3-(4-Chloro-3-pivaloylamino-2,6-dimethoxyphenyl)-5-phenyl-2-isoxazoline (XII) was
obtained analogously to (XI).

LITERATURE CITED

1. M. V. Sargent, J. Chem. Soc., Perkin Trans 1, No. 4, 1095 (1982).
2. J. Suffert, J. Org. Chem., 54, No. 2, 509 (1989).

ELECTROPHILIC ISOMERIZATION OF FLUOROALIPHATIC

OXYGEN-CONTAINING COMPOUNDS

S. D. Chepik, V. F. Cherstkov, E. I. Mysov, UDC 547.411:542.952
A. F. Aérov, M. V. Galakhov, S. R. Sterlin,
and L. S. German

An unusual electrophilic cyclization of fluorine-containing carbonyl compounds and
a-oxides was discovered. Upon the action of SbF;, perfluorinated ketones, diketones,
and w-oxides isomerize to oxolanes. This reaction proceeds with the obligatory par-
ticipation of the terminal CF; group.

In previous work [1], we have shown that heating 2,3-bis(fluorosulfato)perfluoro-
(2-methylpentane) (I) in the presence of S5bF, gives 2-fluorosulfatoperfluoro-(2-methyl-3-
pentanone) (II) as well as an unusual cyclization product, namely, perfluoro-2,2- di-
methoxy-3-oxolanone (III), which is formally the cyclocondensation product of (II).*

CFy O0SQ,F CF; O CF, 0
| i ShF; | i N Va
CFyrC—CF —CyF5 —> CF3— C—C—G,F; -+ (r—c
| | S AN
0S0.F 0SO0,F CFsy O CF,
/
CF,

hH (1) (I11y, 1895

An analogy for this reaction is found in the isomerization of perfluoro(2-methyl-2-
pentene) oxide (IV) upon its heating with a mixture of perfluorotoluene and SbF;, leading
to perfluoro(2,2-dimethyloxolane) (V) [2].%

CF, CF3
AN . y
G CP—CyF, CFCE/SOE: Ny o
SN S 100° 6 h e \
CF; (8] CF, CF,
vd
O0———CF,
(IV) (V), 83%

Such reactions accompanied by the cleavage of a C—F bond in an unactivated CF,; group
far removed from any functional group, double bond, or aromatic system, do not find analogy
in the chemistry of organofluorine compounds.

*In the present work, we found that heating (I) in the presence of SbF; in an autoclave at
150°C for 12 h leads to the formation of (III) in 87% yield.

Toxide (IV) does not react with SbFs in the absence of perfluorotoluene upon heating to
300°C [3]. ‘

A. N. Nesmeyanov Institute of Organometallic Compounds, Academy of Sciences of the
USSR, Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 11,
pp. 2611-2618, November, 1991. Original article submitted November 2, 1990,
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TABLE 1. 1Isomerization of (I), (IV), (VI), (VIII), and (XI)

; [
Starting Time; Vield Method of
°°?P°‘{“‘; S(bnfosl’e)g T.°C | | Product % | B> °C | jdentification
g (mole
(1), 24(0,09) 150 | 12 (111) 87 | 44-46 |19F NMR, mass
22(0,05) spectrometry
(ef. [1])

avy, 3(0,014) 100 | 16 ) 83 | 51-52 |cCf. [2]
3{(0,0075) ShF; 4~ .

2,5 (0,01

CeF3Cly 19
VD), 2,4(0,01) 100 7 (V1D 84 | 50-52 F NMR, mass
1,2(0,003) spectrometry

(cf. {a])

(VIIID), 3(0,014) 100 13 (IX) 76 28 isg MR, mass
0,5(0,002) ?l%l*(,] 6}(—)7 spectrometry

Crer” (ct. [51)
(X, 3(0,014) 150 | 20 | Starting | - 49-50
2(0,0052) ketone 1s
(XD), 4,5(0,02) 200 10 (VI + (X) 90% 49 F NMR, GLC
17 (0,054) 1:1 iz~

ture

TABLE 2. Isomerization of (XII), (XIV), (XVI), (XVIII), (XXI),
and Indices of Products Obtained

> s¢ c F{omlldi rad
Starting o = 2 N alculated ™ | Chemical
compound ) e 3 G| o S, formula
g (mole) &~ 20 0F |& 8 | 28] ¢ |7
72 (3] A > | @ 9o
(X11}; 7,0 12,C 150 8 (XTI 83|29-32] 1831 - -
(0.03) (0,086)
(X1v); 150 21,0 100 6 (XV) 81|530-51| 1824 | 24,28 | 64.88 CoFre0
(0,05) 0.1 94,49 | 64,63 | O 10E
XVi}; 3,0 3,7 100 9 (XVID) | 80|72-74} 18231 24,08 | 6584 C-FryO
0.01)  [(0,02) 24,42 | 6627 | T
(XVIi1); 34,0 50,0 150 8 (XIX) 6557-58| 1801 | 23.91 | 6460 |
| = CsF102
(0.12) 0,2y | . 24,49 | 64,63
{(XX1); 11,8 16,0 100 20 (XIX) 96{57-58| 1801
(0,04) (0,07)

In the present work, we studied the behavior of a number of fluorine-containing car-
bonyl compounds and a-oxides upon the action of SbF;.

Perfluoro(4-methyl-2-pentanone) (VI) readily cyclizes upon heating with SbF; at 100°C
for 7 h to give perfluoro(2,4-dimethyloxolane) (VII).

CF, CF,
v N

CF3—C—CF,—CF SbFs CF—CF,

i \ 100°, 7h PN

) CF, 0 CF—CF,

AN
CF,
(V1) (V1D), 849%

The cyclization of linear perfluoro-2-pentanone (VIII) is accomplished with consider-
ably greater difficulty. Upon heating at 100°C for 13 h in the presence of SbFs;, the con-
version of (VIII) does not exceed 2-3% but the use of the G F.CF,/SbF. system gives the
conversion of (VIII) to perfluoro(2-methyloxolane) (IX) under the same conditioms.
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CF,

7 AN
CF3—C—CFy—CF,—CF, STCR/SbE CF—CF,
il 100°,12 h / N
0 0 CF,
N
CF,
(VIIN) (1X), 76%

Attempts to carry out this reaction for perfluoro(2-methyl-3-pentanone) (X), perfluo-
1o(2,6,6-trimethyl-3-heptanone), and perfluoro-2-octanone were unsuccessful. Under compa-
rable conditions featuring heating at 150-170°C for 20-30 h, the starting compounds were
recovered unchanged.

Thus, these results permit us to determine the limiting conditions for this reaction.
The electrophilic cyclization of oxo- and epoxyperfluoroalkanes is accomplished with the
obligatory participation of the terminal CF,; group only in cases leading to the formation
of a five-membered ring.

The exclusive formation of oxolanes is especially clearly seen in the behavior of
perfluoro(4-methyl-2-pentene) oxide (XI). According to Zapevalov et al. [3], (XI) isomeri-
zes upon heating to 200°C in the presence of SbF; to give a 1:1 mixture of (VI) and (X).
According to our data, a 1:1 mixture of (VII) and (X) is formed quantitatively upon the
action of freshly distilled SbF.; on (XI) under the same conditions.”

CFs CFy N
SLF; N
NCF_CF—CP—CF, 2%, cFCF, +  CF—C—CiF;
e N 200°, 10 h AN s 1
CFy 0 ¢F, UF—CF, CF O
\\O//

(XD (VII) (X)
(90% mixture)

Independently of the question whether (VI) and (X) are formed initially or the isom-
erization of (XI) to (VII) occurs directly without intermediate formation of a ketone, the
cyclization proceeds only when the formation of a five-membered ring is possible.

Perfluoro(e-diketones), R;C(0)C(0)CF; (Rp = C,F5, n-CiF;, 1-C3F,, C(CF,y);) cyclize in
the presence of SbF; at 100-150°C to give substituted perfluoro-3-oxolancnes or 2-trifluor-
oacetylperfluorooxolane (for Ry = n-CF,).

CFy 0
b ‘\ /
CF3—C—C—CyF; 5% CF—C
o 150°, sh / \
00 0 CF,
A4
CF,
(XI1) (XI11), 839,
CF,y CF, 0
e 3 N 7
CFy—C—C—CF S CF— c/
b . 100°, 6 h N
0O 0 CF; 0 CF—CF,
N/
CF,
(X1V) (XV), 819
CF, CF, 0

ShE, AN /
CF3—C_~C_.C_/_CF3 __SpBs crc” cr,
! AN 100°, 891 Va N
00 CF 0 c

N oSN\
C 2 CF3
XVl (XVII}, 80%
ShF;
CF3—C—C—CF3;—CF;—CF; Y CF3—C——CF—CF,
“ i 150°, 8 It i / AN
0 0 0O O CF.
N, S
CF,
(XVIII) (XIX), 65%

*A mixture of (VI) and (X) is indeed formed upon the action of undistilled SbF; on (XI) in
accord with the data of Zapevalov [3].
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TABLE 3. Mass Spectra of Starting (XIV) and (XVI) and Pro-
ducts (XIII), (XIX), (XV), (XVII), (VII), and (IX)

Compound mfz (1, %)

(IX) [M*+] 294 (1,5); [CJF,0T*, 197 (25,7); [CoFS*, 169 (13,1); [CaFs*,
131(3,8); [CoF501*, 97, (24,6); [CFs]*, 69 (100)

(XVI) [M—CCCF3)*, 247 (24,5); [CaFs]*, 181 (4,8); [CaF50]*, 159 (12,2);
|C2F30]+ 97 (24,3); [CFs}*, 69 (100)

(XI1Ty M+, 244 (4,5); [M—COFT*, 197 (2,0); [CsF.1*, 169(2,5): [C4F30.),
125'(2,4); [CaFaJ*, 100 (100); [CaF50]F, 97 (15,8); [CaFOu]*, 75(2,3);
[CF3]*, 69(35,4)

(XIX) M+, 294 (0,4); [M—FJ*, 275 (1,9); [CF,0FF, 197 (26,0); [GoF.1*,
169(37,6); [CsFs}+, 150 (1,4); [CoFal*, 100(13,7); [CF,COT*, 97 (11,2);
[CF3], 69 (100)

(XV) [M—COF], 247 (2,1); [CoFg]*, 150 (100); [CsF,]*, 131(26,5); [CaF305]*,
125 (7,5); [GoFal*, 100 (57,1); [CF3COTF, 97 (13,1); [GFOs), 75 (1,9);
[CF,*, 69 (36,1)

(XVII) [M*], 344(1,5); [M—F]*, 325 (1,7); [CaFL]*, 200 (100); [C,F,]*, 181 (67,3);

[C.F50*, 159(10,5); [CoFi¥], 150(9,8); [CoFsl*, 131(32,7): [CoF40a)*,
125 (10,0); [CoFLOFF, 97 (16,5); [CeFsl*, 100 (6,2); [CoFOLJ*, 75 (8.6);
[CFs]*, 69 (96,7)

(V1D [M—FJ*, 297 (15,4); [M—CF3}*, 247 (5,0); [CiFo)*, 219 (16,7); [CaFu]*,
200 (15,2); [CaF.]*, 181 (42,19); [CsFe}*, 150 (14,0); [CsFs]. 131 (60,6);
[CoFa]*, 100 (12,3); [CF3]*, 69'(100)

(1X) | [M—FJ, 247(2,2); [M—CFy]*, 197 (4,6); [CoFs]*, 169(23,7); [CaFel*,
150 (12,4); [CoFs]*, 131(15,3); [CoF.}*, 100 (25,5); [C.F50}F 97 (29,2);
[CFy*+, 69 (100)

Clearcut behavior is found in the cyclization of a-diketones as in the case of mono-
carbonyl compounds. Ring formation requires the presence of a CF, group on one end of a
chain consisting of five atoms and a carbonyl oxygen atom on the other. Independently of
the structure of perfluoroalkyl substituent, the carbonyl group not participating in the
cyclization must be either in the ring or outside the ring in a trifluoroacetyl fragment.
If this rule is violated, the cyclization does not proceed at all as seen in the case of
perfluoro-2,3-octadione (XX), which does not cyclize under comparable conditions and under-
goes considerable decomposition under more vigorous conditions.

ShF;

CF3—C-C—C5F]1 1_500>,<IG—.K B

o
00

(XX)

The first reaction step in the cyclization of perfluorinated ketones or a-diketones
is apparently the electrophilic attack of SbF; on the carbonyl group oxygen atom, leading
to a carbenium site. The next step features isomerization of the secondary carbocation
into a primary carbocation with subsequent intramolecular alkylation at the oxygen atom
(scheme 1).

The driving force for the isomerization is the generation of a cation stabilized by
the interaction of the vacant orbital of the carbon atom with the p-electrons of the two
geminal fluorine atoms.

Scheme 1
ShF, F
CFs—CF-—CFz-—C——CFs —>- [CF:{—-CF—CFQ‘— C—CFg Fon
| I | | €
CF; 0 CF; OSbhF;
(VI)
F CF,
=) | AN
+5~-» CF3—CF—CF3—C~-CF; — CF—CF,
} l © —SbFs Py AN
CF; OSbF; cF, CF—CF,
N 0/

(VII)
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TABLE 4. 1SF NMR Spectral Parameters for Compounds Obtained*
Compound S, ppm , J, Hz*
7 CF§’ , ,
< > 3,5 (FB), 5,6 (3FD), 17,7 (FA), 45,2 (F), 47,8 (FB), 56,1 (F &)
Ta_p =185 Jp_pe=290; Jpy_, =12 J; 5 =10
/XH_T/
CFy O . b .
A 4, —1,2 (3F); 1,3 (3FP); 40,7 (F2); 105,1 (Fdy;
s | Jpeqg=1% JB—d——10
i [}
Y b —8,4(F*)
FB g7 O 8,4( B 0Ty p =142
trans 6,8 (F%)
(XY}
LG 3 b —1,4(3F%; 0,7 (3FP), 37,5 (F%); 102,4 (FI);
e i Tpeg =10; Jp-c =95
< : 4,7(F4
B 2 —4T1( B)}JA_B:157
cis 3,1(F )
(x7)
cFy B
-4 3 gp —12,2(6F%); 49(3Fb) 42,4 (F3); 0,4 (FY)
e N =9,0; =80 o #B)[Ta-B =170
[ J :a
rd g ‘
{3V}
P snby. ay. & A)
—qu('-’F ) 4179(F ) 59,0 {FB 7 .- 248;
50,6 (FB)
52,5 (FA) o T,2(FY)
! cib T e g = 258; VT e g =130
49,1 (FBy["4—B 8,1 (FB") [ A—B

*The spectra are highly coupled multispin systems. These
spectra were not calculated. The table gives the differences
of the corresponding frequencies.

“*The assignment of the signals for the cis and trans isomers
for (XV) was carried out using the constants for throughspace
coupling J, . = 9.5 Hz (cis) and <1 Hz (trans).

The isomerization of the secondary carbenium ion to a primary carbenium ion is most
likely accomplished by the direct attack of the cationic site on a fluorine atom of the
trifluoromethyl group and not by the consecutive migration of a fluorine atom alomng the
chain. At least the formation of oxolanone (XVII) from diketone (XVI) unequivocally indi-
cates the actual migration of a fluorine atom through space since the presence of a quater-
nary carbon atom excludes migration along the carbon chain. This hypothesis is also sup-
ported by the facility of the cyclization of the ketones and a-diketones with a branched
chain in comparison with linear analogs.

The isomerization of oxiranes to oxolanes described above apparently proceeds through
an analogous mechanism except that the initially formed secondary carbocation is generated
by means of electrophilic attack of SbF; onto the oxygen of the c-oxide (scheme 2).
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Scheme 2

CF, - CFs CF;,\
N ® ®
\CF—CF——CF—CF3 E; CF—C{"——CF—CF:,» + /CF—?Fv—CF-«(,Fa
' | 2 €]
CF3/ \O/ CFS/ OSbFs CF, OSbhF;
(XD '
F , CF3 CFB\
AN
C(I?g—CF——(IJF—CF——CFs ! _S—bF) (}F—(}\F‘g /CF-—(‘?—02F5
@ —_ s
Cng (l)SbF5 CF, CF—CF, CFy o}
‘\6/

(VD) (X)

The tendency to five-membered ring formation is clearly seen also in the recycliza-
tion of perfluoro(2-methyl-3-oxolanone) (XXI),* which undergoes ring contraction upon the
action of SbF; and isomerizes to give perfluoro(2-acetyloxolane) (XIX).

Sh¥s
@ —10—20—* CF3—~C—CF--CF,
g7 N\0 0%, 20h VWA
8 . 0O 0 CF,
CFj3 (ZXT)
CF,

In conclusion, we should note the promoting role of perfluorotoluene in these reac-
tions. When the CyF.CF;/SbF, system is used as the isomerization catalyst, the initial step
is apparently attack of the perfluorobenzyl cation on the oxygen atom of the carbonyl group
or oxirane ring. The greater facility of formation of oxonium or carbonium ions upon the
attack of a positively charged species in comparison with the neutral SbF; molecule as well
as the approximation in energy of the vacant 2p orbital of this cation and the occupied 2p
orbital of the oxygen atom are possible factors facilitating the interaction of the per-
fluorobenzyl cation with the oxygen atom in these compounds.

EXPERIMENTAL

The 1°F NMR spectra were taken on a Bruker WP-200 SY spectrometer using CF,CO,H as the
external standard. The chemical shifts are given in ppm, while the coupling constants are
given in Hz. The Raman spectra were obtained on a Ramanor spectrometer with excitation by
an argon laser at 514.5 nm. The mass spectra were obtained on a GV7070E mass spectrometer.
The energy of the ionizing radiation was 70 eV.

Isomerization of Perfluoroketones, Perfluorodiketones, and Substituted Perfluoro-
oxiranes by the Action of SbF. (typical procedure). A mixture of the starting compound and
SbF; was heated in a sealed glass ampul. The ampul was then cooled to -196°C and opened.
The reaction mixture was poured into concentrated sulfuric acid and distilled over concen-
trated sulfuric acid. The isomerization conditions and indices of the compounds obtained
are given in Tables 1 and 2. Reaction products (III), (VII), (IX), and (V) were identified
by 1F NMR and Raman spectroscopy and mass spectrometry. The reactions of (I) and (XI) were
carried out in an autoclave.

The mass spectra of the compounds obtained as well as several starting reagents (for
comparison of the decomposition) are given in Tables 3 and 4. The mass spectra of the
perfluorooxalanones differ markedly from the spectra of the corresponding starting a-dike-
tones. The decomposition of the cyclic molecular ion, in general, proceeds along two path-

ways:

*A sample of (XXI) was kindly supplied by Chemical Sciences Candidate V. G. Poludnenko.
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!‘ CF'; 0 I+ )
\CF—C/ X 1 /:CF—ECXL‘—IL [CF‘.!“?~—CEOJ+ (mfz 125)
e N/ / ;
0 C o _.
N / \ \ —CF,CFOCO x
L \bF{ YJ N [CF2:C/

X=Y=FXI); X=FY =CF; (XV); X == Y = CF; (XVII).

The first fragment and product of its subsequent decomposition [FC(0)-C=0]" (m/z 75)
are the same for all three compounds, while the second fragment is specific. The corre-
sponding ions in all cases have 100% intensity. The smaller fluorocarbon fragments may be
seen as products of subsequent decomposition of [CF,=CXY]*" ioms.

The mass spectra of the other compounds are much more similar to the spectra of the
starting isomers. Ring opening and subsequent fragmentation similar to the fragmentation
of the ketones apparently occurs to a great extent upon electron impact. Nevertheless, the
enhanced content of olefinic fragments (C,Fg, C3Fg, and G,F, in the case of (VII), C,;F; and
C,F, in the case of (IX), and C,F, in the case of (XIX)) is in accord with the general rules
for ring decomposition [6] and supports the proposed structures.

The !°F NMR spectra are given in Table 4.
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