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REACTIONS OF RfI(Ph)Osoch3 WITH ALKENES AND ALKADIENES
Teruo UMEMOTO,* Yuriko KURIU, and Shin-ichi NAKAYAMA
Sagami Chemical Research Center
Nishi-Ohnuma 4-4-1, Sagamihara, Kanagawa 229, Japan

A successful cationic perfluorcalkylation of alkenes and alkadienes with
R I(Ph)OSOQCF3 was described. The reactivity of RfI(Ph)OSOBH was also
examined.

There have been many investigations on the reactions of free-radical
perfluoroalkyl species (Rf-) with alkenes.1) Anionic perfluorcalkylation of
perfluoroalkenes has been observed in the oligomerization of tetrafluoroethyl-
ene or hexafluoropropene by the action of a fluoride anion.z) On the other
hand, no cationic perfluorocalkylation of alkenes has been reported, We now
wish to report the cationic perfluoroalkylation of alkenes and alkadienes with
perfluorocalkylphenyliodonium trifluoromethanesulfonates (FITS), RfI(Ph)OsochB.
Our previous studies have shown that FITS can act upon carbanions, arenes, and
thiols as cationic perfluoroalkylating agents.B)

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-B-(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.

Ca. R
CH,=CHPh + R_I(Ph)0SO,CF, Pyridine f~gH=CE_  + PhI
FITS-n* reflux, 0.5 h Ph
(R .=n~-C_F ) s CH2012 m=8 73 % Quant.
£=0CnF on 41

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)OSOBH (Rf=n-CmF2m+1),3) reacted with styrene at elevat-
ed temperature (reflux in CHClB) to give the same product in a 40 % 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-
ination for the addition reaction with other nuclecphiles 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 CH,=CH-n-C K, m=7 RpCH,CH= CHCAch) 71
2 CH,=CHCH, 8 RpCH, CH(CH )0S0,0F 4 (54)
R,CH= CHCHB (20)
R CH,CH=CH,, (7)
3 CH2=C(CH3)Ph 8 RfCH=C(CH3)Ph (8)
RpCH,C(=CH,)Ph (42)
cyclopentene 8 3—Rf-cyclopentene 46
5 CH,=CHCH=CHCH, 8 R ,CH=CHCH=CHCH (7)
R CH,CH=CHCH=CH, (45)
6 1,3-cyclooctadiene 2 5-Re-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 ylelds.
¢} A mixture of stereoisomers (3 : 1 = trans : cis).

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

same reaction., Table 2 summerizes the results.

Scheme 2.
+ =
Pyridine = - >
CH24=CH-CH%&CH2 + FITS-m RfCH2—4CH—CH}RCH2 N\ /
at rt, 1 h -
in CH,CL, n=8, k=0 91 %  0S00F3
m=8, k=1 81 %
Table 2. Reactions of FITS-m or FIS-m with alkenes and alkadienes
in the presence of nucleophiles
Alkene or FITS-m . a) . b)
Run Alkadiene or FIS-m Nucleophile Base Product Yield(9%)
1 CH2=CH2 FITS-8 CH3OH N32003 fCH20H2OCH3 27(50)
n " "
2 H,0 R ¢CH,CH,0H 38(42)
3 " FIS-8 HCOOH NaHCO R oCH,CH,0CHO (26)
4 CH,=CHPh  FITS-2 NaCl - RCH,CHC1Ph (25)
5 CH2=CHCH3 FITS-8 CHBOH Py Rf 2CH(OCH )CH 28(33)
6 " o H,0 NaHCO, ReC 2cH(OH)CH 32(43)
7 CH2:CHCH=CH2 " " n RfCH2CH CHCH20H 47
8 ”" F I S - 8 n " " 5 9
9 " FITS-8 CHBCOONa - RfCH20H=CHCH2OCOCH3 30
10 " FIS-8 HCOOH NaHCO3 RfCH20H=CHCH200HO 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
Alkene or FITS-m . .

Run Alkadiene or FIS-m Amide/H,0 Product Yield (%)
1 CH2=CH2 FITS-8 DM RfCHZCHZOCHG 73

2 " FIS_S " i 46(73)
3 " FITS-8 DMAC Rf SC 20000}{3 50(64)
4 " " FA f 2CHzocHO 26(138)
5 CH2=CHPh FIS-3 DMF f 2CH(Ph)OCHO 56

6 CH2=CHCH:CH2 FITS-8 " fCH20H GHCHZOCHO 92

7 " FIS-8 1" " 56

- = 1 =
8 CH2—CHCH—CHCH3 FITS-8 ! RfCHQCH—CHCH(CHa)OCHO 47
a) b) See below Table 1.

is interesting that allyl 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.

0
n ama / r / . . N
Scheme 3. op -GHGH,CH,COOH __EEEELEL_J__, R.CH.CH co (Py=Pyridine)
2 2CH, S £CH5
£
in CH2012 69 %

0 0

- - /

CH ,=CHCH ,0CH ,CH ,0H _FITS-8/Py _ R (CH,CH :] + R ,CH,CH,Cf :]
rt, 1 h L - No
in CH,C1 0~

Hobia 62 % (1 : 3)
0
- 7
CH.,=CHCHROH FITS-8/Py R,CH,CK—CHR + R _CH,CH,COR
2 £CHy )
rt, 1 h
R=H, in CH,C1, 84 % (1 2.3)
R=H, in CH,CN 84 % (1 : 5)
R=H, in DMF 77 % (1 : 35)
R=CHj, in CH,C1, 81 % (1 : 1)
- L
CH.=CHC(CH,) .OH FITS-8/Py _ R cH.G—C(CH.)
2 372 £CHy 32
rt, 1 h
in CHzcl2 77 %

Scheme 4 is proposed as a reaction mechanism.

with propene,

the adduct (triflate) could be isolated.

In the reaction of FITS
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.

taining a cationic intermediate as seen in the scheme.

These facts are

in favor of the mechanism con-

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 m-complex of FITS with
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both.

ar which mechanism is predomi-

At the present stage, it
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Scheme 4. 1 ] + -T
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R .CH=CHAT . R CH,CH(Nu)R
y ' J ( 0H,O0CH
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\p ) ‘\*fi:\\ . OCHO, 0Ac2C1)
u
sy 6 - 0
Re-I1---0TF R.---1  OTf R N +
" - 1Ty —— A, ——— RCHCH X0
—_ Lo ~PhI R £
; R (R=CH ,CH,COOH)

m-Complex Transition state +
\\\ -H
H™ Shift DMF, DMAC

5 K// \ 0
R .CH ,CH,COR + + R .CH,CH

f 2/ -H -H _} -OTf £ 2‘\
R 4
RozH) \ £ o] 2 0]
( \\/”>r/OR RfCHchRogR (R=CH ,0CH ,CH ,0H)
R®
_ 5,00 HA,0
on !//fﬁi/’ (R=CHR’OR®) 2
RfCHchZC§O/] N Q 5
(R%=H,RO=CH_CH OH) fC OO R R0t pcaR0E
sHa RSV (R=CR>R%0H) (32=H.CH3)

nant. The formation of the carbonyl compounds and the ketal from allyl 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 nake it possible to undergo the
successful cationic perfluorocalkylation 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-

5)

al methods. Since the perfluorcalkyl group has unique properties”’- high elec-

tronegativity, stability, lipophilieity, and interfacial 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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