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determining step, and, therefore, the TS III mechanism is 
ruled out.

Korzhova et al. found no correlationship between the reac­
tivities of amines and their basicities for the reaction of acti­
vated acetylenes with various aliphatic secondary amines.63 
Instead, the steric factors of amines were found to determine 
the reactivity. Therefore, the steric hindrance has been sug­
gested to be important in the present type of reactions. This 
is consistent with the preliminary results in this study, ie. 
sterically less hindered bases such as NH3t RNH2 and HO- 
attack only the carbonyl carbon of 1 while the secondary 
amines attack only the sterically less hindered acetylenic 
carbon of 1. Generally, large steric effect has been observed 
when the degree of bond formation at the transition state 
has advanced significantly.10 Thus, the reaction, in which 
steric hindrance plays an important role like the present 
system, would proceed without significant bond formation 
at the rate-determining step in order to avoid steric hindra­
nce. This would explain the small &就 value obtained in this 
system. Therefore, it is proposed that the addition of secon­
dary amines to 1 proceeds via a stepwise mechanism with 
a transition state similar to TS IL The absences of primary­
isotope effect and general acid/base catalysis are clearly con­
sistent with this proposed mechanism.
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'Recently, considerable effort has been paid to the develop­
ment of fluorine-containing synthetic building blocks2,3 be­
cause of their potential to give new synthetic routes to a 
variety of fluoroorganic compounds, some of which exhibit 
unique biololgical properties in the areas of agrochemicals 
and pharmaceuticals.4,5 Of particular interests in this conjunc­
tion are fluorinated vinyl sulfides which are possible syn- 
thons of vinyl fluorides and a-fluorinated ketones.67 Although 
the synthesis and transformations of nonfluorinated vinyl sul­
fides have been well established,8 there are only limited re­
ports on the synthesis of fluorinated vinyl sulfides and most 
of these methods9-11 refer to the synthesis of vinyl sulfides 
which do not contain an alkyl or aryl substituent at olefin 
carbon atoms. On the other hand, a couple of examples12,13 
has been reported on the preparation of alkyl or aryl substi­
tuted vinyl sulfides, but these methods lack generality or 
efficiency.

As part of our continuing studies on the chemistry and 
utilities of perfluoroalkylated dithioketals I,14,15 we have found 
that la and lb were smoothly reacted with organolithium 
compounds, such as alkyllithium, phenyllithium, vinyllithium 
and lithium alkyl or aryl acetylide, to afford afp-disubstituted 
p-fluorovinyl and p-trifluoromethylvinyl sulfides 3 and 4, but 
reaction of 1c with n-BuLi at — 78M resulted in the forma­
tion of P，P-difluorovinyl sulfide 2. From the isolation of alkyl, 
aryl, vinyl, and acetyl phenyl sulfides in quantitative yield, 
reaction pathway seems likely that the initial reactions of 
1 with organolithium compounds via attack of sulfur atom 
by nucleophiles provide carbanion bearing perfluoroalkyl 
group, which quickly undergo P-defluorination9 to give P，P- 
perfluorinated vinyl sulfides 2. The intermediate 2 is 옹。 

reactive that they quickly undergo addition-elimination reac-
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tion16 with organolithium compounds presented in solution 
as soon as they were formed. In this communication, we 
wish to describe a general prepararion of P-fluorovinyl and

Initially, we attempted to isolate ptp-difluorovinyl and 3- 
fluoro-p-trifluoromethylvinyl sulfides 2a and 2b from the 
reactions of la and lb with 1 eq. w-BuLi at — 78t：, followed 
by slow warming to ambient temperature, because 크a and 
고b can be widely utilized in addition-elimination reaction 
with various types of nucleophiles. However, (E) and (Z) iso­
meric mixtrues of 3d and 4d were obtained at the employed 
reaction condition and almost half of starting material was 
recovered in each case. Performance of these reactions at 
_ 78t? for 1 hour, followed by quenching with ether solution 
saturated with HC1, also resulted in the formation of 3d and 
4d. This result implies that compounds 2a and 2b are so 
reactive that they quickly undergo addition-elimination reac­
tion with w-BuLi as soon as they were formed. Therefore, 
the use of 2 eq. w-BuLi in these reactions is necessary not 
only to complete the reaction, but also to provide 3d and 
4d in high yields. Similarly, reactions of 1 鼻 and lb with 
bulky alkyllithiums also provided the corresponding p-fluo- 
rovinyl sulfides 3et 3f, and 4e in moderate to high yields 
except for the reaction of lb with t-BuLi in which no reaction 
occurred. Reactions of la and lb with vinyllithium, which 
is generated from the reaction of vinyltin and w-BuLi,17 also 
afforded the corresponding (E) and (Z) isomeric mixture of 
vinyl sulfides 3h and 4h in moderate yields. When la and 
lb were reacted with phenyllithium at — 78t t followed by 
slow warming to ambient temperature, corresponding (E) and 
(Z) isomeric mixture of vinyl sulfides 3g and 4g were ob­
tained in excellent yields. Interestingly, product 3g was fur­
ther reacted with phenyllithium at room temperature to give 
triphenyl substituted vinyl sulfide 6, which i옹 very important 
framework in the synthesis of mammary tumor inhibitor,18 
in 72% yield. This further reaction opened a nice route to 
triphenyl substituted vinyl sulfide 6 directly from the reac-

Table 1. Preparation of a-Phenyl p-Substituted P-Fluorovinyl 
and p-TrifluoromethyIviny 1 Sulfides 3
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1 Isolated yield. 'All products are (E) and (Z) isomeric mixtures.
All products were isolated by column chromatography or MPLC.

dRatio was determined by 】H-NMR and 19F-NMR spectrum. eNo 
reaction.

Since the reaction of la and lb with lithium alkyl or aryl 
acetylide is much more sluggish than that with other lithium 
compounds, the higher reaction temperature is required. 
Therefore, treatment of la and lb with lithium hexyl and 
phenyl acetylide at Ot, followed by warming to ambient tem­
perature, gave the corresponding (E) and (Z) isomeric mix­
ture of vinyl sulfides 3i, 3j, 4i, and 4j in excellent yields. 
This reaction provides very nice method for the preparation 
of fluorinated and trifluoromethylated enynes which would 
be useful as building blocks to fluorinated multifunctional 
molecules.19-21 All products are (E) and (Z) isomeric mixtu­
res which can be observed by and 19F-NMR. Assignment 
of isomers for products was based on chemical shifts for 
vinyl fluorine in 19F-NMR and 지lylic protons in 】H・NMR. 
Generally, vinyl fluorine of (E) isomer comes at a higher 
value of chemical shift than that of (Z) isomer.10 Allylic pro­
tons which are arranged to the same side of phenylthio 
group (E-isomer) are more deshielded than those of Z-iso- 
mer.13 The results of reactions of la and lb with organoli- 
thium compounds were summarized in Table 1.

In contrast, reaction of 1c with 1 eq. w-BuLi at — 78t 
for 1 hour, followed by quenching with ether solution sat­
urated with HC1, afforded p,P-difluorovinyl sulfide 2c in 85% 
yield. This result indicates that a-methyl substituted p,p-di- 
fluorovinyl sulfide 2c is not further reacted with «-BuLi at 
the employed reaction condition. Similar result has been re­
ported in the previous literature,10 in which a-pentyl-p,p-dif- 
luorovinyl sulfide was prepared from the reaction of a-tri- 
fluoromethylvinyl sulfide with w-BuLi at — 70t. Treatment 

M-C4H9 -78-^15 71 82/18
S-C4H9 -78^15 89 58/42
▲C4H9 — 78t15 79 52/48
c6h5 — 78t15 94 79/21

h2c=ch -78^15 51 80/20
CeHnC— C 0—15 93 86/14
c6h5c=c 0—15 96 80/20

11-C4H9 -78—15 80 87/13
S-C4H9 — 78—15 62 82/18
t-C4H9 — 78—15 NR —
c6h5 — 78t15 87 83/17

HQ CH -78->15 48 85/15
c6h13c=c 0-*15 89 90/10
c6h5c= c 0-^15 92 90/10
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Table 2. Preparation of a-Methyl 伊Substituted P-Fluorovinyl 
Sulfides 5

Product R1 T (t) Yield (%挡『 Z/Ed

fl Isolated yield. 6 All products are (E) and (Z) isomeric mixtures. 
eAll products were isolated by column chromatography. d Ratio 
was determined by HNMR and l9F-NMR spectrum. eNo reac­
tion.

of 2c with alkyllithium, vinyllithium, phenyllithium, and li­
thium alkyl or aryl acetylide at — 78t, followed by slow 
wanning to ambient temperature, resulted in the formation 
of corresponding vinyl sulfides 5 in moderate to high yields. 
However, reaction of 2c with t-BuLi did not occur even at 
room temperature. The results of these reactions are sum­
marized in Table 2. In particular, compound 2c can be utili­
zed in the addition-elimination reaction16 with various types 
of nitrogen and oxygen nucleophiles which cna not be 
reacted with compound 1c. Although reactions of 1c with 
organolithium compounds except for lithium phenyl acetylide 
and t-BuLi provided the corresponding vinyl sulfides 5, the 
use of intermediate 2 in these reactions resulted in the clean 
formation and easy isolation of 5.

In a typical procedure, a 250 mZ two-neck flask equipped 
with a septum, a magnetic stir bar and a nitrogen tee con­
nected to a source of argon, was charged with l,l-bis(phenyl- 
thio)-2,2,2-trifluoroethylbenzene (3.76 g, 10.0 mmol) and 50 
ml dry THF. The reaction mixture was cooled to — 78t 
by using dry-ice/isopropanol slush and phenyllitium (1.8 M 
solution, 11.2 ml, 20.2 mmol) was added dropwise at — 78t?, 
followed by slow warming to ambient temperature. The reac­
tion mixture was quenched with water (50 m/) and extracted 
with ether (50 m/X2). After the ether layer was dried with 
anhydrous MgSQ, column chromatography (hexane) provid­
ed 2.87 g (94% yield) of l,2-diphenyl-2-fluorovinyl phenyl 
sulfide 3g: m.p. 53t;】H・NMR (CDC13) 8 7.83-7.50 (m, 5H), 
7.41-7.07 (m, 10H); 19F-NMR (CCU external standard CF3 
COOH) 8 一 6.67 (s, IF), -10.57 (s, IF); IR (KBr) 3050 (w), 
1616 (m, C=C), 1577 (m, aromatic C=C), 1473 (m, aromatic 
C = C), 1438 (m, aromatic C = C), 1215 (m, C-F), 1064 (m), 
1022 (m), 929 (m), 736 (s, =C・H OOP), 690 (s, =C・H OOP) 
cm-1; MS, m/e (relative intensity) 306 (M*, 100), 196 (43), 
185 (25), 121 (32).
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5d
5e
5f5
5b
5ii긔

M-C4H9 — 78—15 83 60/40
S-C4H9 一 78—15 60 64/36
Hg -78—15 NRe —
c6h5 -78->15 80 66/34

h2c=ch -78->15 53 63/37
c6h13c^ c 0->15 81 67/33
C6H5C 드 c dl5 80 68/32
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