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AH,
kcal mol™!
C,H,” + F,CCO,C,H, >
F,CCO," + C,H, + C,H, -52.2 (10)
C,H,” + F,CCO,C(CH,), >F,CCO,” +
H,C=C(CH,), + C,H, -50.0 1)

To determine if the exoergicity of reaction 10 would be sufficient
to effect the secondary decomposition of F;CCO, — F,C™ + CO,
observed in the reaction of the ethyl ester, we examined the
reaction of C;H;™ with the rert-butyl ester, F;CCO,C(CHj,);.
Here, again, a fast pseudo-first-order decay of C;H;™ was observed
(k= (1.3 £ 0.1) X 10 cm? molecule™! s7!)* along with the
formation of two product ions, F;CCO, (m/z 113; 18%) and
H,C=CHCH=C(—O")CF; (m/z 137; 82%). Significantly, no
ion signals due to F3C" or its addition adduct with the ester,
(F;C),C(—0")OC(CHj,);, 1 were observed. These data and the
striking similarities between the reactions in (10) and (11) lead
to the conclusion that the E2 elimination reaction of C;H™ with
F;CCO,C,H; would not yield F;CCO,™ with sufficient internal
energy to allow it to decompose to produce F;C™. Therefore, the
major reaction channel in the reaction of C;Hs™ with F;CCO,R
(R = CH; and C,H5) involves nucleophilic displacement of C,
of R, but carbonyl addition by the nucleophile is a competing
process.

The above discussion has assumed that F,C™ will not be formed
by decomposition of the carbonyl addition adducts 1. Adduct 1
will be produced energetically “hot” and fragment before they
are “cooled off” by collisions with the helium buffer gas. Con-
sidering the fragmentation channel where the F;C-C bond un-
dergoes heterolysis, a long-lived, ion—neutral collision complex 2
would result,!? While both exit channels (12) and (13) are overall
exoergic (see reactions 5 and 6), proton transfer via exit channel

FisC™ + HzC=CHCH2CO,R (12)

HaC==CHCH2CO,R
1* —

“CF3 .

2 HzC—CHCH—COR + HCFz (13)

(13) is favored by 215 kcal mol™!.” This thermochemical argu-
ment for fragmentation of 1 by reaction 13 is supported by the
observation that F3;C™ was not formed in the reaction of C;Hs~
with F;CCO,C(CH;); where carbonyl addition followed by
fragmentation of the adduct 1 was the principal reaction channel.

Therefore, we consider the source of the ion F,C in these
reactions to be excited F;CCO,~.1* Since the decomposition of
F,CCO,” — F;C + CO, (reaction 7) is strongly endoergic (38.8
keal mol™), we can expect it to occur only from the more exoergic
reactions leading to excited F;CCO, (reaction 4).* Such uni-
molecular decomposition will compete with stabilization by col-
lisions with the buffer gas (k,[He]).

The relatively low exoergicity (-57 kcal mol™) of the Sy2
channel in the reaction of H;CO™~ with F;CCO,CH; (reaction 1)
also suggests that F;C~ will not be formed by this channel. Thus,
the observation of F,C~ as a product of this reaction is believed
to arise by the carbonyl addition—anionic fragmentation shown
in reaction 2.
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(11) Formation of the adduct (F;C),C(—O0")OC(CHa), is the major re-
action channel in the reaction F;C~ + F,CCO,C(CH3;);. F5C" has a consid-
erably lower proton affinity (PA = 375.6 £ 2 kcal mole™)® compared to that
of C3H;™ (PA = 390.8 £ 2 kcal mole™!).®
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(13) The decomposition of F;CCOZ' has direct solution analogies in the
thermal decompositions of X;CCO, M salts and the base cleavages of esters
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sources for X,C + X~ See: Kirmse, W., “Carbene Chemistry,” 2nd. Ed.,
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Sweden, for synthesis of F;,CCO,C(CH,);.

Registry No. H,CO", 8315-60-4; C;Hy", 1724-46-5; F,CCO,CHj,,
431-47-0; F,CCO,", 14477-72-6; F,C, 54128-17-5; H,C=CHCH=
C(-O7)OCH,, 80462-73-3; H,C=CHCH=C(-O")CF,, 80462-74-4;
(F;C),C(-O7)OCH;, 80462-75-5; F,CCO,C,H;, 383-63-1; (CF;),C(-
0O7)OC,H,, 80462-76-6; F;CCO,C(CHj;),, 400-52-2.
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We report the isolation and characterization of a stable pseu-
dotrigonal-bipyramidal (TBP) 10-1-4! species with organic lig-
ands,?® periodonium trifluoromethanesulfonate (triflate) salt 1.3
Just as the familiar iodonium ion (an 8-I-2 species) can be viewed
as having been derived from an iodinane (a 10-1-3 species) by
heterolysis of a bond joining one of the three ligands to iodine,
a periodonium ion (a 10-I-4 species) can be viewed as having been
derived in this same way from a periodinane* (a 12-1-5 species).

R,IXs, — R,I*X,, + X

The periodonium ion of 1 is isovalent and isostructural with
sulfurane 2a° and the phosphoranide anion of 3a.5 Earlier studies

CF, CF, CF, CF, CF, CF,
o R o R o
I CF,80; p Li*

CF CF, E ‘
22 R=H 3a R:=H
b R=C(CH,), b R=CH,

of 2a,b*” and 3a,b%® provided evidence for the efficacy of the
bidentate ligand® common to all five structures in stabilizing
pseudo-TBP 10-X-4 species which contain hypervalent®’ nonmetals.
Sulfuranes 2a,b, in particular, are very stable compounds. In sharp
contrast to their acyclic analogues,!® they are inert toward aqueous
acid.™!!

The pictured structure for the periodonium cation 1 is consistent
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(or a stereoisomer)

with the °F NMR spectrum. Even at temperatures as low as —60
°C, the spectrum shows evidence for only two types of CF; peaks
as expected for 1. An X-ray crystallographic structure deter-
mination, to be published later,'? confirms the proposed distorted
TBP structure to be correct. The O-I-O angle is 162.8°.12
The synthesis of 1 is outlined in Scheme I. Preparations of
4513 and 56 have been described in earlier papers. Alkoxydi-
aryliodinane 6a!* was at first believed to exist as bicyclic 12-1-4
species 6 (or its trans isomer), species analogous to XeF,, a 12-
Xe-4 species. The °F NMR spectrum at room temperature shows
only a single sharp singlet.!* Low-temperature !°F NMR spec-
troscopy, however, shows the ground states to be unsymmetrical
(6a and 6b) with a AG* of ca. 12 kcal/ mol’S at the coalescence
temperature, —80 °C, for the two CF; singlets at 60 MHz.

CF CF
Q\Kc‘“ i >
CF,
p O = 3E = I
o b 0
CFg CFer, CF r,
6 6b

6a

Bromoperiodinane 7' provides the first example of a bond
joining bromine to iodine(V). It is stable for an indefinite period
at room temperature and does not react with atmospheric moisture.
It reacts with tetrahydrofuran or acetonitrile to give reduced
product 6a with bromination of solvent. The periodonium triflate
is, under the same conditions, inert toward these solvents. A
molecular weight determination by osmometry showed the triflate
to be almost completely dissociated in acetonitrile.> These ob-
servations indicate that the I-Br bond in 7 is covalent. Its re-
activity toward certain solvents and its insolubility in other solvents
have prevented us from obtaining NMR data to support the
proposed structure of 7.

The low electrophilicity observed for sulfuranes 2a,b finds a
parallel in the relatively low electrophilicity of the periodonium
ion of 1, despite the positive charge on iodine. The periodonium
ion does not react with water in aqueous tetrahydrofuran, ace-
tonitrile, or acetone nor with methanol or pyridine in acetonitrile.
It does react with stronger nucleophiles such as tert-butylamine
and hydroxide ion.

3
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(13) Amey, R. L.; Martin, J. C. J. Org. Chem. 1979, 44, 1779.

(14) Mp 200~202 °C; 'H NMR (CD;CN) § 7.58 (1 H, t), 7.76 (1 H, t),
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NMR (25 °C) (THF) 6 -76.23 (12 F, s); YF NMR (-80 °C) -72.93 (12 F,
brs); ’F NMR (-100 °C) 6 -71.33 (6 F, 5), ~73.89 (6 F, s); mass spectrum
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The reaction of tert-butylamine with 1 in acetonitrile provides
a compound whose 'F NMR spectrum is consistent with a
structure such as 8.7 Reaction of 1 with tetraethylammonium

CF,CF, F,CF,
2 (CH,),CNH, 2 OH" |
@@A{c (CH,);, *————— 4 — 1/00-
b-' H 2 HY 2 H* CF,
CF,
¢F, CF, 9
8

hydroxide in acetonitrile forms a compound whose '°F NMR
spectrum is consistent with a structure such as 9.'¥ Both 8 and
9 react with acid to regenerate 1. It has not yet been possible
to isolate 8 or 9 as pure crystalline solids. Further work on these
and related reactions with nucleophiles is in progress.
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(17) F NMR (CH,CN) 5 -72.97 (2.9 F, q), -73.48 (3.5 F, q), -74.35
(29 F, q). 7542 (28 F, )
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Reactive oxygen intermediates generated in aqueous environ-
ment are responsible for many of the reactions observed in bio-
logical and chemical systems. It is a difficult task to determine
which intermediate(s) is involved in a particular system. The
utilization of nitrone spin traps! has proved useful for the iden-
tification of the hydroxyl (-OH) and superoxide (O,") radical
intermediates.? In 1975, Ching and Foote® demonstrated that
cyclic nitrones quench !0, in CDCl;. We extended these results
to aqueous medium and demonstrated that nitrone spin traps react
with singlet oxygen (10,) in water* with rate constants of ~ 108
M-t 5"l This reaction is readily followed by oxygen uptake
measurements and demonstrates that nitrones can effectively be
utilized in the detection of these three major oxygen intermediates.

A major diagnostic for 'O, in aqueous medium has been the
quenching of 'O, by the azide anion, N5~* A kinetic study* using
oxygen uptake revealed that N5~ quenches the reaction between
nitrones and 0, with a rate constant k = 1.5 X 10° M"! s°!
(compared to literature value of 2 X 10° M1 s71).¢ The mech-
anism of this quenching is considered to proceed through a
charge-transfer complex® (O, «N;). This communication gives
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