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On the Isolation and Characterization of
Methyl(trifluoromethyl)dioxirane

Summary: The title dioxirane 1f, generated by the reac-
tion of CF;COCHj with potassium peroxomonosulfate, has
been isolated and fully characterized spectroscopically; it
displays a remarkable reactivity in oxygen transfer reac-
tions.

Sir: Isolable! dioxirane species (the smallest ring peroxides
containing carbon)? are known. As an alternative to steric
stabilization effected by alkyl groups,'™ we wished to try
“glectronic stabilization”, often exhibited by the tri-
fluoromethyl group on highly strained compounds.> Di-
oxiranes 1 and their isomeric counterparts “carbonyl
oxides” 2 have been shown to be involved as key inter-
mediates in a number of oxidation processes.®® Only
recently, however, did it become possible to provide
spectral data and reactivity tests that allow one to dif-
ferentiate between these elusive entities,1=%1!
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a, '/R=2R=H;b,"R=2R=CHg; ¢,'"R=2R=Ph; d, 'R=R=CFj;
e, '/R=Ph, 2R=CF,4

(1) (a) Murray, R. W.; Jeyaraman, R. J. Org. Chem. 1985, 50,
2847-2853. (b) Murray, R. W.; Jeyaraman, R.; Pillay, M. K. Ibid. 1987,
52, 746-748 and references.

(2) Curci, R. In Advances in Oxygenated Processes; Baumstark, A. L.,
Ed.; JALI: Greenwich, CT; Vol. 2, Chapter 1, in press (a review).

(3) Cassidei, L.; Fiorentino, M.; Mello, R.; Sciacovelli, O.; Curci, R. J.
Org. Chem. 1987, 52, 699-700.

(4) Adam, W.; Chan, Y.-Y.; Cremer, D.; Gauss, J.; Scheutzow, D.;
Schindler, M. J. Org. Chem. 1987, 52, 2800-2803.

(5) (a) Kobayashi, Y.; Kumadaki, I. Acc. Chem. Res. 1981, 14, 76~82.
(b) Mahaffy, P. G.; Visser, D.; Torres, M.; Bourdelande, J. L.; Strausz,
O. P. J. Org. Chem. 1987, 52, 2680-2684. (c) Adam, W,; Liu, J.-C,;
Rodriguez, O. J. Org. Chem. 1973, 38, 2269-2270.

(6) (a) Edwards, J. O.; Pater, R. H.; Curci, R.; Di Furia, F. Photochem.
Photobiol. 1979, 30, 63-70. (b) Curci, R.; Fiorentino, M.; Troisi, L.;
Edwards, J. O.; Pater, R. H. J. Org. Chem. 1980, 45, 4758-4760. (c) Cicala,
G.; Curci, R.; Fiorentino, M.; Laricchiuta, O. J. Org. Chem. 1982, 47,
2670-2673. (d) Curci, R.; Fiorentino, M.; Serio, M. R. J. Chem. Soc.,
Chem. Commun. 1984, 155-156.

(7) (a) Jeyaraman, R.; Murray, R. W. J. Am. Chem. Soc. 1984, 106,
2462-2465. (b) Kumar, S.; Murray, W. Ibid. 1984, 106, 1040-1045. See
also references.

(8) Bailey, P.S. Ozonization in Organic Chemistry; Academic: New
York, 1978; Vol. 1 and 2 and references quoted therein.

(9) (a) Lovas, F. J.; Suenram, R. D. Chem. Phys. Lett. 1977, 51,
453-456. (b) Suenram, R. D.; Lovas, F. J. J. Am. Chem. Soc. 1978, 100,
5117-5122. (c) Martinez, R. L; Huie, R. E.; Herron, J. T. Chem. Phys.
Lett. 1977, 51, 457-459.

(10) (a) Ganzer, G. A.; Sheridan, R. S.; Liu, M. T. H. J. Am. Chem.
Soc. 1986, 108, 1517-1520. (b) Dunkin, I. R.; Shields, C. J. J. Chem. Soc.,
Chem. Commun. 1986, 154-156 and references.

(11) (a) Sander, W. W. Angew. Chem., Int. Ed. Engl. 1986, 25,
255-257. (b) Sander, W. W. J. Org. Chem. 1988, 53, 121-126.
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The trifluoromethyl group can be expected to influence
the stability of the small ring in several ways. For one, by
drawing electron density from the negative oxygen pole
toward the a-carbon, it would discourage formation of
dipolar isomers 2; then, any reaction that is initiated via
carbon—oxygen bond rupture in 1, e.g., dimerization to
1,2,4,5-tetraoxane (“ketone diperoxide™),! would be unfa-
vored.

The title compound 1f was synthesized by the known
ketone/caroate method,!™ starting with trifluoroacetone
(3).12 In order to isolate the dioxirane, we followed a
published procedure,’* which was only slightly modified
to suit the case at hand.!* Thus, we were able to collect
yellow solutions of 1f in the parent ketone having con-
centrations ranging from 0.65 to 0.82 M.!* This is over
6 times higher than the concentrations of dimethyl-
dioxirane (1b) solutions usually attainable by using the
same general procedure.l™

The novel dioxirane has a UV absorption with A,, 347
nm (¢ ~9, at 0 °C) that, characteristically,! 10 tails into
the visible to over 440 nm (hence its yellow color); it might
be ascribed to n—7* excitation.2!® Dioxiranes should not
exhibit strong infrared bands;'>!® however, in the difference
IR spectrum (vapor phase) of 1f, significant absorption
could be located at 1259, 1189, 971 (w), 839 (w), 731 (w),
and 669 (w) cm™.1% By way of comparison, the difference
IR spectrum of dioxirane le (generated from PhCCF; via
carbonyl oxide 2e in oxygen-doped argon matrix) presents
bands at 1213, 944, 720, 684, and 643 c .11 The salient
NMR spectral data of 1f are summarized in Table I; a
comparison with those already reported for 1b (and for 1d)
corroborates the dioxirane structure. Interestingly, 1d (UV
absorption with A,,, 306 nm, extending into the visible)*’
appears to have been generated by the reaction of fluorine
gas with the dilithium or the monolithium salt of hexa-
fluoroacetone hydrate, (CF3),C(OH),."

The yellow solutions of 1f could be stored at —20 °C with
only minor loss of dioxirane content (~6%, 48 h); the
decrease in peroxide titer was ca. 30% during 120 h at 0
°C, while a half-life of ~20 h was estimated at 15 °C.1®
Thus, the stability of 1f appears to be at least comparable
to that of 1b.1* However, in contrast to the dimethyl-
dioxirane case,! the loss of 1f in solution does not lead to
the formation of the corresponding ketone diperoxide
dimer in any significant extent; rather, NMR analyses
showed that the {exothermic) decomposition of 1f yields
mainly methyl trifluoroacetate (CF;COOCH;) and tri-
fluoroacetic acid (the hydrolysis product of the latter).!%%

(12) Commercial (Aldrich) 1,1,1-trifluoro-2-propanone: bp 22 °C; at
-20 °C, pure liquid; '"H NMR (Me,Si) 5 2.44 (s); °F NMR (CFCl,) 6 -80.4
(s); BC(IH) NMR (Me,Si) 6 23.78 (s, CHy), 117.1 (q, CF;, }J = 291 Hz),
190.3 (q, C=0, 2J = 36 Hz); "0 NMR (H,0, external) § 577.7; IR (vapor)
1781 (C1=O stretch), 1434, 1376, 1329, 1225, 1163, 1115, 1024, 968, 724,
614 cm™.

(13) Batch temperature 5-8 °C, no carrier gas, slight aspiration (water
pump, 680-700 mmHg), spiral condenser cooled at =75 °C.

(14) Both iodometry and reaction with PhSMe (\H NMR analysis) (cf.
ref 4) were employed to estimate the dioxirane content of solutions,
affording the same results within £3%. The NMR spectra (Table I)
indicated that 1f was the only peroxide species present in solution.

(15) Gauss, J.; Cremer, D. Chem. Phys. Lett. 1987, 133, 420-424 and
references.

(16) Solutions of 1f in trifluoroacetone (3) and, separately, the pure
solvent were vaporized at 22 °C into an 8-cm gas-sampling cell (KBr
windows) and FT IR spectra run on a Perkin-Elmer 1710 spectropho-
tometer; difference spectra were then obtained on a connected P.E.
PC7350 data acquisition unit.

(17) Talbott, R. I.; Thompson, P. G. U.S. Patent 3632606, 1972.

(18) In order to obtain reproducible decomposition data, it is impor-
tant that impurities and trace metals be carefully excluded (cf. ref 6).

(19) We find the following for methyl trifluoracetate (bp 43 °C): 'H
NMR (CF;COCHj,, Me4QSi) 5 4.00; °F NMR (CF;COCHj, CFCly) 6 -75.56.
Trifluoroacetic acid: *F NMR (CF;COCHj;, CFCl,) 6 —76.36.
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Table I. NMR Chemical Shifts® of Some Dioxiranes 'R2RCO,

5F NMR
compd R R temp, °C H NMR 13C{'H} NMR [0 NMR] ref
b CH, CH, 0 165 (5) 22.6 (CHy) 134
102.2 (>CO,) 1302 (s)]°
1d CF, CF, - - -76.8 (5)° 17
1f CH, CF, 20 1.97 (s) 14.51 (CH,)? this
97.32 (>CO,)%¢ [297 (s)}# work”
122.2 (CF3)%f -81.5 (s)

s Chemical shifts (8) in parts per million are relative to Me,Si for 'H NMR (200 MHz) and for 3C NMR (50.309 MHz, unless noted
otherwise); in 170 NMR (27.120 MHz, unless noted otherwise), chemical shifts were measured from external Me,C=0 and referred to H,0
(cf. ref 3), while *F NMR (188.220 MHz) 6 are relative to internal CFClg; a Varian XL200 instrument was employed. bAvl o = 113 Haz.
¢Compare (CF3),C=0: F NMR (MeCN, CFCl;) 6 ~76.1 (Redwood, M. E.; Willis, C. J. Can. J. Chem. 1967, 45, 389-395). ¢At 100 577 MHz
(Bruker AM400). ¢Quartet, Jecr = 40.2 Hz. fQuartet, Jop = 280.7 Ha. £ At 54.227 MHz (Bruker AM400); Apyjp = 270 Hz. *In all of the
NMR experiments, it was verified that the resonance signals attributed to the dioxirane instantly disappear upon quenching of the reactive

peroxide in solution with PhSCHg (cf. ref 4).

The screening of the reactivity presented by 1f in se-
lective oxidations of organic substrates has begun. We find
that this dioxirane is able to perform the effective oxygen
transfer reactions reported for dimethyldioxirane,! but at
a much higher rate. For instance, phenanthrene could be
converted by 1f into the corresponding 9,10-oxide! effi-
ciently (80% conversion, 293% yield) within just 5 min
at —20 °C; by way of comparison, we observed that 50%
conversion of the said arene into the same epoxide requires
about 20 h at 22 °C by using 1b.?! As for alkene ep-
oxidations, dioxirane 1f reacts rapidly (ca. 1 min, at —20
°C) and in a completely stereospecific manner with cis-
2-octene and trans-8-methylstyrene to form cis-2,3-ep-
oxyoctane? and trans-3-methylstyrene oxide,” respectively
(vield 290%).2! Product isolation is attractively simple
since trifluoroacetone (3) (the solvent and the reduction
product of 1f) is quite volatile. Efficient oxidations of
saturated carbon C-H bonds can also be performed; as an
example, cyclohexane reacts readily with dioxirane 1f so-
lutions at —20 °C by a 1:2 stoichiometry, yielding cyclo-
hexanone (295% yield, 30 min).?! Under similar condi-
tions, during ca. 45 min, n-heptane is oxidized (30% con-
version, ~95% yield) by 1f to yield a mixture of 4-hep-
tanone (20%), 3-heptanone (40%), and 2-heptanone
(40%).%

We shall soon report in detail on more cases which will
further illustrate the finding that, in performing selective
oxidations, dioxirane 1f is remarkably more reactive than
dimethyldioxirane (1b). It is unlikely that this is due solely
to solvent effects (i.e., trifluoroacetone (3) vs acetone).
Rather, the considerable difference in acid strength ex-
isting between (CF,;)(CH3)C=0*H (pK = -14.9) and
(CH,),C=0%H (pK = -7.6)* suggests that it should be
ascribed to the better leaving-group ability of CF;COCHj,
with respect to acetone (and to incipient charge separation
in the transition state) during nucleophilic displacement
at the dioxirane O-O bond (electrophilic oxidation).%

(20) The decomposition kinetics of 1f (iodometric titer) at 0 °C ap-
pears to follow a mixed first-order and second-order rate law; this suggests
that the decomposition might also involve some oxygen production, i.e.,
21f — 2(CHg}{CFg)C==0 + O, (cf. ref 6).

(21) Reactions were monitored and product yields determined by GC
(OV 101 or SE 30, 30 m X 0.25 um i.d. capillary column, internal standard
CFC1,CFCl,) or HPLC (reverse-phase, 10 um C-18, 25 cm X 4.6 mm i.d.
analytical column, MeCN/water or MeOH /water); the reaction products
were identified upon comparison of their *H NMR and/or GC/MS
(Hewlett-Packard 5970) spectra with those of authentic samples.

(22) Bp 70-72 °C (18 mmHg); 'H NMR (CDCl;, Me,Si) 6 0.88 (t, 3 H,
CH,4(CH,),, J = 6 Hz), 1.25 (d, 3 H, OCHCHj, J = 5.5 Hz), 1.26-1.48 (m,
8 H, (CH,),), 2.87 (complex m, 1 H, C;H;;CHO), 3.02 (d of q, 1 H,
CHOCH Ha, JHCH = 5. 5 JHH(CIS) =43 HZ)

(23) Audier, H. ﬁj Dupm J. F.; Jullien, J. Bull. Soc. Chim. Fr. 1966,
2811-2816.

(24) Levy, G. C.; Cargioli, J. D.; Racela, W. J. Am. Chem. Soc. 1970,
92, 6238-6246.
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Then, it is perhaps not surprising that doxirane 1f should
be so “ripe”® for oxygen transfer to organic substrates.
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(25) Our group has given this reactive species the laboratory name of
Mello (“mellow”) dioxirane.

Rossella Mello, Michele Fiorentino
Oronzo Sciacovelli, Ruggero Curci*
Centro CNR “MISO”

Chemistry Department

University of Bari

Bari, Italy 70126

Received April 1, 1988

Enzymic Regioselectivity in the Hydroxylation of
Cholesterol Catalyzed by a Membrane-Spanning
Metalloporphyrin

Summary: The hydroxylation of simple alkanes and the
selective C-25 hydroxylation of cholesterol have been
achieved with a membrane-spanning Mn(I1I) porphyrin
positioned in a synthetic bilayer assembly by appended
steroidal substituents.

Sir: Cytochrome P-450 enzymes occur widely in nature
and function as the monooxygenation catalysts of many
lipophilic compounds. Among the oxidations this enzyme
catalyzes, perhaps the most unique is the hydroxylation
of saturated hydrocarbons. This reaction is important in
the conversion of natural substrates such as cholesterol to
corticosteroids and in the hydrophilization of foreign
compounds such as petroleum products.! It has been
shown in recent years that synthetic iron(III) and man-
ganese(III) porphyrins are capable of mimicking the hy-
droxylation activity of the natural enzyme.?® Although

(1) See: Cytochrome P-450; Ortiz de Montellano, P. R., Ed.; Plenum:
New York, 1986.

(2) Groves, J.T.; Nemo, T. E. J. Am. Chem. Soc. 1983, 105, 5786, 6243.

(3) (a) De Poorter, B.; Ricci, M.; Meunier, B. Tetrahedron Lett. 1985,
26, 4429. (b) Battioni, P.; Renaud, J.-P.; Bartoli, J.-F.; Mansuy, D. J.
Chem. Soc., Chem. Commun. 1986, 341.
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