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1,3-Butadienes  are valuable synthetic intermediates for the 
formation of ring and multifunctionalized systems in organic 
synthesis.1 Especially, 1,1-difluoro-1,3-butadienes are useful 
building blocks for the synthesis of gem-difluoro or mono­
fluoro substituted compounds.2-5 Introduction of phenylthio 
group to 1,1-difluoro-1,3-butadienes could provide a more 
wide range of utilization because of the transformation of 
phenylthio functionality. Although there has been several 
reports on the preparation of 1,1-difluoro-1,3-butadienes, to 
the best of our knowledge, however, there has been no report 
on the preparation of phenylthio substituted 1,1-difluoro-
1.3- butadienes. Huang et al. reported on the synthesis of 1,1- 
difluoro-2-siloxy-1,3-butadiene from the reaction of trifluo­
roacetyltriphenylsilane with vinylmagnesium bromide.6 Di­
fluorinated Danishefsky's diene was also prepared from 
Mg(0)-promoted selective C-F bond cleavage of trifluoro­
methyl enone.5 Double dehydrobromination of 1,3-dibromo- 
1,1-difluorinated compounds with DBU afforded 1,1-difluoro-
1.3- butadienes.7 Wittig reaction of 3,3-difluoroallyltriphenyl- 
phosphonium bromide with aldehydes also gave 1,1- 
difluoro-1,3-butadienes.8 Ichikawa et al. prepared 1,1- 
difluoro-1,3-butadienes from the reaction of 2,2-difluoro- 
vinylboranes with 1-alkenyl halides in the presence of 
copper(I) iodide and a palladium catalyst.9 Palladium- 
catalyzed cross-coupling reactions of 1,1-difluorohomo- 
allenyl bromide with aryl iodides, aryl boronic acids and 
terminal alkynes provided the corresponding 1,1-difluoro-
1.3- butadienes.10 1,1-Difluoro-4,4-bis(dimethylamino)-1,3- 
butadienes were also synthesized from the treatment of 1,1- 
difluoro-4,4-bis(dimethylamino)ethane with ethyl propio- 
late.11 Recently, Burton et al. reported that 1,1-difluoro-1,3- 
butadienes were prepared from the coupling reactions of a- 
bromo-”伊difluorostyrenes with vinylboronic acid in the 
presence of Pd catalyst.12 Herein, we wish to report the first 
preparation of 2-substituted 1,1-difluoro-3-phenylthio-1,3- 
butadienes via indium-mediated 1,4-debromofluorination 
reaction of 3-phenylthio substituted 1-bromo-4,4,4-trifluoro- 
2-butenes.

Recently, we reported that 1-bromo-4,4,4-trifluoro-3- 
phenyl-2-phenylthio-2-butene (3a) were prepared in two 
steps from 3,3-bis(phenylthio)-1,1,1,2,2-pentafluorobutane 
(1).13 We examined the 1,4-debromofluorination reaction of 
3 with metals, such as Zn, Zn(Cu), Mg and In, to give the 
corresponding 2-substituted 1,1-difluoro-3-phenylthio-1,3- 
butadienes 4. When 3a was treated with Zn in refluxing THF 
for 4 hours, only reduced product 2a was obtained in 39% 

GC yield. The same reaction was performed with Zn(Cu) in 
refluxing THF for 3 hours to give the desired product 4a in 
35% GC yield along with 2a in 13% GC yield. Mg-mediated 
debromofluorinaton reaction in refluxing THF for 18 hours 
afforded 4a and 2a in 41% and 20% GC yields, respectively. 
Treatment of 3a with In in refluxing THF for 4 hours 
resulted in the formation of 4a14 in 79% GC yield and only 
trace amount of 2a was observed. The use of other solvents 
such as ether, CH3CN, DME, diglyme and triglyme did not 
provide the better results. The results of these reactions are 
summarized in Table 1.

The 1,4-debromofluorination reactions of various 3-aryl 
substituted 1-bromo-4,4,4-trifluoro-2-phenylthio-2-butenes 
3b-i with In in refluxing THF under the optimized condition 
afforded the corresponding 2-aryl-1,1-difluoro-3-phenyl- 
thio-1,3-butadienes 4b-4i in 60-83% yields. 3-Alkyl sub­
stituted 1-bromo-4,4,4-trifluoro-2-phenylthio-2-butenes 3j 
and 3k also provided the corresponding 2-alkyl-1,1-di- 
fluoro-3-phenylthio-1,3-butadienes 4j and 4k in 40% and 
63% yields, respectively. A trace amount of reduced pro­
ducts 2 were observed in these reactions. These reactions 
were summarized in Table 2.

2,3-Bis(phenylthio)-1,1-difluoro-  1,3-butadiene (9) was 
also prepared in four steps from 5. Since 5 was not reacted at 
all with sodium benzenethiolate even under refluxing condi­
tion, 5 was oxidized to give a reactive vinyl sulfone 615

Table 1. 1,4-Debromofluorination reactions of 2-phenylthio sub­
stituted 1-bromo-4,4,4-trifluoro-2-butenes 3a with metals

Yield (%)a
4a 2a

entry M Solvent t

1 Zn THF 4 0
2 Zn(Cu) THF 3 35
3 Mg THF 18 41
4 In THF 4 79
5 In ether 1 0
6 In CH3CN 1 37
7 In DME 4 16
8 In diglyme 2 26
9 In triglyme 1 58

aGC yield.
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Scheme 1

Table 2. Preparation of 2-aryl (or alkyl)-1,1-difluoro-3-phenylthio-
1,3-butadienes 4

cf3 R H
RAyCH2Br - In (1.5 equiv)

THF, refl니x, t h

、丿八

SPh F SPh
3 4

“Isolated yield.

Compound R t Yield (%)a
4a C6H5 4 70
4b 〃-MeOC6H4 2 73
4c p-MeC6H4 2.5 83
4d P-FC6H4 2 74
4e p-ClC6H4 4 68
4f p-BrCsH^ 2 79
4g m-CF3C6H4 2 60
4h m-CF3C6H4 2.5 79
4i m-BrC6H4 2 74
4j CH3 3.5 40
4k n-C4H 3.5 63

which was treated with sodium benzenethiolate (4 equiv) in 
THF at room temperature for 2 hours to give an isomeric 
mixture (E/Z = 35/65) of 2,3-bis(phenylthio)-1,1,1 -trifluoro- 
2-butene (7) in 92% yield. After optimization of reaction 
condition for the allylic bromination of 7, an isomeric 
mixture (E/Z = 36/64) of 2,3-bis(phenylthio)-1-bromo-4,4,4- 
trifluoro-2-butene (8) was obtained in 73% yield from the 
reaction of 7 with NBS (3.0 equiv) and AIBN (10 mol%) in 
refluxing CH3CN for 6 hours. Treatment of 8 with In (1.5 
equiv) in refluxing THF for 4 hours resulted in the formation 
of 916 in 83% yield (Scheme 1). The 2-substituted 1,1- 
difluoro-3-phenylthio-1,3-butadienes 4 and 9 were found to 
be sensitive under light and thus underwent polymerization 
after purification. Therefore, these dienes have to be stored 
in ether at 0 oC for further reactions.

In conclusion, 1,4-debromofluorination reactions of 2- 
phenylthio substituted 1-bromo-4,4,4-trifluoro-2-butenes 3 
and 8 to give the corresponding 2-substituted 1,1-difluoro-3- 
phenylthio-1,3-butadienes 4 and 9 were established with 
Indium in refluxing THF for 2-4 hours.
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