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large enough to explain the very low yield of phenylglyoxylic
acid and the high yield of benzoic acid, unless one of the
chromium intermediates, Cr(IV) or Cr(V), had a much higher
selective preference for the keto acid. We oxidized m-
methylmandelic acid in the presence of phenylglyoxylic acid,
assuming that a m-methyl substituent will have only a mini-
mal effect on the reactivity of either the hydroxy or the keto
acid and will therefore serve as a noninterfering label. The
results in Table II show that the yields of m-toluic acid are
only slightly reduced and those of m-tolylglyoxylic acid only
slightly increased if an equivalent amount of phenylglyoxylic
acid ((0.5 mol/Cr(VI)) is added. The yields of benzoic acid are
in good agreement with calculated values based on the relative
reactivities of phenylglyoxylic and m-methylmandelic acids
toward chromium(VI).

Our results provide convincing evidence that neither
benzaldehyde nor phenylglyoxylic acid is an intermediate in
the formation of benzoic acid. In order to explain the forma-
tion of benzoic acid one has to postulate that it is formed
through a reactive intermediate of a higher oxidation level and
the formation of which involves the breaking of the carbon-
hydrogen bond. Both requirements are met by CeHsC=0 or
CgHsC=0", either of which can be formed in a three-electron
oxidation of mandelic acid.
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The only known example of a three-electron oxidation of
a single molecule is the recently reported oxidation of 2,7-
dihydroxyheptanoic acid,? in which the two reacting centers
are separated by a long chain of methylene groups. The
chromic acid oxidation of mandelic acid represents the first
example of a three-electron oxidation of a molecule in which
a C-C and a C-H bond on the same carbon atom are broken
simultaneously in the rate-limiting step.

The free-radical intermediates formed in the rate-limiting
step would be expected to reduce chromium(VI) to chrom-
ium(V). In order to account for the observed reaction products
one must assume that chromium(V) [directly or after dis-
proportionation to chromium(VI) and chromium(IV)] will
oxidize mandelic acid to benzaldehyde and carbon dioxide

Cr(VI) + C¢H5C=O0 (or -COsH)
— Cr(V) + CeH5CO2H (or CO9)
CeH;CH(OH)COH + Cr(V)
— C¢H5CHO + CO3 + Cr(III)

This reaction sequence leads to the observed 1:1 benzoic
acid/benzaldehyde ratio.
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Trifluoroacetyl Triflate: An Easily Accessible,
Highly Electrophilic Trifluoroacetylating Agent

Summary: Trifluoroacetyl triflate (TFAT, 3) is easily pre-
pared and isolated. It is a powerful electrophile capable of
uncatalyzed trifluoroacetylation of reactive aromatic rings as
well as attack at chlorine of covalent chlorides and reaction
with other nucleophiles.

Sir: Studies of mixed anhydrides of carboxylic acids and tri-
fluoromethanesulfonic (triflic) acid (2) have shown them to
be extremely powerful acylating agents.! However, no reports
of perfluoroacyl analogues have appeared. Mixed anhydrides
of perfluorocarboxylic acids and fluorosulfonic acid have been
reported.23 The possible application of these in synthesis has
not been explored. Although salts involving the trifluoroa-
cetylium ion have been reported,* further work® showed these
not in fact to be acylium salts but covalent acyl fluoride
complexes.

Trifluoroacetyl triflate (TFAT, 3) is conveniently prepared
by the action of a threefold excess of phosphorus pentoxide
on an equimolar mixture of trifluoroacetic acid (1) and triflic
acid (2). The mixture is boiled for 2 h and distilled. A frac-
tional redistillation from phosphorus pentoxide gives triflu-
oroacetic anhydride (4, 23%, bp 37.5-40.5 °C) and TFAT (3,6
52%, bp 62.5 °C). Surprisingly, no triflic anhydride was ob-
served.
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Pure TFAT (3) is a colorless liquid which is stable indefi-
nitely at room temperature in the absence of moisture. It can
be repeatedly distilled from P,05 without any detectible
reequilibration to form the symmetrical anhydrides. It reacts
almost explosively with water, but does not react at room
temperature with the sterically hindered base 2,6-di-tert-
butyl-4-methylpyridine (5).7:8

The utility of 3 as a trifluoroacetylating agent is demon-
strated in the reaction with anthracene (6) to give 81%° of
9-(trifluoroacetyl)anthracene (7) when a mixture of 1.1 equiv
of 3 and 1.1 equiv of 5 were heated in benzene at 80 °C with
6 for 44 h. The mild conditions used for this reaction are to be

Ph,CCl + 3 — Ph,C* "OSO,CF, + CF,COCI
12 13 4

contrasted with those used previously by Pirklel0 for making
7, which involved heating anthracene with trifluoroacetic
anhydride in benzene at 200 °C for 15 h in a sealed tube to
vield 73% of the product.

Cyclohexanone is converted to enol ester 9 (72%) upon slow
addition to a mixture of 2 equiv of 3 and 1 equiv of 5 in dry
CH,Cl; at 0 °C.12 The trifluoroacetylation by 3 at atoms other
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than carbon also promises to be of synthetic utility, as in the
reaction with some covalent chlorides at chlorine. When 1.05
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equiv of 3 is added to 1 equiv of p-toluenesulfenyl chloride (10)
in 8 equiv of toluene with 1 equiv of 5 at 0 °C, 36%!2 of sulfide
11 is formed. When trityl chloride (12) is mixed with an excess
of 3 at 25 °C, it is quantitatively converted to trityl triflate

(13).13
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One driving force for these reactions at chlorine stems from
the high volatility of the trifluoroacetyl chloride (14) (bp —18
°(C), which is evolved from the reaction medium.
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The reactions cited above are simply illustrations of some
of the types of reactions which have been observed. Details
of other reactions will be reported in a later publication.
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Structure of Nitroarginine. A Nitrogen-15
Nuclear Magnetic Resonance Study

Summary: The methyl ester hydrochloride of NG-nitroargi-
nine exists in the nitrimine form in aqueous solution, as de-
termined by 15N and 'H nuclear magnetic resonance stud-
ies.

Sir: The NG-nitro protecting group for arginine was first
employed in 19341 and has since found broad application in
syntheses of arginine-containing peptides.2 However, the
structure of nitroarginine has eluded unambiguous assign-
ment. Four isomeric structures are conceivable for the guan-
idino portion of nitroarginine (1-4). Structure 1, a nitramine,
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was proposed when the first synthesis of nitroarginine was
described by Kossel and Kennaway.? But the nitrimine
structure 2 and nitramines 3 and 4 were not excluded. Other
early reports!4 also favored nitroarginine structure 1. Later
studies® of nitroguanidine and its derivatives based on dipole
moment, ultraviolet absorption, and pK, measurements in-
dicated a nitrimine-type structure {(cf. 2). Subsequently, both
structures 16 and 27 for nitroarginine began to appear in the
literature, and the confusion persists today.8

Nitrogen-15 NMR at the natural abundance level has be-
come a practical structure elucidation technique, and was
applied to the nitroarginine structural problem. This tech-
nique is unambiguous, and unlike earlier studies® does not rely
heavily on arguments concerning the relative contributions
of various zwitterionic and resonance forms.

Figure 1a shows the proton broad band decoupled natural
abundance >N FT NMR spectrum at 9.12 MHz of a 58 wt %
solution of NG-nitroarginine methyl ester monohydrochlor-
ide2b in water. The spectrum was obtained in a 10-mm sample
tube using a repetition time of 10 s. Chemical shifts are re-
ported in ppm upfield from external 1.0 M Nal5NOQOj3 in D50.
Five resonances were observed. Since the chemical shifts of
nitro groups generally fall in the range —30 to +60 ppm,® the
peak at 8.4 ppm arises from this group. The resonance at 138.5
ppm is due to the imino nitrogen atom. This rather unusual
chemical shift value will be discussed below. The three upfield
resonances are characteristic of amine-type nitrogen nuclei.?
The resonance at 335.6 ppm is readily assigned to the a-amino
group and is in good agreement with the value of 332.5 ppm
reported!? for the hydrochloride of arginine methyl ester itself.
The resonances at 281.0 and 293.1 ppm must then arise from
the two amine-type nitrogen atoms of the nitroguanidino
group.

Additional information concerning the structure of ni-
troarginine was obtained from the proton-coupled 15N NMR
spectrum. Figure 1¢ was obtained under conditions similar to
those employed for Figure 1a, with the exception that a gated
decoupling scheme was employed. The decoupler was turned
off only during the pulse and acquisition period in order to
obtain a coupled spectrum which retains the (negative) nu-
clear Overhauser effect. The resonance at 281.0 ppm was split
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