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Abstract : Enol esters are converted into corresponding trifluoromethylated ketones and/or enol esters with
sodium trifluoromethanesulfinate and t-butyl hydroperoxide in the presence of catalytic amounts of Cu(IT).

The trapping of the electrophilic radical *CF, by electron-rich substrates, like olefins!,
aramatics? or disulfides?, is a tool of growing interest in organofluorine chemistry. This ra-
dical can result from the homolysis of rather sophisticated reagents like CF,-N(NO)-80,CF,
(TNS-TH? but is more commonly generated by reduction of bromotrifluoromethane with
precursors of the sulfur dioxide radical-anion®3. We have recently reported that ‘CFy can
be also produced by monoelectronic oxidation of sodium trifluoromethanesulfinate with
aqueous t-butyl hydroperoxide. Under these conditiens, ‘CF, is trapped by disulfides® and
aromatic compounds® and, for that purpose, t-BuOOH was found to be a more suitable oxi-
dizer than K,5,0, or cerium ammonium nitrateS.

-—a P RSCF3
[CF3802' ] *ﬂ—soz + ‘CFq
S~————= ArCF,

ArH

CF3502

Our study has been extended by examining the behaviour of CF;S0,Na (available
from CF3Br and sodium dithionite” or Zn/S0,% towards enol esters in the presence of
aqueous t-butyl hydroperoxide. This system did not deliver cleanly the expected trifluoro-
methylated ketone or enol ester from isopropenyl acetate : numerous products were detec-
ted by 19F NMR, among which some ones could result from a radical coupling. Indeed,
Huang et al reported, during the course of our work, the bromo-substitutive per-
fluoroalkylation of allyl and propargy! bromides with sodium perfluoroalcanesulfinates and
(NH,)38,04 (chosen as the best oxidizer)?, in which the radical nature of the process was
proven by the by-production of RgCO,H and R¢CF,Br, sometimes in significant yields:

R¢CF,S0,Na
CH,=CHCH,Br ~——— " RpCF,CH,CH=CH, (+ RgCO,H + R¢CF,Br)
(NHy) 58508

Our bad result from isopropenyl acetate could be related to the fact that tBuOOH
does not oxidise efficiently the carbon-centered radicals. As Cu?* is known to be very ef-
fective in the oxidation of such radicals!®!!, the further experiments were performed in
the presence of a catalytic amount of cupric trifluoromethanesulfonate. Under these condi-
tions, trifluoromethylated ketones and/or enol esters were cleanly obtained, depending on
the substrate!? :
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( R'RZcH-co-cHRY-cF, 2
152
RIRZ2cH CF
RIRZCH . . CF3502Na/t—EuOOH Ne=c 3
) _C=CH-R —» { R3-co-0” Tpt
r3-co-o u(0SO,CFy)
la-d CH3CN 20102 rir2c .
C-CHRY-CF, 4
| R3-co-07" 3

CH,=C (OAc) CHy ——= CH3—CO—CHZCF3
la 2a

BuCH2 (AcO)C=CHBU — BuCH,-CO-CH(CF4)Bu + BuCH=C(QAc)-CH (CF3 )} Bu
1b 2b 4b

CH OH
0Rc 0 FaC
2 ™
s o Y s Wi,
CF4 07 ™0 0 0
1c 2¢c 14 34

Entry| 1 |CF;S0,7|t-BuooH|cull CHgCN Product| yields (%)
(eq. (eg.) ((eq.)| (%) (ae)

1 1a 1 3 0.1 | 1.5 2a 5313

2 ib 2 4 0.25 3 2b 22 (19)14
4b 2

3 1b 4 5 0.25 3 2b 55 (44)14
4b 8

4 ic 4 5 0.25 3 2¢ 66 (53)15

5 1d 4 7 0.25 3 3d 60 (53)16

(*) ml/mmel 1 ; (**) isolated yield into brackets

[t appears, from entries 2 and 3, that a sufficient excess of sodium trifluoromethane-
sulfinate is needed to obtain fluorinated products in fair yields. This is in accordance with
the previous observation that *CF, behaves as a moderately reactive electrophile, very sensi-
tive to steric hindrance® (cf. entries 1 and 3). 1d, which bears a free enolic moiety and an
esterified one, was trifluoromethylated on the enol ester only. The apparent unreactivity of
the free enol function, which could deliver an o-trifluoromethylated tertiary radical as
stable as the observed one, could be attributed to an unfavourable conjugation with the
carbonyl group.

From the comlparison between the preliminary experiment (without Cull) and the fur-
ther ones (with Cull), it can be assumed that the process implies the formation of a radical
which is further oxidised into a cation. Consequently, the following mechanism is propo-

sed :
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CF380,  + t-BuOOH — = CF450,' + t-Bu0~ + HO*
CF3SOZ' —_——— 'CF3 + SOZ

. __OAc 'CF, | .-o0nc  cull | . .-OAc
c=¢ — = F,C-C-C" Fyc-c-ct, 5a-d
" ;*c— I ™Sc— I Se—
H \ H H\ cul H HZ \
B~ | F4C OAc | OAc
—  » F.C-C-C- oY ™~ ZC/ or F C—C-C/
3 A7 3 ¥
l " /C—— RNC ——
HO H” \ H k!
2 3 4

cut + t-BuOOH —— m cu?t + t-BuO™ + HO-

Thus, the CF,S0,Na/t-BuOOH/Cu!! system can be considered as a formal "cationic”
trifluoromethylating reagent.

Some deprotonation competed with deacetylation from 5 during the trifluoromethyla-
tion of 6-acetoxy-5-undecene 1b. When, under the conditions of experiment 3, one equi-
valent of sodium acetate was added to CF,50,Na (while keeping other parameters
constant), the ratio between deacetylation and deprotonation decreased (2h/4b = 23/22
instead of 55/8) and two isomeric 4b (in the ratio 17/5) were detected by NMR instead of
one. However, the total trifluoromethylation yield dropped (45% v.s. 63%). It can be noted
that, when the cation 5 bears an hydrogen a to both cationic centre and CF, group and
another hydrogen ¢’ to the cationic centre, as in 5b (from 6-acetoxy-5>-undecene),
deprotonation occurs by the exclusive abstraction of the o hydrogen : 4b was formed and
3b was not. This fact could be explained by the field effect of the strangly electronegative
CFy moiety which prevents the approach of a base from the « position, though the «
hydrogen would be more acidic, on a thermodynamic point of view, than the o’ one. When
no o’ hydrogen is present, as in 5d, the o one is, nevertheless, expelled.

In conclusion, the present method offers a cheap and mild access to e-trifluorome-
thylated ketones far more efficient than the electrochemical trifluoromethylation of isopro-
penyl acetate with CFBCOzH” and more convenient than the condensation of 2,2,2-
trifluorodiazoethane with aldehydes18 as well as the reaction of CF,Br, (2 steps)19 or
CF3Br/Zn/C5HgN (under pre5511re)20 with enamines.
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