examined
the reaction of 1 with phenylethynyllithium reagent under the
different solvent and temperature. When 1 was reacted with
phenylethynyllithium reagent (1.2 equiv) at room temperature
for 1 h in THF, messy reaction mixture was obtained. The same
reaction was performed at 0 °C to give the desired 1,1-difluo-
rinated 1,4-enyne 3ain 30% yield. The lower reaction tempera-
ture and longer reaction time resulted in the formation of 3ain
higher yield. The optimized reaction condition was achieved
at =35 °C for 3 h, in which 3a was obtained in 82% yield. The
results of these reactions are summarized in Table 1. The favor
of SN2’ process in this reaction can be rationalized by the
difficulty of direct Sn2 reaction due to the repulsion between
nucleophile and two fluorine atoms.

We attempted the reactions of 1 with a variety of alkyl-, aryl-,
and silyl-subsituted ethynyllithium reagents under the optimized
reaction condition. When 1 was reacted with aryl-substituted
ethynyllithium reagents having substituents on the benzene
ring such as p-fluoro, p-chloro, p-methyl, p-methoxy, m-fluoro,
m-methyl, and o-methoxy group, 1,1-difluorinated 1,4-enynes
3b-3h were obtained in 50 - 80% yields. However, the reaction
with 3,5-bis(trifluoromethyl)phenylethynyllithium reagent gave
the desired product 3i in only 15% yield, which indicates that
electron-withdrawing group on benzene ring decreased the
nucleophilicity of ethynyl anion. Reactions of 1 with alkyl-sub-
stituted ethynyllithium reagents such as pentyl, hexyl, heptyl
and octyl group afforded the 1,4-enynes 3j-3min 82 - 94% yields.
Similarly, treatment of 1 with trimethylsilyl- or triisopropyl-
silylethynyllithium reagent under the same reaction condition
resulted in the formation of the corresponding 1,4-enynes 3n
and 30 in 80% and 85% yields, respectively. Results of all of
these reactions are summarized in Table 2.

We then examined the reaction of 3-bromo-1,1-difluoro-2-
phenylthiopropene (2) with phenylethynyl-lithium reagent to
check whether this reaction also provides 1,1-difluorinated
2-phenylthio-1,4-enyne 3a or not because 2 has two electro-
philic sites such as 1,1-difluorovinyl carbon and allylic carbon.
Therefore, reaction of 2 with phenylethynyllithium reagent at
=35 °C for 3 h in THF, afforded only 3,3-difluorinated 2-phenyl-
thio-1,4-enyne Sa, regioisomer of 3a, in 75% yield. When the
same reaction was performed at =60 °C for 3 h in THF, how-
ever, 1,1-difluorinated 2-phenylthio-1,4-enyne 3a was obtained
in 17% yield, along with 5a in 58% yield (Table 3).
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Table 2. Preparation of 1,1-difluorinated 2-phenylthio-1,4-enynes 3
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Table 4. Preparation of 3,3-difluorinated 2-phenylthio-1,4-enynes 5

HO SFBT o ocecli2equy) T\ HCTCECR R CHB pcoctipnzeqy T\ F2CTCCR
C=C o C=C C=C, o C=C,
W sen THF, -35°C, 3 h A < sp THF, -35°C, 3 h e
1 3 2 5
Compound R Yield” (%) Compound R Yield” (%)
3a CeHs 82 Sa CeHs 75
3b p-FC6H4 80 5b p-FC6H4 70
3¢ p-ClC6H4 71 Sc p-ClC(,H4 67
3d p-CH3C6H,4 78 5d p-CH;0C¢H4 61
3e p-CH;0CsH,4 70 3g m-CH3CeH, 67
3f m-FCeHa 75 Se 0-CH3CsHa 45
3g m-CH;CsH, 69 5f CH3(CH>)s 73
3h 0-CH;CeH, 50 Sg CH3(CHa) 71
3i 3,5-(CF3),CeHas 15 Sh (CH3)sSi 61
3j CH3(CHa)s 94 5i (i-C3H7)3Si 64
3k CH;(CH,)s 82 “Isolated yield.
31 CH;(CHa)s 84
3m CH3(CH2)7 86 tered, and concentrated under reduced pressure. Purification by
3n (CH3)3SI , 80 silica gel column chromatography (n-Hexane) provided 0.235 g
3o (i-C3Hy)sSi 85 of 30 in 85% yield. 30: oil: 'H NMR (400 MHz, CDCl3) § 7.39-
“Isolated yield. 7.37 (m, 2H), 7.33-7.28 (m, 2H), 7.26-7.22 (m, 1H), 3.19 (s, 2H),

Table 3. The reaction of 2 with phenylethynyllithium reagent under
the low temperature

R PHIBr o ool (1 2equy) P H2CTCECPh H FC—C=C-Ph
c=¢ = o= e
¢ s THE, T(C).3h ¢ SPh H SPh
2 3a 5a
t e Yield® (%)
en
Y 3a Sa
1 0 2
2 -25 0 60
3 =35 0 75
4 45 11 65
5 -60 17 58

“Isolated yield. “Messy reaction mixture was observed.

We prepared 3,3-difluorinated 2-phenylthio-1,4-enynes 5 in
45 - 75% yields from the reaction of 2 with alkyl-, aryl- and
silyl-substituted ethynyllithium reagents under the same reaction
condition (Table 4). Generally, fluorine atom attached to vinyl
carbon activates the vinyl carbon toward the nuclephiles due
to its high electronegativity effect.”

In conclusion, we have explored the preparation of gem-di-
fluorinated 2-phenylthio-1,4-enynes via alkynylation reactions
of gem-difluorinated 3-bromo-2-phenylthiopropene with alkyl-,
aryl- and silyl-substituted ethynyllithium reagents at low tem-
perature, in which reactions were proceeded via Sn2’ pathway.

A typical reaction procedure for the preparation of 30 is as
follows. A 15 mL two-neck round bottom flask equipped with
a magnetic stirrer bar, a septum and argon tee connected to an
argon source was charged with (triisopropylsilyl)acetylene
(0.165 g, 0.905 mmol) and 4 mL THF. After the mixture was
cooled to =35 °C, n-BuLi (2.0 M solution in hexane, 0.905 mmol)
was added and then stirred for 1 h. 3-Bromo-3,3-difluoro-2-
phenylthiopropene (0.200 g, 0.754 mmol) was added and then
stirred at =35 °C for 3 h. The reaction mixture was extracted
with diethyl ether (15 mL x 2), dried with anhydrous MgSOs,, fil-

1.09-1.02 (m, 21H); °C NMR (100 MHz, CDCl3) 5 156.8 (dd,
J=299,288 Hz), 133.6,129.3, 129.1, 127.7, 126.9, 124.2, 84.1
(dd, J=24, 19 Hz), 82.8, 20.8, 18.6, 11.2; '’F NMR (376 MHz,
CDCls, internal standard CFCl3) 6 -79.57 (d,J=20.3 Hz, 1F),
-80.42 (d, J = 20.3 Hz, 1F); MS, m/z (relative intensity) 366
(M+, 3); Anal. Calcd for C0H2sF2SSi: C, 65.53; H, 7.70. Found:
C, 65.25; H, 7.63.

Acknowledgments. This work was supported by a grant
from the Korea Sanhak Foundation (2010-68).

References

1. (a) Mikaelin, G. S.; Gybin, A. S.; Smit, W. A.; Caple, R. Tetrahedron
Lett. 1985, 26, 1269. (b) Zweifel, G.; Rajagopalan, S. J. Am. Chem.
Soc. 1985, 107, 700. (c) Gabriele, B.; Salerno, G.; Lauria, E. J. Org.
Chem. 1999, 64, 7687. (d) Gabriele, B.; Salerno, G.; Fazio, A. Org.
Lett. 2000, 2,351. (e) Gabriele, B.; Salerno, G.; Fazio, A. J. Org.
Chem. 2003, 68, 7853.

2. (a) Normant, J. F.; Commercon, A.; Villieras, J. Tetrahedron Lett.
1975, 16, 1465. (b) Negishi, E.; Qian, M.; Zeng, F.; Anastasia, L.;
Babinski, D. Org. Lett. 2003, 5, 1597. (¢) Shi, J.; Zeng, X.; Negishi,
E. Org. Lett. 2003, 5, 1825.

3. (a) Calo, V.; Lopez, L.; Marchese, G.; Pesce, G. Tetrahedron Lett.
1979, 40, 3873. (b) Jeffery, T. Tetrahedron Lett. 1989, 30, 2225.
(¢) Grushin, V. V.; Alper, H. J. Org. Chem. 1992, 57,2188. (d) Cui,
D. M.; Hashimoto, N.; Ikeda, S. I.; Sato, Y. J. Org. Chem. 1995,
60, 5752. (e) Yoshikawa, E.; Kasahara, M.; Asao, N.; Yamamoto,
Y. Tetrahedron Lett. 2000, 41, 4499. (f) Kabalka, G. W.; Wu, Z.; Ju,
Y. Org. Lett. 2004, 6,3929. (g) Bieber, L. W.; da Silva, M. F. Tetra-
hedron Lett. 2007, 48, 7088.

4. (a) Moleau, P.; Naji, N. J. Fluorine Chem. 1985, 30, 315. (b) Okada,
Y.; Kuroboshi, M.; Ishihara, T. J. Fluorine Chem. 1988, 41,435.
(c) Pirrung, M. C.; Rowley, E. G.; Holmes. C. P. J. Org. Chem.
1993, 58, 5683. (d) Tellier, F.; Sauvetre, R. J. Fluorine Chem. 1996,
76,79. (e) Balnaves, A. S.; Gelbrich, T.; Hursthouse, M. B.; Light,
M. E.; Palmer, M. J.; Percy, J. M. J. Chem. Soc. Perkin Trans 1
1999, 2525. (f) Park, H. M.; Uegaki, T.; Konno, T.; Ishihara, T.;
Yamanaka, H. Tetrahedron Lett. 1999, 40, 2985.

5. Jeong, I. H.; Kim, M. S.; Kim, B. T. Synth. Commun. 1999, 29,
235.

6. Trost, B. M.; Lavoie, A. C. J. Am. Chem. Soc. 1983, 105, 5075.

7. Ichikawa, J.; Wada, Y.; Fujiwara, M.; Sakoda, K. Synthesis 2002,
1917.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


