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Abstnwt: Phokxiecomposition of alkanoic acid esters of N-hydroxy-2-thiopyridone with 1.1 -dichloro-2,2-dijwroeth- 
ylene gives alkyl-radical-trappedproducts, which give a, adifluoroalkanoic acids and their methyl esters on hydrolytic 
or methanolytic treatment with silver nitrate. 

Difluoromethylenecontaining compounds are receiving considerable attention because of their potential 
biological activities,* Although a,a-difluoroalkanoic acids are expected to be good building blocks for the con- 
struction of such difluoromethylene subunits, there seem to be no simple and general methods to obtain the 
difluoro acids. We report here a general procedure to access such difluoroalkanoic acids.2 

Ishikawa et aL3 reported the synthesis of a-fluoroalkanoic acids via alkyl metal addition-elimination reac- 
tion on difluoroketene dithioacetal and subsequent hydrolysis. To avoid elimination of fluoride anion, alkyl 
radicals could be employed as alkylating species. ‘I’hiohydroxamic-alkanoic mixed anhydrides (Barton’s esters) 
(lr are suitable precursors for the generation of alkyl radicals. Since the difluoroketene dithioacetals had shown 
no reactivity to radical addition, we used l,ldichloro-2,2difluoroethylene (2) as an alternative radical-trapping 
olefin. Olefin 2 h& been successfully used for trapping of hydroxyalkyl radicals by Muramatsu,5 and the addi- 
tion of the radicals occurs regioselectively at the CF, side, i.e., the formation of the more stable RCF,CCl,* 
radical as intermediates. 

The Barton ester of heptanoic acid 1a,6 which generates n-hexyl radical, was irradiated with a large excess 
(over 10 molar) of 2 in a small amount of acetonitrile with a SOW-tungsten lamp at room temperature.7 Chro- 
matographic separation of the reaction mixture afforded adduct 3a in 77% yield. The existence of 3J~,,.~9F (t, 
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Table I 

entry 1 R- 
Yields (%) 

RCF2CC12SPy (3) PySR (4) RCF,COOH (6) 

1 la 

2 lb 

3 lc 

4 Id 

5 le 

6 If 

7 lg 

n-C,H,,- 77 11 89 

a 62 7 80 

62 18 84 

W3)3C- 52 9 53 

C6H,CH,CH,- 40 36 86 

CsH,CH2- 44 28 91 

C,H,- 08) 0 

@Benzoic anhydride was the major product. 

19H$ in the lgF and ‘H NMR spectra reveals the regioselective formation of the adduct 3a. Identified side- 
products were decarboxylative rearrangement product 4a (11 %) and disulfide 5 (11 %). (Sheme I) 

Hydrolysis of the addition product 3a was readily performed by refluxing with a 4-molar amount of silver 
nitrate in THF-H,O. Almost pure difluorocarboxylic acid 6a was obtained in 89% yield by simple extraction of 
the reaction mixture with an aqueous hydrogen carbonate solution followed by acidification with sulfuric acid. 
No thiol ester was found in the organic layer. 

Cl Cl 
R 2 

W’JO3 

SPY 
- RCF,COOH 

F F THF-H,O 

3a R = C6H,, 6a 

This transformation from the Barton esters 1 to the difluoroalkanecarboxylic acids 6 is quite general for 
alkanecarboxylic anhydrides. In Table I,’ the yields of the difluoro acids from some Barton esters are summa- 
rized. Primary (entries 1 and 5), secondary (entry 3), tertiary (entries 2 and 4), and also benzyl (entry 6) radicals 
gave dichlorodifluorothioethers 3, which were convertible into the corresponding difluoroalkanecarboxylic 
acids 6. However, phenyl derivative lg gave no adduct. In this case, a mixture of benzoic anhydride and benzoic 
acid was obtained after chromatography. This unreactivity of lg is explained by the fact pointed out by Barton 
er a1.g that the decarboxylation of benzoyloxy radical is slow and the major reaction of the phenyl derivative is an 
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PySCCl ,CF,C,H,CF$3&$3’y 

8 I 

+ PySCCl 2CF2C,HsSPy + PYSC ,H&Py 

(48%) ’ (28%) 
10 

(4%) 

hv 

2 

HOOCCF&H&F&OOH 

11 (54%) 

Scheme II 

ionic reaction affording benxoic anhydride. 
The addition of an alkyl radical to the polyhaloethylene 2 is competitive with the decarboxylative rear- 

rangement to thiopyridyl derivatives 4 (product ratio (addition / rearrangement) = l/l - 7/l). Thus, in the case of 
bifunctional Barton ester of adipic acid 7 with a lo-equivalent amount of 2, a nearly statistical mixture of the 
radical products g,9, and 10 was obtained (addition / rearrangement = 7/2). The product distribution suggests 
an independent two-step reaction and no intramolecular addition of the first generated alkyl radical to the thio- 
carbonyl group. Although this statistical effect reduces the yield of the 1:2 addition product, 2,2,7,7- 
tetrafluorooctanedioic acid 11 was obtained after hydrolysis of the 1:2 adduct 8. (Scheme II) 

In order to obtain the difluoro-esters directly, methanolysis of the radical adducts 3 was also attempted. 
The reaction of 3a-c with a 4-molar amount of silver nitrate in refluxing methanol gave the corresponding methyl 
ester 12a (47%), 12b (770/o), and 12c (74%), respectively. 

fWO3 
3p RCF,COOCH, 

CH30H 
12 

a R = C6H13 
b R = l-Adamantyl 
c R = C6Hll 

As described, photodecarboxylative decomposition of Barton esters in the presence of 1,1-dichloro-2,2- 
difluoroethylene is a useful route to access difluoroalkanecarboxylic acids and esters which are difficult to obtain 
easily by other methods. Application of this method to other functionalized carboxylic acids is now under way. 
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Barton esters la-g were prepared from corresponding carboxylic acids and N-hydroxy-2-thiopyridone 
with Nfl-dicyclohexylcarbodiimide (DCC) in C$Cl, in good yields. 

At this temperature, the reaction mixture refluxes because of the low boiling point of 2 (b.p. 19°C ). A 
reflux condenser in which coolant (aqueous ethanol, -30°C) circulates is used to avoid loss of 2. Irradiation 
time is dependent on the substrate (4 - 7 hr). 

r9F-NMR spectra: Chemical shifts are reported in ppm relative to CFCI, as an internal standard (6) in 
CDCI,. 3a: 6 -104.12 (t,J = 19 Hz). 3b: 6 -104.21 (s). 3c: 6 -103.06 (d,J = 15 Hz). 3d: 6 -100.60 (s). 3e: 
6 -104.12 (t, J = 17 Hz). 3f: 6 -102.24 (t, J = 19 Hz). 6a: 6 -106.90 (t, J = 16 Hz). 6b: 6 -120.47 (s). 6c: 
6 -114.34 (d, J = 15 Hz). 6d: 6 -116.19 (s). 6e: 6 -107.43 (t, J = 16 Hz). 3f: 6 -105.76 (t, .I = 17 Hz). 8: 
6 -103.91 (t, J = 19 Hz). 9: 6 -103.97 (t, .I = 19 Hz). 11: 6 -104.68 (in DMSO-d,, t, J = 16 Hz). 12a: fj 
-106.23 (t,J = 16 Hz). 12b: 6 -119.94 (s). 12~: 6 -113.93 (t,J = 15 Hz). 
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