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AGENTS IN THE ALKYLATION OF POLYFLUORINATED PHENOLS
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E. I. Goryunov, P. V, Petrovskii,

T. M. Shcherbina, A. V. Kashkin,

and V. S. Shaidurov

Only a few examples of polyfluoroalkyl ethers of polyfluorinated phenols have been
reported, and all these compounds are derivatives of primary polyfluorocalkanols [1, 2]. A
general method for the synthesis of such compounds is the arylation of polyfluorinated alkali-
metal alcoholates by polyfluorobenzenes,

In our previous work, we establish that a-polyfluoroalkylbenzyl dichlorophosphates alkyl-
ate primary, secondary, and tertiary polyfluorinated carbinols with the formation of the

corresponding ethers:

4-RCgH,CH(CF;)0POCl; 4+ RyR'R"COH —————» 4- RCGH4CH(CF3)OCB R"Rg
Tivo.cn

Rr = polyfluorocalkyl group; R = H, Me; R' = H, Alk; R" = H, Alk, Ar,

We may assume that this reaction is more general, and these phosphates should alkylate
other fluorinated hydroxyl compounds, in particular, polyfluorinated phenols. Indeed, a~
polyfluoroalkylbenzyl dichlorophosphates alkylate polyfluorinated phenols with the formation
of ethers., This reaction proceeds under relatively mild conditions in the absence of solvent
to give pure isomers as products in rather high yields.

Thus, heating equimolar amounts of a-trifluoromethylbenzyl dichlorophosphate (I) and

pentafluorophenol (II) at 160°C for 2 h gives a~trifluoromethylbenzyl pentafluorophenyl ether
(I11) in 80% yield

‘ (M (II)  Zrroen i

Gas—liquid chromatography showed that small amounts of a-trifluoromethylbenzyl chloride
(IV) were formed during the reaction.* The formation of such side products was also found
in the alkylation of polyfluorinated alcohols by a~polyfluoroalkylbenzyl dichlorophosphates
[31.

The reaction of (I) with substituted polyfluorophenols, 4=trifluoromethyltetrafluoro-
phenols (V), and 4-chlorotetrafluorophencl (VI) proceeds analogously to give high yields of

*Gas—liquid chromatography indicated that the ratio of ether (III) to chloride (IV) was 19:1.
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TABLE 1. NMR Spectral Data for a~Trifluoromethylbenzyl Poly-
fluorophenyl Ethers PhCH(CF3)0C¢F,R-4

T
Com- RMI—}I)\ZSPEC ram, 8, Rprm, BF NMR spectrum, &, ppm, J, Hz
pound| R ] ]
cH D GeHs CF; o« Fos R
I
(I F 5,404, 6,69-7,31m 0.48 d, |[-78,0bm| —86,77m —85,07 m*
Ju-y=6,1 Ju_p=6
(VII) | CF; 5314 6,68—7,32 m 026 d, —76,67m| -6429 m, 20,84 t
Tu p=60 Tao5=6,1 s =21,6 | T gyrop =21, 6
(viin| al 527 m 6,77-7,42 m 089d, |{-7661m| —6444m -
Ju-p=6,1 Ja_p=6,1

*The signals were assigned using the data of various workers
[6-6].

a~-trifluoromethylbenzyl 4-trifluoromethyltetrafluorophenyl ether (VII) and a-trifluoromethyl=-
benzyl 4-chlorotetrafluorophenyl ether (VIII), respectively. As in the case of phenol (I1I),

gas—liquid chromatographic analysis of the reaction mixture indicated the presence of slight

amounts of benzyl chloride (IV)

(I) + 4-RCeF4sOH ——— 4-RCeF4OCH(CFy)Ph
(V) (VI)  Zpoan (VII), (VIII)

R = CF,(V), (VII); Cl (VI), (VIIL).

These ethers may be separated from the reaction mixture by distillation in vacuum or by
chromatography on alumina. o-Trifluoromethylbenzyl ethers of polyfluorophenols are colorless,
clear liquids with a pleasant odor which are highly soluble in organic solvents. The ether
structures were confirmed by PMR and '°F NMR spectroscopy (Table 1). The '®F NMR spectrum of
the fluorine atoms at C-3 and C-5 of the polyfluorophenyl ring of ether (VIII) is a multiplet
characteristic for the AA' part of an AA'XX' spin system. In the case of the two other ethers,
the multiplet of the corresponding fluorine atoms is complicated due to coupling with the
fluorine atoms of the substituent at C-4 of the polyfluorophenyl ring. The line broadening
observed in the *®F NMR spectra of ethers (III), (VII), and (VIII) for the signals of the a=
trifluoromethyl groups and fluorine atoms at C~2 and C-6 of the polyfluorophenyl ring is a
consequence of long-range coupling of the fluorine atoms of these fragments through six bonds

(®Jpp < 1.6 Hz), Similar coupling was found previously for 2,2,2~trifluorcethyl pentafluoro~
phenyl ether [4].

EXPERIMENTAL

The PMR and *°F NMR spectra were taken on a PerkimElmer R~20 spectrometer, The internal
standard for the PMR spectra was HMDS (0.05 ppm), and the internal standard for the '°F NMR
spectra was CF3COzH,

The gas—liquid chromatographic analysis was carried out on a Khrom-4 chromatograph using
a 2-m glass column packed with 0.75%7 polyethylene glycol adipate on Chromosorb W (100/120 mesh),
a flame-ionization detector, and 30 ml/min helium carrier gas flow rate. The sample was
injected directly into the column. The column temperature was raised from 80 to 230°C at
8 deg/min. The calculations were calculated using a Kent Chromalog 2 electronic integrator.

a-Trifluoromethylbenzyl Pentafluorophenyl Ether (III), A mixture of 44 g (0.15 mole)
(I) and 27.6 g (0.15 mole) (II) was heated for 2 h at 160°C, The filtrate was distilled in
vacuum to yield 41.3 g (80%) (III), bp 82-83°C (2 mm), np®° 1.4568, d,*° 1,5005.

a-Trifluoromethylbenzyl 4-Trifluoromethyltetrafluorophenyl Ether (VII), A mixture of
2.93 g (0.0l mole) (I) and 2.34 g (0,01 mole) (V) was heated for 2 h at 160°C and, upon cool~
ing, was treated with CCl, and filtered, The filtrate was subjected to chromatography on a
column packed with 3 g alumina with CCl, as the eluent to yield 3.3 g (84%) (VII), bp 76.5~
77°C (1 mm), np3° 1.4440, d,2° 1.5417.

a-Trifluoromethylbenzyl 4—Chlorotetrafluofophenyl Ether (VIII), A mixture of 2,93 g
(0.01 mole) (I) and 2.0 g (0.01 mole) (VI) was heated for 2 h at 160°C and then treated as in
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the synthesis of (VII) to yield 2,3 g (64%) (VIII), bp 101-102°C (1,5 mm), np®° 1,4803, d,2°
1.5172.

The elemental analysis data for (III), (VII), and (VIII) were in accord with the cal-
culated values.

CONCLUSTONS

a-Polyfluoroalkylbenzyl dichlorophosphates alkylate polyfluorinated phenols with the
formation of the corresponding ethers.

LITERATURE CITED

W. J. Pummer and L. A. Wall, J. Res, Natl, Bur, Stand., A70, 233 (1966).
. S. V. Sokolov, L. N. Pushkina, N, I. Gubkina, G. N. Tataurov, and V, F., Kollegov, Zh,
Obshch. Khim., 37, 181 (1967).

3. L. S. Zakharov, E. I. Goryunov, V. A, Svoren', T. M. Shcherbina, and M. I. Kabachnik,
Izv. Akad. Nauk SSSR, Ser. Khim., 1064 (1979).

4. L. N. Pushkina, A. P. Stepanov, V. S. Zhukov, and A. D. Naumov, Zh, Org. Khim., 8, 586
(1972).

5. R. Bolton and J. P. B. Sandall, J. Chem. Soc., Perkin Trans, 2, 746 (1978).

6. I. J. Lawrenson, J. Chem. Soc.,, 1117 (1965).

LA

1776



