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PREPARATION OF O-(POLYFLUOROALKYL) ALKYLCHLOROPHOSPHONATES
AND O~ (POLYFLUOROALKYL) ARYL CHLOROPHOSPHATES BY
CATALYTIC PHOSPHORYLATION OF POLYFLUOROALKANOLS

M. I. Kabachnik, L. S. Zakharov, UDC 542.97:547.1'118
E. I. Goryunov, A. P. Kharchenko,

V. F. Zabolotskikh, G. D. Novikova,

and V, A, Svoren

The full polyfluoroalkyl esters of alkylphosphonic and aryl phosphoric acids can be
obtained by the catalytic phosphorylation of polyfluoroalkanols with the dichlorides of
these acids [1, 2]. At the same time, the corresponding ester-—acid chlorides are difficultly
available; information exists only on the 0-(fluoroalkyl) alkylchlorophosphonates, which
are formed by treating the mixed alkyl fluoroalkyl esters of alkylphosphonic acids with
PCls {3]. Taking into account the fact that the ester-acid chlorides of phosphorus acids,
which contain polyfluoroalkyl groups, can be used as phosphorylating agents to synthesize
the unsymmetrical esters of these acids, we examined on the example of 1,l-dihydroperfluoro~
amyl alcohol (I) the possibility of using the catalytic phosphorylation method to obtain
such ester-acid chlorides directly from polyfluorinated alcohols and the dichlorides of phos-
phorus acids.

As study objects we selected the readily available methylphosphonic dichloride (II)
and phenyl dichlorophosphate (III). In order to hinder the formation of the full esters,
a double excess of the phosphorylating agent was used. As catalysts we used the salts of
the Group IT metals of the periodic system, which proved to be best for the catalytic phos-
phorylation of polyfluoroalkanols [1, 2].

In the case of acid chloride (II) it proved that the magnesium and calcium salts,
which are readily soluble in the reaction mixture, have approximately the same efficiency.
Thus, when (I) is heated with excess (II) at 100°C in the presence of 1-4 moleZ of either
MgS0, or CaCl, we isolated 0-(1,l-dihydroperfluoroamyl) methylchlorophosphonate in 59-~65%
yield (see [4]), together with 10-17% of 0,0-di(l,1-dihydroperfluoroamyl) methylphosphonate
(V). As regards BaCl,, which is practically insoluble in the reaction mixture, then its
catalytic activity proved to be exceedingly low and reaction is not complete even after
15 h at 100°, while the yield of (IV) is only 29%.

Catalyst, 100°
C4F9CH20H—}—CH3POC12-——-¥”-—YC—I——-——> CH;P(O)COCHCaFs)+  CH,P(O)OCH,CaFy)s

(I (If) vy V)

In a similar manner, when (I) is heated with excess (III) in the presence of CaCl, at
120° the main product is 0-(1,l-dihydroperfluoroamyl) phenyl chlorophosphate (VI). Besides
(VI), we also isolated 0,0-di(1l,1-dihydroperfluoroamyl) phenyl phosphate (VII) from the
reaction mixture.
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TABLE 1. NMR Spectral Data for 1,1-Dihydroperfluoroamyl
Esters RP(0) (OCH,C,Fg)X

' T
Com- PMR spectrum (&, ppm]j* 3 Pl: NUM;
R . X spectru
pound CH—P P—OCHCF, | CHO—P |z ppm)
aw) CH, CI 2,08d . 473 m - —42,32
: Ja_p=180Hz | Ju_ p=00,
Ju-p=134 H
4] CH; C(FyCH,0 1,60d 4,60 m - -33,71 %
Ju_p=183Hz Ju—p=38,6,
Ja-r=13,4 Hz
(VD) CsHs0 Cl - 478 m 738 % +0,74
Ju_p=9,0,
Ju-r=13,0Hz
(ViI) CsHsO | C4FsCH.0 - 4,62 m 7,30 T +7,97
J H—P=7797
Tn_r=13,0 Hz

#In CCl, solution.
tNarrow, poorly resolved multiplet.

CaCls, 120°

(1) +CeHzOPOCL, —= . CH;OP(0)CH(OCH,CoFs) -+ CoHyOP(O)OCHSC, Fy)y
(111) (VI (VII)

Ester-acid chlorides (VI), and especially (IV), are easily hydrolyzed liquids. Their
structure and that of full esters (V) and (VII) was confirmed by the elemental analysis
and NMR spectral data (Table 1); the employed excess phosphorylating agents can be recovered
from the reaction mixture.

EXPERIMENTAL

The PMR spectra were taken on a Perkin—Elmer R-20 instrument relative to HMDS as the
internal standard, while the ®'P NMR spectra were taken on a Bruker HX-90 spectrometer under
pulse conditions, with noise suppression of the spin—spin couplings of the phosphorus nuclei
with the protons, relative to 857 H3PO,.

Catalytic Phosphorylation of 1,1-Dihydroperfluoroamyl Alcohol (I) with Excess Methyl-
phosphonic Dichloride (II). a) A mixture of 37.5 g (0.15 mole) of (I), 40 g (0.3 mole) of
(ID), and 180 mg (1.5 mmoles) of anhydrous MgSO, was heated at 100° for 3 h and then frac-
tionally distilled in vacuo. We obtained 20 g (100%) of (II) and 30.7 g (59%) of (IV), bp
104-105° (45 mm); np?° 1.3480; d,*° 1.6283. Found: C 20.8; H 1.5; Cl 10.4; P 8.97Z; MR
45.56. CsHsClF305P. Calculated: C 20.8; H 1.4; C1 10.2; P 8.9%; MR 45.56. The still
residue was dissolved in CHCls; and chromatographed on an Al.0s column (eluant =CHCls), the
solvent was removed, and the residue was sublimed in vacuo to give 7.4 g (17%) of (V), mp
28-29°, TFound: 23.5; H 1.4; P. 5.2%. C;11H,F180sP. Calculated: C 23.6; H 1.3; P 5.5%.

b) A mixture of 37.5 g (0.15 mole) of (I), 40 g (0.3 mole) of (II), and 670 mg (6
mmoles) of anhydrous CaCl., was heated at 100° for 3 h and then fractionally distilled in
vacuo to give 16.3 g (82%) of (II) and 33.7 g (65%) of (IV). The still residue was worked
up the same as before to give 4.4 g (10%) of (V). '

¢) A mixture of 37.5 g (0.15 mole) of (I), 40 g (0.3 mole) of (II), and 30 mg (0.15
mmole) of BaCl, was heated at 100° for 15 h and then fractionally distilled in vacuo to
give 15 g (29%) of (IV). The still residue was worked up the same as before to give 5.7 g
(13%) of (V).

Catalytic Phosphorylation of 1,1-Dihydroperfluoroamyl Alcohol (I) with Excess Phenyl
Dichlorophosphate (III). A mixture of 20 g (0.08 mole) of (I), 34 g (0.16 mole) of (III),
and 350 mg (3.2 mmoles) of anhydrous CaCl. was heated at 120° for 2 h and then fractionally
distilled in vacuo to give 17.0 g (100%) of (III) and 21.5 g (63%) of (VI), bp 111-113° (2
mm) ; np2° 1.4048; d,*° 1.5694., Found: C 30.9; H 1.6; C1 8.5; P 7.2%. C;,H,C1F,05P. Cal-
culated: C 31.1; H 1.7; Cl1 8.4; P 7.3%. The still residue was dissolved in CHCls; and chro-
matographed on an Al,0s column (eluant =CHCls), the solvent was removed, and the residue
was vacuum-distilled to give 5.5 g (22%) of (VIT), bp 129-130° (2 mm); np?° 1.3636; d.*°
1.6277. Found: C 30.3; H 1.3; F 53.6; P 4.8%. Ci1eHsF1e04P. Calculated: C 30.1; H 1l.4;

F 53.6; P. 4.87.
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CONCLUSIONS

A new method was developed for the synthesis of 0-(polyfluoroalkyl) alkylchlorophos-
phonates and O0-(polyfluoroalkyl) aryl chlorophosphates, which consists in phosphorylating
polyfluoroalkanols with an excess of the dichlorides of the corresponding phosphorus acids
in the presence of salts of the Group II metals.
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EPR SPECTRA OF 2-ARYLPOLYFLUOROISOPROPYL RADICALS

V. R. Polishchuk, N. N, Bubnov, UDC 543.422.27:541.515:547.539.162
L. S. German, E, P. Lur'e,

S. P. Solodovnikov, and B, L. Tumanskii

We established that Z-bromo-2-arylpolyfluoropropanes when heated or subjected to photo-

lysis in the presence of di-tert-butyl peroxide form substituted benzyl radicals, which we
studied by the EPR method.

The starting compounds were synthesized from the corresponding alcohols, which were
obtained as described in [1, 2] (Table 1).

OH Br
| R, I R

CFa\C/ CFa\?/

74
() -+PBr s"é"gﬁ’ @ +POBr,

|
X

(Ia—e) {lla—e)

Ry=CF,, X=H (a); Ry=CF; X=F (b); R,=CF;, X =MeO (c);
Ry = CF;, X = CF;,CONH (d); R;= CFyCl, X =F (e)

The reactions of (Ia), (Ib), and (Ie) were run in refluxing benzotrifluoride (BTF),
while those of the more active (Ib) and (Id) were run in CH,Cl,.

The hyperfine structure of the EPR spectra of the radicals (III), formed from the
bromides (II) (Table 2), testifies to the fact that the distribution of the electron den-—
sity in them is essentially the same as is characteristic for benzyl radicals. The hyper-
fine coupling (HFC) constants with the nuclei of the benzene rings are very close to those

observed in the spectra of benzyl radicals that contain the corresponding substituents at
the end [3].

As a result, the insertion of bulky fluoroalkyl groups as substituents on the benzene
.C atom evidently does not prevent the radical from retaining the planar structure that is

«characteristic for the unsubstituted benzyl radical, even if an o-F atom is present (radical
(I11£)).

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow. Trans-—
lated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 3, pp. 659-661, March,
1979. Original article submitted July 6, 1978.

0568-5230/79/2803~ 0613507.50 © 1979 Plenum Publishing Corporation 613



