3332 J. Org. Chem., Vol. 37, No. 21, 1972

DE MARrco, COUCH, AND SHREEVE

Fluoride Ion Catalyzed Formation of Perfluoro Esters

Ronawp A. DE Marco, Davip A, CoucH, AND JEAN'NE M. SHREEVE™*!

Department of Chemistry, University of Idaho, Moscow, Idaho 83843
Received April 27, 1972

Trifluoroacetyl fluoride dimerizes at —108° in the presence of CsF to form CF;CO:C.Fs.

With (CF;),CFO -

Cs ™, COF,, CF;C(O)F, C.F;C(O)F, and C;F;C(O)F react to form the heptafluoroisopropyl esters, FCO,CF (CFys)s,

CF;CO:CF(CF3)y, CiF:COCF(CFy)s, and CsF7COLF(CFs)a.

Although these compounds are formed only at

low temperature, when pure they are stable at 25° and above.

Although Haszeldine? reported the low yield prep-
aration of perfluoro esters in the synthesis of per-
fluoroalkyl iodides, these were not characterized. In

Ri002Ag + Ig — RfI + COz + RfCOzRf
R;: = CFs, CsF;

the interim, with the exception of the dimerization and
trimerization® of COF, to yield FCO.CF; and (CFs-
0):CO and photolysis reactions by Varetti and Aymo-
nino*~7 little synthetic information on perfluoro esters
has appeared in the literature.

hv
CF;0F 4+ CO —> FCO,CF;
hv
CF;00CF; 4 (CF3),CO ~—> (CF50),CO
hy
CF;00CF; + CO ~—> CF;0COO0COCF;

hv
CF;0COOCOCF; 4 (CF;3),CO —> CF;CO:CF;

During a study of the reactions of the HNF,-KF
adduct with perflucroacyl fluorides at —78° we iso-
lated the ester CF;CO,C(NF;),CF; in the case of CFs-
C(O)F, in addition to the totally fluorinated amides}?
R:C(O)NF,. When the reaction temperature was
lowered to —105°, bis(difluoramino)triffuoroethyl tri-
fluoroacetate was not formed but instead CF;CO.C.T,
the dimer of CF;C(O)F, was obtained. Since the
literature contains relatively few totally fluorinated
esters and fewer methods of preparing them, the re-
actions of perfluoroacyl fluorides with alkali metal
fluorides and perfluoroalkoxides was investigated.®

Results and Discussion

The reaction of cesium heptafluoroisopropoxide with
acyl fluorides provides a convenient route to esters of
the hypothetical --C;F;OH. Esters of the type R:C(0)-

(CF3):CO + CsF ——> (CFy):CFO~ 4 Cs*

R:C(O)F 4 (CF5).CFO~ —> RCO.C(CF3).F + F~
10-20%,

R: = F, CF;, C.Fs, C;F;

OC(CF;).F have been postulated’® as intermediates
in the fluorination of R;C(0)Cl by i-C;F,0Cs, but
these esters appeared to be unstable. The bulky CF;
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groups were thought to prevent free rotation and the
enhanced electrophilic nature of the ester carbonyl
would facilitate fluoride ion transfer. Contrary to

R:C(O)Cl + 4-C3F,0Cs —> CsCl 4 [R{COOC(CF;).F]

o F
I

Cv—rr
Re \//>C(CF3)2 —+ R,COF +(CF,),C=0
(¢}

this, we have found that these esters are stable and do
not disproportionate once isolated. The esters are
decomposed rapidly in the presence of alkali metal
fluorides at —78° or above, which undoubtedly ac-
counts for the previously reported results. The uti-
lization of low reaction temperatures retards decom-
position sufficiently to allow ester isolation but also
may hamper the yield as seen in Figure 1.

Although the dimer of CF;C(O)F does form in low
yield with CsF at low temperature, the dimerization
occurs more efficiently when KF-HNF, is used. The
formation of pentafluoroethyl trifluorcacetate by the
latter method could at first glance be readily explained
via the formation of the pentafluoroethoxide anion
and subsequent reaction with CF;C(O)F. However,

CF;C(O)F + KF —> CF:0~ + K~
CF;;C(O)F + CF;0™ ——> CF;CO.CoF; + F -

when the reaction was run under identical conditions
but without HNF,, in order to confirm this pathway,
none of the ester was isolated. Addition of HNF, to
the vessel with KF and CF;C(O)F again resulted in
the formation of the ester.

At —105° the extrapolated dissociation pressure of
HNF, from the HNF,-KF adduct is negligible!! and
therefore the HNF, cannot be assumed only to be form-
ing “activated” KF via complexation and dissociation.
To confirm this, KF was “activated” by the formation
and decomposition of the hexafluoroacetone adduet but
no ester was isolated with CF,C(O)F. In an attempt
to understand the role of the HNF,, other reagents,
such as (CFy),NOH, which undergo complexation and
substitution in an analogous manner, were used, but
no ester could be isolated. Also, vacuum dried KF-
HF, which would be present after HNT; reacted with
CTF,C(O)F, was used without success.

Although the exact effect of the HNTF; could not be
ascertained, the above-described pathway would in-
dicate that the low temperature reactions of perfluoro-
acyl fluorides with perfluoroalkoxide salts would lead
to a general synthesis of totally fluorinated esters.
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ForMvaTION OF PERFLUORO ESTERS

The infrared spectra of the new perfluoro esters are
found in Table I. The carbonyl stretching frequency

TasLe 1
INFRARED SPECTRA OF RiCO.Ry’
Compd em ™!

CF;CO.CyFs 1851 (s), 1336 (m), 1257 (s, sh), 1247 (vs),
1220 (s), 1206 (s), 1179 (s), 1110 (vs),
1092 (s), 858 (w, br), 760 (m), 740 (sh),
708 (vw), 679 (m), 529 (m)

1906 (s), 1881 (m), 1309 (m), 1269 (vs),
1219 (ms), 1179 (ms), 1147 (s), 1018
(ms), 948 (w), 753 (w), 726 (w), 659 (w)

1851 (s), 1339 (s), 1305 (s), 1260 (vs),
1207 (), 1175 (s), 1120 (vs), 1086 (s),
1010 (s), 839 (w), 758 (m), 724 (m),
677 (m), 544 (m), 525 (sh)

1845 (vs), 1340 (m), 1310 (s), 1277 (vs),
1264 (vs), 1237 (vs), 1225 (s, sh), 1172
(8), 1135 (vs), 1109 (vs), 1006 (vs),
820 (w), 752 (sh), 738 (sh), 722 (m),
677 (mw), 535 (mw)

1844 (s), 1360 (m), 1332 (sh), 1310 (s),
1260 (vs), 1229 (s), 1204 (s), 1176 (s),
1144 (s), 1120 (s), 1095 (sh), 1061 (m),
1010 (s), 960 (m), 921 (ms), 820 (m),
755 (m), 740 (vw), 723 (m), 680 (mw),
540 (m)

FCO,C(CFs).F

CF4CO,C(CF;).F

C:F;CO,C(CF;).F

CsF1CO.C(CF3)F

is characteristically found in the 1840-1850-cm~! re-
gion for these esters and is reasonably independent of
both the perfluoroacyl and perfluoroalkyl groups. - In
considering the trifluoroacetate esters CF;CO.CFs,
CF;CO.C.F;, and CF;CO.C(CF;).F the carbonyl
stretching frequencies are 1852, 1851, and 1851 em—?,
respectively, and, for the heptafluoroisopropyl esters,
CF3002C<CF3)2F, C2F5COQC(CF3)2F, and CsF'{COz-
C(CF3).I7, the stretching frequencies are 1851, 1845,
and 1844 cm~*. These shifts follow the same trend
as the perfluoroacyl fluorides which are found at ~1880-
1895 em~! and the perfluoroacyl chlorides located at
~1800-1815 ecm~!. The tentative assignment of the
C-0 single bond stretching frequency may be accom-
plished by using the empirical relationship observed
by Varetti and Aymonino.}? The C-O stretching

ve-o = 4112 — 1.625v0-0

frequencies for CF;COyC.F;, FCO,C(CF3).F, CF;CO,-
(CFs)QF, C2F5002C(CF3)2F, and C3F7COQC(CF3)2F can
then be assigned at 1110, 1018, 1120, 1109, and 1120
em ™1, respectively. These values agree very well with
those assigned to FCO,CF; (1020 cm~') and CF;CO,-
CF;5 (1111 em—*) by Varetti and Aymonino.

The mass spectra are found in Table II. Although
parent peaks are not observed, a small peak corre-
sponding to M — F is seen for each derivative. For
the general ester R¢CO;R¢’ a consistant cracking pat-
tern can be found with the exception of the carbonyl
fluoride derivative. Fragments are observed in each
ester corresponding to Ry, R¢CO, R¢’, R¢’O, and R¢'CO,
but none is found for RsCO,.

F nmr data for these esters are found in Table III.
The CF; groups of the heptafluoroisopropyl esters are

(12) E. L. Varetti and P. J. Aymonino, Spectrochim. Acta, Part A, 27,
183 (1971),
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Figure 1.—Effect of temperature on perfluorinated ester yields.

. TasLE I1
Mass SpEcTRA OF RiCO,R¢’

m/e {assignments, rel %)

213 (M — F, 0.5); 180 (2, 0.3); 163 (M
— CFs, 2); 135 (CoF:0, 1); 119 (C,F;,
38); 116 (C.F.0, 2); 100 (C.F, 1);
(CF;, 100); 50 (CF,, 33); 47 (CFO,
27); 43 (C,F, 2); 31 (CF, 14)

213 (M — F, 0.5); 185 (CsF:0, 0.1);
160 (C3F, 3.5); 166 (CsFs0, 1); 163
(M — CFs, 7); 147 (CiFs0, 4); 119
(CgFa, 3), 100 (CzF4, 2), 97 (Cngo,
24); 78 (C;F:0, 1); 69 (CFs, 100); 66
(CF,0, 26); 50 (CFy, 8); 47 (CFO, 60);
31 (CF, 10)

263 (M — F, 1); 213 (M — CF;, 3); 169
(CaFv, 8), 147 (CsFaO, 2), 119 (CQFE,
3): 100 (CoFy, 1); 97 (C.F:0, 30); 78
(C.F:0, 1); 69 (CF;, 100); 50 (CFy
10); 47 (CFO, 5); 31 (CF, 6)

313 (M — T, 2); 213 (M — C.Fs, 8); 169
(CoFy, 25); 147 (C.F:0, 25); 119
(Cng, 26), 100 (02F4, 8), 97 (CstO,
6); 81 (C.Fs, 1); 78 (C.F,0, 2); 69
CF;, 100); 50 (CFy, 8); 47 (CFO, 3);
31 (CF, 13)

363 (M — F, 2); 213 (M — C;Fs, 4); 197
(OgF')O, 3), 169 (03F7, 59), 147 (CstO
2); 119 (C.F; 7); 100 (C,F, 6); 97
(CoF;0, 5); 85 (CF30, 2); 78 (CoF:0,
2); 69 (CF;, 100); 50 (CF,, 4); 47
(CFO, 2); 31 (CF,7)

Compd
CF3CO,C,F;

FCO.C(CF;s).F

CF;CO,C(CF3)F

CyF:CO,C(CFs ) F

CsF1COLC(CF5)F

magnetically equivalent, even with the large CsFr acyl
side chain, which argues further against hindered rota-
tion.®® The spectra are first order and directly inter-
pretable. Although no spin—spin coupling of the acyl
CF; group with the isopropyl CF; in CF;CO,C(CFs).F
occurs, because of through space coupling the CF; of
the acyl group in CQFsCOQC(CFg)QF and CaF-zCOzC-
(CFs).F is split by the isopropyl CFs.

Experimental Section

Perfiuoroacyl fluorides (PCR, Inc.) were purchased and used
without further purification or prepared from the corresponding
chloride (PCR, Inc.) and anhydrous CsF (American Potash &
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TasLe II1
YEF NMR SPECTRA®

76.1 92,1 87.1 83.5 121.8 142.4 79.3
CF;CO,CF,CF, CF;CF,CO,CF(CF,;),
t 4,9 t b, q,d sept, d,q
|_ 0.4_] _ 2'4__1 unres unres

Lipd Log— 5]

0.4

11,4 144.0 79.1 81.4 127.0 119.0 142.6 79.8

FCO,CF(CF;), CF;CF,CF,CO,CF(CF,),

d. sept d, sept d,d t, b, q sept d, q
\;LZAS-J 1 j unres unres unres J
0.82 ‘ 9.0 I—"‘2.0
0.5
75.8 142.5 79.2

CF,;CO,CF(CF,),
d sept, q d

Loa—d Lo
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windows. The *F nmr were obtained on a Varian Model HA-100
spectrometer operating at 94.1 MHz. The mass spectra were
recorded on a Hitachi Perkin-Elmer RMU-6E mass spectrometer
at 70 eV. Elemental analyses were obtained from Beller Mikro-
analytisches Laboratorium, Géttingen, Germany.

General Procedure.—In general, the new perfluorinated esters
were prepared by preforming the (CF;)»CFO~Cs* salt by con-
densing an excess of hexafluoroacetone on CsF'? and allowing the
mixture to warm. The unreacted hexafluoroacetone was pumped
off and a measured amount of the particular perfluoroacyl fluoride
was consensed onto the salt at —183°. The reaction mixture was
warmed to and allowed to remain at —108° for 4 to 6 hr.  After
this time, any volatile materials were pumped away and the
vessel was warmed slowly under dynamic vacuum to minimize the
contact time between the ester and CsF. For minimum loss due
to fluoride ion catalyzed decomposition, the ester should be
removed from the reaction vessel below —78°. However, for
the higher molecular weight esters the rate of decomposition at
—78° was slow and successful isolation was possible. When
pure, these esters are stable at 23° and above for long periods.

The yields of esters obtained vie this procedure were highly
variable so that two ‘‘identical’’ reactions may give 20 or 09 of
the ester. While temperature effects are important, we feel that
the state of division of the CsF is the largest single factor govern-
ing reproducibility. The experimental data are summarized in

« Upfield shifts relative to CCL;F as internal reference. Table 1IV. These numbers represent average yields. These
Tasre IV

(CF3):CFO-Cs™,
RtC(O)F (mmol) mmol Time, ester, mmol Trap temp,* °C Mol wt? C, % F, %
CF;C(O)F (12) CsF only 5 hr, CF;CO:CyF;, 0.3 —116
COF; (6) 6 4 hr, FCO,C(CF;).F, 1.0 —~06 235 (232)°
CF,C(O)F (20) 3 4 hr, CF;CO,C(CF;)oF, 1.7 —-78 284 (282) 21.7 (21.3) 68.3 (67.4)
CoF:C(O)F (6) 6 5 hr, CoF:CO,C(CF3)F, 1.1 - 06 335 (332) 21.5 (21.7) 71.0 (68.7)
C,F.C(O)F (5) 6 4 hr, C;F.CO,C(CF;).F, 0.5 —~63 382 (382) 21.9 (22.0) 68.8 (69.6)

« Temperature at which ester condensed under dynamic vacuum of 10~2-10~% Torr. ? Vapor density determined assuming ideal

gas behavior by Regnault’s method. ¢ Calculated value.

compounds exhibit moderate hydrolytic stability, e.g., CFsCO,C-
(CF3)F, is 509, recovered after 2 hr at 25° in excess water.

Registry No. —CF300202F5, 30952-3 1-9; FCOzC—
(CFS)QF, 30952-33-1 ; CFsCOzC (CFS)QF, 30952-32*0,
CstCO2C (CFs)gF, 30952-34:-2, C3F7COQC (CF3)2F,
30952-35-3.

Chemical Corp.). Hexafluoroacetone was obtained from Allied
Chemical Co. and also used without purification.
Apparatus.—Volatile liquids and gaseous materials were
handled in a standard vacuum line equipped with a Heise-
Bourdon tube gauge. The reactions were carried out in Pyrex
glass vessels equipped with Fisher-Porter Teflon valves or in
metal vessels. In general, the esters were readily separated from
the slightly more volatile acid fluorides by fractional condensation
(low temperature separation based on differences in volatility of

components). Low temperature baths are made by cooling Acknowledgment.—Fluorine research at the Univer-

appropriate organic liquids to their freezing point with liquid
nitrogen to give slushes.

Analysis.—Infrared spectra were taken on a Perkin-Elmer 457
spectrometer using a 10-cm Pyrex glass cell equipped with KBr

sity of Idaho is supported by the Office of Naval Re-
search and the National Science Foundation.
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