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REACTIONS OF R,l(Ph)OS0,CF3 WITH ALKENES AND ALKADIENES 
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A successful cationic perfluoroalkylation of alkenes and alkadienes with 
R I(Ph)OS02CF3 was described. 
ef;amined. 

The reactivity of RfI(Ph)OS03H was also 

There have been many investigations on the reactions of free-radical 

perfluoroalkyl species (Rf*) with alkenes. 
1) 

Anionic perfluoroalkylation of 

perfluoroalkenes has been observed in the oligomerization of tetrafluoroethyl- 

ene or hexafluoropropene by the action of a fluoride anion. 2) On the other 

hand, no cationic perfluoroalkylation of alkenes has been reported. We now 

wish to report the cationic perfluoroalkylation of alkenes and alkadienes with 

perfluoroalkylphenyliodonium trifluoromethanesulfonates (FITS), RfI(Ph)OS02CF3. 

Our previous studies have shown that FITS can act upon carbanions, arenes, and 

thiols as cationic perfluoroalkylating agents. 3) 

First, styrene was heated under reflux with FITS in methylene chloride for 

0.5 h in the presence of an equivalent amount of pyridine as a base to give 

trans-4-(perfluoroalkyl)styrene in a good yield and iodobenzene was liberated 

in a quantitative yield (Scheme 1). It is preferable to use the base in order 

Scheme 1. 

CH2=CHPh + RfI(Ph)OS02CF3 

FITS-m') 

Pyridine Rf\ 
CH=CH, t Phi 

reflux, 0.5 h Ph 1 ,TTT “7 
lLn bn2b12 m=8 73 F Quant. 

to neutralize trifluoromethanesufonic acid released from FITS. The reactions 

with a series of alkenes and alkadienes were carried out under the same con- 

ditions. The results are shown in Table 1. Alkenes and alkadienes possessing 

allylic hydrogen atoms afforded the (perfluoroalkyl)alkenes and -alkadienes 

with the rearrangement of double bonds as main products except for propene 

which gave the adduct as a major component. Perfluoroalkylphenyliodonium 

sulfates (FIS-m), RfI(Ph)OS03H (Rf=n-CmFZm+,), 3) reacted with styrene at elevat- 

ed temperature (reflux in CHC13) to give the same product in a LO % yield. 

Interestingly, the introduction of ethylene or butadiene gas into a so- 

lution of FITS and pyridine in methylene chloride at room temperature led to 

the ready formation of the pyridinium salts (Schme 2). Accordingly the exam- 

inati.on for the addition reaction with other nucleophiles showed the easy for- 

mation of the addition products with nucleophiles such as water, formic acid, 
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Table 1. Reactions of FITS-m with alkenes and alkadienes 

Run Alkene or Alkadiene FITS-m Product a) Yield(%)b) 

1 CH2=CH-n-C5H1, m=7 RfCH2CH=CHC4H9C) 71 

2 CH2=CHCH3 8 RfCH2CH(CH3)OS02CF3 (54) 

RfCH=CHCH3 (20) 

RfCH2CH=CH2 (7) 

3 CH2=C(CH3)Ph 8 RfCH=C(CH3)Ph (8) 

RfCH2C(=CH2)Ph (42) 

4 cyclopentene 8 3-Rf-cyclopentene 46 

5 CH2=CHCH=CHCH3 8 RfCH=CHCH=CHCH3 (7) 

RfCH2CH=CHCH=CH2 (45) 

6 1,3-cyclooctadiene 2 5-Rf-1,3-cyclooctadiene 25(37) 

a) Spectral data of all products are in good agreement with assigned 
structures. b) Isolated yields. Values in parentheses are GLC yields. 
c) A mixture of stereoisomers (3 : 1 = trans : cis). 

acetic acid, methanol, and sodium halides. FIS were also found to undergo the 

same reaction. Tabie 2 summerizes the results. 

Scheme 2. 

CH2+ CH-CH+H2 t FITS-m 
Pyridine 

at rt, 1 h 
m RfCH2ACH=CH+CH2-A,-, 

3 

in CH2C12 m=8. k=O 91 $ 
&02CF3 

m=8. k=l 81 % 

Table 2. Reactions of FITS-m or FIS-m with alkenes and alkadienes 

in the presence of nucleophiles 

Run 
Alkene or FITS-m 
Alkadiene or FIS-m 

Nucleophile Base Product") Yield(%)b) 

1 CH2=CH2 FITS-8 

2 11 II 

3 11 FIS-8 

4 CH2=CHPh FITS-2 

5 CH2=CHCH3 FITS-8 

6 II II 

7 CH2=CHCH=CH2 U 

8 II FIS-8 

9 11 FITS-8 

10 11 FIS-8 

CH30H 

H2O 
HCOOH 

NaCl 

CH30H 

H20 
II 

II 

CH3COONa 

HCOOH 

Na2C03 

I, 

NaHC03 

PY 

NaHC03 
II 

NaHC03 

RfCH2CH20CH3 

RfCH2CH20H 

RfCH2CH20CH0 

RfCH2CHC1Ph 

RfCY2CH(OCH3)CH3 

RfCH2CH(OH)CH3 

RfCH2CH=CHCH20H 

II 

RfCH2CH=CHCH20COCH3 

RfCH2CH=CHCH20CH0 

27(5C) 

38(42) 

(26) 

(25) 

28(33) 

32(43) 

47 

59 

30 

79(100) 

a) b) See below Table 1. 

Surprisingly, when the reactions of FITS or FIS with alkenes and alkadi- 

enes were run in a moist amide solvent such as dimethylformamide (DMF), di- 

methylacetamide (DMAC), and formamide (FA), the following formates and acetate 

could be isolated (Table 3). 

On the other hand, alkenes with nucleophilic functional groups such as hy- 

droxy and carboxy in the same molecules gave the intramolecular addition 

products in good yields under the similar conditions as shown in Scheme 3. It 
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Table 3. Reactions of FITS-m or FIS-m with alkenes and alkadienes 

in moist amide solutions 

Run 
Alkene or FITS-m 
Alkadiene or FIS-III 

Amide/H20 Product Yield (%) 

1 CH2=CH2 FITS-8 DMF RfCH2CH20CHO 73 

2 II FIS-8 11 11 46(73) 

3 II FITS-8 DMAC RfCH2CH20COCH3 50($4) 

4 II II FA RfCH2CH2OCHO 26(38) 

5 CH2=CHPh FIS-3 DMF RfCH2CH(Ph)OCH0 56 
6 CH2=CHCH=GH2 FITS-8 11 

RfCH2CH=CHCH20CH0 92 

7 II FIS-8 11 II 56 

8 CH2=CHCH=CHCH3 FITS-8 11 RfCH2CH=CHCH(CH3)OCH0 47 

a) b) See below Table 1. 

is interesting that ally1 alcohol or its derivatives afforded the carbonyl com- 

pounds or the ketal along with the intramolecular adducts. The ratios of the 

products vary with the polarity of solvents used. 

Scheme 3. FITS-8/Py 
0 

CH2=CHCH2CH2COOH > RfCH2CH 

;;;",, % 

(Py=Pyridine) 
rt, 1 h 
in CH2C12 

/O 
CH2=CHCH20CH2CH20H FITS-8/Py 

1 

/O 

rt, 1 h 
> RfCH2CH 

lo + 

RfCH2CH2X0 
1 

in CH2C12 62 % (1 : 3) 

FITS-8/Py 0 
CH2=CHCHROH 

rt, 1 h 
> RfCH2&CHR t RfCH2CH2COR 

R-H. in CH2C12 84 % (1 : 2.3) 

R=H, in CH3CN 84 % (1 : 5) 

R=H, in DMF 77 % (1 : 35) 

R=CH3, in CH2C12 81 % (1 : 1) 

CH2=CHC(CH3)20H 
FITS-~/PSI 

rt. 1 h 
-- R,CH,&CH3)2 

in CH2C12 77 I 

Scheme 4 is proposed as a reaction mechanism. In the reaction of FITS 

with propene, the adduct (triflate) could he isolated. Although the triflate 

is thought to be an intermediate for the other products, the idea can be ex- 

cluded because the triflate do not react appreciably with pyridine or methanol 

under the similar conditions. These facts are in favor of the mechanism con- 

taining a cationic intermediate as seen in the scheme. The cationic intermedi- 

ate is probably formed through the four-ring transition state (the six-ring 

transition state in the case of alkadienes) from the n-complex of FITS with 

alkenes. 
*tI(Ph)-OTf Rf->(Ph)-OTf 

The transition state might con- 

'2 r 
sist of the one-electron transfer mecha- 

'_R ? 
‘R 

nism A or the two-electron transfer mecha- 

nism B, or both. 
A 

At the present stage, it 
B 

is not clear which mechanism is predomi- 
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Scheme 4. 

6t 6- 
Rf-;---OTf 

t 
RfCH2CH=CHR1 t RfCH=CHCH2R1 RfCH2cH2N, / 3- 

OTf 

T-Complex Transition state 

nant. The formation of the carbonyl compounds and the ketal from ally1 alcohol 

and its derivatives can be explained by a hydride shift from the cationic in- 

termediate. The fact that the proportion of the carbonyl compounds increases 

with the polarity of solvents is in support of the hydride shift mechanism. 

To our knowledge, FITS are the first to make ‘it possible to undergo the 

successful cationic perfluoroalkylation of alkenes and alkadienes. In this 

way, under the mild conditions FITS can easily afford the compounds, the 

preparation of which is difficult or requires multiple steps in the convention- 

al methods. Since the perfluoroalkyl group has unique properties 5) - high elec- 

tronegativity, stability, lipophilicity, and inter-facial activity, it is also 

expected that FITS serve as useful reagents for the preparation of a wide range 

of interesting perfluoroalkyl compounds among organic chemists. 
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