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Summary: Photochemical formation of methyl perhalofluorocarboxylates from the
corresponding perhalofluorcalkyl sulfinates is considered to proceed via photo-

chemical electron transfer.

In recent years, reactions based on fluoroalkyl sulfinates have been studied
in detail 1. Not only RpSO,Na can initiate the addition of RFI2 to double bond

but also it can be used as a direct fluoroalkylating reagent to introduce a Rp

3 4

group into certain olefinic compounds”. Pyrolysis of perilucroalkyl sulfinates

5

and 3~oxa-perhalofluoroalkyl sulfinate” yielded perfluoroolefins and perhalo-

fluorocarboxylic acids respectively. In previous paper56'7, we reported that ir-
radiation of perhalofluyoroalkyl sulfinates with UV light afforded under mild
conditions a simple and effective synthesis of perhalofluorocarboxylic acids and

their esters in good yields (scheme 1}

uv
RpCXYSO,Na —e RpCO,R
X, ¥=F, c1  Hp0 or MeOH R=H, when H,0 was used,
r.t. Me, when MeOH was used.
Scheme 1

Here we would like to describe a mechanistic study on the photochemical be-~
haviour of these compounds. Sodium 3-oxa-ll=-chloroeicosafluorcundecane sulfinate
[CL(CF,)gOCF,CFy80,5Na, 1] was taken as a model substance in this study.

All the reactions were run under the same conditions, i.e. MeOH(80ml), 500W
high-pressure mercury lamp, guartz reaction tube and 5h irradiation at r.t. under
air. The influence of additives on the distribution of products was shown in
Table 1.

Photooxidation ¢f 1 could not proceed through an anionic intermediate
[Cl(CFz)gOCF2CF2]_. As such anion was unstable, @-scission took place readily
and C1({CF,)4CFO should be formeds's. In the present case, however, no Cl(CFy)7-
CO,Me was detected.

1 was stable in the dark even at 45°C(entry 2). When the reaction was carri-
ed out under argon, only hydrogen abstraction product 3 was formed with a rather
slow rate{entry 3). Since sulfinates have long been known as electron donorsz'3'9

and oxygen, an electron acceptorlo, thus these facts suggested that a photoche-
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Table 1, Effect of Additives on the Photooxidation of 1

uv
RFCFZSOZNa —_— RFCOZMe + RFCFZH + RFCF2803H
1 2 3 4
g{mmol) Solvent Additive Composition of Products($)2

Entry of 1 (ml) (mmol) =0 e e

1 2 3 4
1 2.5(3.91) MeOH(80) Air ———— 100 —_—— ——
2 2.5(3.91) MeOH(80) in the dark 100 ———— ——— -———
3 2.5(3,91) MeQH({80) Argon 85 —-_— 15 -_—

4 2.5(3.91) MeOH(80) p-DNB(1,01)P 26 65 —— 9

5 2.5{(3.91) MeOH(80) BQ(1.1%)¢ 58 29 —— 13

6 2.5(3.91) MeOQH(80) Nal{l.0) 97 ——— —-—— 3

(a) The composition of products was determined by 19g nmRr.
(b) p-DNB: p-dinitrobenzene. (¢) BQ: benzoguinone.

mical electron transfer from RFCFZSOZ- to oxygen might be involved and radical
RpCF,* was then formed.

Support for this hypothesis was adduced by carrying out the photoreaction
in the presence of p-DNB (radical scavenger and electron transfer guencher) or
BQ (efficient 027 scavenger), both of which inhibited effectively the formation
of carboxylate 2 (entry 4 and 5). The inhibition by p-DNB or BQ was achieved by

11

the back electron transfer as schemed in the following:

o
- 2 . -
RpCF5805  ~——— [ RpCF,50," + 0,7 ]

BQ j
+ B ’ °

electron [ RFCFzsoi + BQW 1]

transfer Scheme 2

Further evidence for the electron transfer process was available if the
experiment was conducted in the presence of Nal. It was found that the reaction
was completely retarded under such conditions(entry 6). Such inhibition might be
explained by electron transfer from 17, an one-electron reductantlz, to radical
RpCF,80," and by the reformation of I~ through an energetically favoured reac-
tionl3 (Scheme 3).

0, Oz*

RpCF5S0,” Q RpCF,S0,

I* I
I"{Iz) + 057 ———— I7 + 0y
Scheme 3
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The intermediate RpCF,* could be trapped by t-BuNO and detected by E.S.R.14
A strong persistent and well resolved spectrum of the formed nitroxide,
t—BuN(O)CFZRF, was obtained with aN=ll.54G and a%=22.62G. Under argon, however,
such nitroxide could not be detected by E.S.R.

It is noteworthy that if the reaction was carried out in the presence of
n-hexene-1l, a partially fluorinated ketonel® was formed. Apparently such ketone
was resulted from the addition of RpCF,* to the double bond followed by oxidation.

uv =R o,

. L
RpCF,S80;Na RpCFy* — = RpCFy~"~~R — RpCFj TSR

Based on the foregoing results, a mechanism of photochemical formation of
methyl perhalofluorocarboxylates from the corresponding sulfinates is presented
in Scheme 4. Irradiation caused electron transfer from sulfinates to oxygen, and
then the formed radical RpCF,* yielded RpCO,Me through different ways.16

uv _~H202

RpCFp80,7 + 0y ———— RpCF,505 + 0,7 | (1)
- 3 HO"

5 ————— RpCFy + S50, (2)

6 + 0¥ — = RpCF,0-0" (3)

7 ———+ RCF=0"-0" + F (4)

8
8 — . RRCFO (5}
ut i
7 ——» RRCF,00H (6)
10
6 + 0y — 4 RyCF,0-0° (7)
11
NHII -—
1 10 (8)
Q _ e 2 + HOF (9)
6 + HO® RpCF,0H (10)
12
12 . 9 + HF (11)
9 + MeCH RpCO,Me + HF (12)
Scheme 4
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