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PERFLUOROALKYLATION OF ALBKYNES WITH RfI(Ph)OS02CFs 

Teruo UMEMOTO,* Yuriko KURIU. and Osamu MIYANO 

Sagami Chemical Research Center 

Nishi-Ohnuma 4-4-l. Sagamihara. Kansgawa 229, Japan 

Perfluoroalkylation of alkynes with RfI(Ph)OS02CFa is described. This 
offers t.he first example of electrophilic perfluoroalkylation of alkynes. 

Many reports appeared on the reactions of alkynes with perfluoroalkyl free 

radical species thermo- or photochemically generated from iodoperfluoroalkanes or 

perfluoroalkylcoppers, hut none of ionic perfluoroalkylations of alkynes has been 

reported. 
la-d) 

In the previous paper, 2) we have described the successful elec- 

trophilic perfluoroalkylation of alkenes and alkadienes with (perfluoroalkyl)- 

phenyliodonium trifluoromethanesulfonates (FITS-m). RfI(Ph)OS02CF3(Rf=n-CmF2m+l). 

We now wish to report on the electrophilic perfluoroalkylation of alkynes with 

FITS. 

Phenylacetylene reacted with FITS in methylene chloride in the presence of a 

base t.o afford displacement product (I). adduct (21, and ketone (3) in 47%. 362, 

and 4% yields, respectively. and iodohenzene as another product in a quantitative 

yield (Run 1 in Table 1). These products suggested strongly the presence of a 

cationic species as a reaction intermediate. We carried out the reaction in sev- 

eral conditions and showed the results in Table 1. Polar solvents such as di- 

methylformamide and methanol afforded (I) exclusively, while formic acid gave 

selectively (3) in a high yield. As (2) could not he converted to (3) under such 

reaction conditions, (2) is not an intermediate for (3). When FITS reacted phen- 

ylacetylene in formic acid in the presence of pyridine. vinyl formate (4) could 

FITS-2 + HC'CPh -Base - RfC'CPh + RfCH=C(Ph)OSO,CF;a) + RfCH*COPh 
Ih 

(1) (2) (3) 

Table 1. Reaction of FTTS-2 with phenylacetylene 

Run Rasr Snlv. Temp.('C) (I)(%) (2)(%) (3)(%) 

1 Pyridine(leq) CH2C.l* Reflux 47. 36 4 

2 No base II II 15 31 0 

3 ,I DMF 50 45 0 0 

4 11 CH30H 50 100 0 0 

5 11 HCOOH 50 4 0 86 
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FITS-Z t HCECPh 
Base 

, RfCH=C(OCH")Ph3') _, RfCHzCOPh 
rt in HCOOH (L) Isolated. (3) 

be isolated, which was slowly hydrolysed to (3) under the conditions. It was 

strange that adduct (5) was not formed by the reaction in methanol. Probably 

the solvent effect is a dominant factor. In fact, the reaction was carried out 

in acetonitrile in the presence of methanol to yield (5) along with (1) and (2). 

FITS-2 t HC-CPh CH30H/Pyridine 

50°C, 2h in CH3CN 
r RfCH=C(OCH3)Ph3a) t (1) t (2) 

(5) a% 36% a% 

The reaction of FITS-m with 1-octyne was examined as shown in Table 2. It 

is interesting that (perfluoroalkyl)alkene (7) was obtained besides displacement 

product (6). While phenylacetylene gave the alkyne (1) as a sole product with 

polar solvents such as DMF or methanol, I-octyne afforded the alkene (7) as a 

sole or a main one. The adduct could not be isolated even in the use of formic 

acid as a solvent. 

FITS-m + HC-CR (R=n-CsH13) Base 
> RfC'ICR t RfCH=CHR3') 

(6) (7) 

Table 2. Reaction of FITS-m with I-octyne 

Run FITS-m Base Solv. Temp.('C) Time(h) (6)(s) (7)(%) 

1 m=8 Pyridine CHlCll Reflux 2 10 21 

2 a No base CHzC12 1, 2 16 27 

3 a II DMF 80 2 0 L1 

L a 11 CHsOH 60 5 2 28 

5 2 11 HCCOH 60 3 28 28 
- 

4-Octyne produced (perfluoroalkyl)alkene (8). 

FITS-6 t RCECR Pyridine, rt 
r RfRC=CHR3C) (R-n-C3H7) 

overnight in CHIClz 
(a) LL$ 

Since both ir spectra of (7) and (8) isolated by means of column-chromato- 

graphy on silica gel showed a weak absorption band at 1980 cm -1 characteristic of 

allenes besides 1680 cm -I (vc=c), (7) and (8) are probably contaminated with a 

small amount of each corresponding allene. Attempts to isolate the allenes were 

unsuccessful. 

The reactions with propargyl alcohol and its derivatives presented interest- 

ing results (Table 3 and 4). (Perfluoroalkyl)acrolein (Ila) or vinyl ketone 

(13b) was formed besides (lla,b) and (12a,h). The ratios varied with the polari- 

ty of solvents. The use of DMSO as a high polar solvent led to a decrease of 

(11) and an increase of (13). On the other hand. 3-hydroxy-3-methyl-I-hutyne. 
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FITS-8 + HC-CCHROH 
Pyridine , RfC-CCHROH + RfCH=CHCHROH3d) t RfCH=CHCOR3e) 

(10a.b) (Ila,b) (12a.b) (13a,b) 

Table 3. Reaction of FITS-8 with propargyl alcohol and its derivative 

Run (lOa!h) Solv. Temp.('C) Time(h) (Ila!b)($) (12a!b)(%) (13a!b)(%) 

1 R-H CH2Clz 25 Overnight 42 13 7 

2 H DMF 25 ,l Trace 36 11 

3 H DMSO 25 1 II 11 25 

4 R-CH3 CHPCl? 40 2 38 13 0 

5 CH3 DWF 40 2 0 45 II 

6 CH3 DMSO 40 2 0 8 32 

FITS-8 + HC:CC(CH3)20H 
Pyridine 

- RfC:CC(CH3)20H + RfCH=CHC(CH&0H3e) 

(14) (15) 

Table 4. Reaction of FITS-8 with 3-hydroxy-3-methyl-I-butyne 

Run Solv. Temp.('C) Time(h) (14)(%) (15)(%) 

1 CH>Clz 25 2 34 11 

2 DMF 25 2 1 73 

3 DMSO 25 2 14 52 

where there is no a-proton, gave perfluoroalkylated alkyne (14) and alkene (15). 

It is in contrast to t,he fact that. the reaction of a perfluoroalkylcopper with 

the hydroxymethylbutyne yielded I-(perfluoroalkyl)-3-methyl-1,2-butadiene. Id) 

I-Butyn-4-01 also afforded perfluoroalkylated alkyne (16) and alkene (17). 

FITS-P. + HC?C(CH2)20!l 
Pyridine 

a RfC'C(CH,),OH + RfCH=CH(CH2)20H3f) 
4O'C. 2h 

(16) (17) 

in C'H2Clp 33% 42% 

in DMF 2% 64% 

The following mechanism was proposed to account for the above results. The 

formation of the displacement prodl1ct.s (1). (6), (11). (14). and (16) or the 

allenes, and the adducts or the ketones (2). (3). (4). and (5) can be explained 

by the elimination of prot.ons from t.he cationic intermediates. and the attack of 

SC~IIIP nucleophiles to them. respect.ively. Which path the reaction proceeds by is 

greatly dependent. on the effects of solvents. The formation of (13a.b) in the 

ca$e of propargyl alcohols resu1t.s from the hydride shift in the intermediates, 

giving more stable n-hgdroxyallyl cations. followed by the elimination of pro- 

tnns. .Tudqing from the fact t.hat the reaction of perfluoroalkyl radical species 

with alkynes gave perfluoroalkylnted alkenes only. Id) it is reasonable to con- 

sider that (perfluoroalkyl)alkenes (7). (8). (12). (15). and (17) are formed by 

the hydrngen ahstyaction of the radical intrrmediatns which are perhaps formed by 
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FITS (Tf=S0,CF3) RfR*C-CR' t (RfR2C=C=CR3R4) 

I 
/ 

(R'=CHR"RQ) 
R'C?CR' -H+ 

0 
Ph > 

RfR*C=CNuR' - RfR'CH:R' 

' "-+_t-OTf Rf-I -Phi 9 RfR2c=dR1 

? 

'N;;;Tf6,0~H0, (NU=~H,OCHO) 
3, 

R2C-CR' '\ 1 

(R'yPh) 

n-Complex 

\ 

t- 
-PhI* OTf 

H- Shift 

\ + 
RfR2CyCHCR5CH -Ht_ RfR'C=CH!R' 

\ 
\ (RI=CH~~OH) 
\ 

4 

RfR'CTCR' +H' 

(Solv.) 
t RfR*C-CHR' 

the electron exchange with the iodine atoms. However the abstraction of hydrides 

by the cationic intermediates as another route is not quite excluded. There is 

no formation of !3-(perfluoroalkyl)styrene in the case of phenylacetylene. indi- 

cating that the reaction is exclusively via the vinyl cation stabilized by the 

neiboring phenyl group. Since there is not such a neiborin,g stabilizing effect 

in the case of alkylacetylenes, the reaction is accompanied with the radical 

process to yield the (perfluoroalkyl)alkenes along with the displacement prod- 

ucts. In this way, the complexity of the reaction of FITS with alkynes compared 

to that with alkenes is due to the difficulty in the formation of the alkenyl 

cations relative to the alkyl cations. 

The electrophilic perfluoroalkylation using FITS-2 followed by dehydrofluo- 

rination easily afforded H-fluoro-B-trifluoromsthyl-c,g-unsaturated carbonyl com- 

pounds which are versatile intermediates 4) for the preparation of the compounds 

containing the biologically important trifluoromethyl groups. 5) So it is expect- 

ed that FITS serve as useful reagents for the preparation of various kinds of 

perfluoroalkylated compounds. 

RC-CH 
FITS-2 , RCOCH2C2F5 

(C2Hs)3N/Si02 

(R=Ph) 
in HCOOH in CHICll 

> R,&iFS 

0 
86% 75% 
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