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Thallium(III) nitrate (TTN) is a versatile reagent for the
oxidation of a wide variety of olefinic and enolic groups, and
in almost all cases the exclusive or predominant reaction
pathway is oxidative rearrangement.? Occasionally, however,
nucleophilic displacement of the thallium substituent in the
intermediate oxythallation adduct leads to unrearranged
products (eq 1). This latter type of reaction appears to occur

oV
= N
m L
C=C — (—C —> Sv-C-C-Nu )]
solvent |1
AN
0.N0”  (ONoO,

most frequently when water or methanol is used as solvent
(i.e., Nu = Hy0 or CH30H), but we? and others*7 have noted
instances where nitrate ion participates as the nucleophile to
give nitrate esters, usually in low yield. Recently, however,
QOuellette and Bertsch have shown that certain olefins and
cyclopropanes can be converted into diol dinitrates in mod-
erate to excellent yield by treatment with TTN in pentane,?
and this report prompts us to describe some related stud-
ies.

In the course of our systematic study of the utility of TTN
as an oxidant, we have examined the reactions of various types
of functional groups with TTN in aprotic, poorly or nonnu-
cleophilic solvents. We describe now one aspect of these

0022-3263/78/1943-3773$01.00/0

studies, namely the smooth conversion of enolizable ketones
into the corresponding a-nitrato ketones? by treatment with
TTN in either dimethyl or diethyl carbonate or, preferably,
acetonitrile.

Addition of TTN to an equimolar amount of acetophenone
dissolved in dimethyl or diethyl carbonate resulted in the
immediate formation of a dark brown color as the TTN dis-
solved. When the mixture was heated to 60-80 °C, however,
the brown color rapidly discharged and thallium(I) nitrate
precipitated. NMR spectroscopic examination of the product
obtained after workup showed that it consisted of approxi-
mately equal amounts of unreacted acetophenone and its
a-nitrato derivative, CgHsCOCH50ONO,. Similar results were
obtained with a variety of substituted acetophenones and with
propiophenone. When 2 equiv of TTN!® were used, however,
acetophenone was converted into the «-nitrato ketone in
84-87% yield; propiophenone was similarly converted into
Ce¢HsCOCH(ONO2)CHjy in 86-89% yield.

Use of dimethyl and diethy! carbonate for the oxidation of
substituted acetophenones was not entirely satisfactory. In
certain cases, most notably with 3-methoxyacetophenone, the
a-nitrato ketone was obtained in poor yield (10-15%); in other
cases the reactions proceeded exothermically, and NMR ex-
amination of the crude products revealed the presence of
variable amounts of decomposition products. Fortunately,
these problems were readily eliminated by the use of aceto-
nitrile as solvent; 2 equiv of TTN were again necessary.1®
Oxidations were carried out at 60-80 °C for 12 h and led to
excellent yields of the «-nitrato ketones. Yield data for the
various conversions are listed in Table I. Unsymmetrical di-
alkyl ketones of the type RCH,COCHsR! (butan-2-one,
pentan-2-one) were also smoothly oxidized in high yield, but
as anticipated, approximately equal amounts of isomeric «-
nitrato ketones were obtained (eq 2).

ONQ, ONO,

RCH,COCH,R" — RCHCOCH,R’ + RCH,COCHR" (2

It is now well established!! that oxidation of acetophenones
by TTN in methanol results in initial methoxythallation of
the enol C=C bond and that a subsequent 1,2-aryl migration
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Table I. Oxidation of Ketones to a-Nitrato Ketones with
TTN/CH3;CN

COCH, COCH,0ONO,
| —
R

R registryno.  mp, °C  yield, %¢  registry no.
H 98-86-2 b 97 66702-75-8
4-CHj 122-00-9 60 89 66702-76-9
3-CH30 586-37-8 b 90 66702-77-0
4-CH30 100-06-1 97 89 66702-78-1
4-Cl 99-91-2 82 91 66702-79-2
4-Br 99-90-1 79 (dec) 90 66702-80-5
4-NOy 100-19-8 100 84 66702-81-6

RCH,COCH2R — RCH(ONO,)COCH,R
R registry no. mp, °C yield, %% registry no.
H 67-64-1 b 78 6745-71-7
CH3CH, 123-19-3 b 85 66702-82-7
CH3(CHy)o 502-56-7 b 88 66702-83-8
CeHs 102-04-5 b 90 66702-84-9
RCOCH;R’ —> RCOCH(ONOg)R’
yield,

R registryno. R’ mp,°C %@ registry no.
t-C4Hg 75-97-8 H b 87 66702-85-0
Ce¢Hs 93-55-0 CHj b 90 60434-74-4
2-CyoH7 93-08-3 H 89 81 66702-86-1

@ Estimated by NMR. ¢ Liquid; no attempt was made to purify
liquid a-nitrato ketones, as these are known to be thermally un-
stable.12.13 The spectroscopic data (IR, NMR) for all products
were consistent with the assigned structures.

Scheme I
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Notes

gives methyl arylacetates (2) (Scheme I, path a). In a nonnu-
cleophilic solvent such as diethyl carbonate or acetonitrile,
however, reaction of the electrophilic T1(III) salt with the enol
C=C bond can proceed only as far as 1, which would be ex-
pected to undergo rapid deprotonation to 3. Reductive dis-
placement of the weak C-T1 bond by nitrate anion (an intra-
molecular route is shown in Scheme I, path b) then leads to
the a-nitrato ketone (4).

Experimental Section!4

General Procedure for the Preparation of a-Nitrato Ketones.
A solution of the ketone (10 mmol) in acetonitrile (5 mL) was added
in one portion to a solution of TTN (20 mmol) in acetonitrile (25 mL)
and the mixture was heated at 60-80 °C for 12 h. It was then cooled
and the precipitated thallium(I) nitrate was collected by filtration
and washed well with ether (3 X 100 mL). The filtrate was washed
with water (2 X 150 mL), dried (MgSQ,), and evaporated under re-
duced pressure to give the crude a-nitrato ketone; yields were deter-
mined by NMR.

No attempt was made to purify liquid a-nitrato ketones as these
are known to be thermally unstable. Solid products (Table I) were
recrystallized from aqueous methanol for microanalysis.

4-CH3C4H4COCH30NO,. Anal. Caled for CoHgNO,: C, 55.39; H,
4.65; N, 7.18. Found: C, 54.95; H, 4.73; N, 6.97.

4-CH30CgH,COCH,0ONOs. Anal. Caled for CgHgNOs: C, 51.19;
H, 4.30; N, 6.63. Found: C, 50.93; H, 4.31; N, 6.66.

4-CICcH4COCH2ONOs. Anal. Caled for CsHgCINO4: C, 44.57; H,
2.80; Cl, 16.44; N, 6.49. Found: C, 45.71; H, 3.10; Cl, 16.81; N, 5.95.

4-BrCgH4COCH;ONO:. Anal. Caled for CgHgBrNOy: C, 36.95;
H, 2.33; Br, 30.73; N, 5.38. Found: C, 37.01; H, 2.18; Br, 31.15; N,
5.15.

4-0:NCgH,COCH,0NO;. Anal. Caled for CsHgN2Og: C, 42.11;
H, 3.53; N, 12.28. Found; ¢, 42.34; H, 2.69; N, 12.46.

2-C1pH7COCH20NO3. Anal. Caled for C12HoNOy: C, 62.34; H,
3.92; N, 6.06. Found: C, 62.42; H, 4.21; N, 6.27.
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