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Abstract. The secondari)-aryl-N-alkyl aminesl—3 and5 tion intermediates as demonstrated by the cleavag@e Hif
are oxidized by the Zr(®Bu),/TBHP system to nitroben- to nitrobenzenes) and the benzaldehyd&2—14by the same
zene 6) and the corresponding carbonyl compounds withcatalytic oxidation system.

cleavage of th€—Nbond. Nitrones are postulated as reac-

In connection with the zirconium alkoxide-catalyzed matic heterocyclic system, was smoothly converted to
oxidation of primary aromatic [2] and aliphatic [3] quinoline @).
amines to nitro compounds, we also investigated the

reaction ofsecondaryN-aryl-N-alkyl amines with the H Zr(O-+Bu)s

system Zr(O+Bu),/tert-butyl hydroperoxide (TBHP). N.  /TBHP NO,

Surprisingly, and in contrast to most other oxidation ©/ + RCHOor CH3COCH3
of secondary amines,G-N-cleavage was observed in (R'=R-CH2)

the reaction ofN-methylaniline ), and nitrobenzene 1 ) 3 4 5

(6) was isolated in 62% yield. There are only few re- " - - o B

ports in the literature on this interesting oxidative de<igq oo ore) 6 60 40 o6

gradation of secondary amines. Very strong oxidation
reagents such as peroxotrifluoroacetic acid [4] are able X
to cleave th&€—Nbond of secondary amines suchLas — @\/g
to nitrobenzene (84%). In tungsten-catalyzed oxidations \
with hydrogen peroxide only 11% nitrobenzene was  ; H 8
detected in the oxidation dfbenzylaniline along with  gcheme 10xidative cleavage of primary and secondsry
other degradation products [5]. alkyl-N-aryl amines

To test the scope and limitations of the reaction, we
selectedN-alkylanilines with primary, secondary, terti-
ary, and benzylitdN-alkyl groups in addition to the cy- ~ The question arose how tBe-Nbond in theN-alkyl-
clic tetrahydroquinoline?). The experiments showed anilines was cleaved under these mild oxidative condi-
in fact that the oxidative cleavage of seconddsgryl-  tions. Based on the experience with primary amines [3,
N-alkyl amines with the system Zr(GBu),/TBHP was 6], we postulated the initial oxygenation of the second-
not limited toN-methyanilines. The corresponditg  ary amine to the hydroxylamieand then via to the
ethyl 2), N-2-propyl @), andN-benzyl anilineg5) were nitroneC as shown in Scheme 2. The crucial step in
oxidized to nitrobenzene in 60, 49, and 76% isolatednitrone formation is water elimination fron This step
yield, respectively (Scheme 1). The alkyl group wascannot proceed itert-alkylanilines, and the failure of
converted to the corresponding carbonyl compound antgrt-butylaniline to form nitrobenzene supports this step
formaldehyde, acetone, and benzaldehyde were detedf the mechanisnN-Aryl-N-benzyl secondary amines
ed by gas chromatography in the crude reaction mixteact most easily presumably because water elimina-
ture. InterestinglyN-tert-butylaniline @) was not tionto form the intermediate nitrones is much more rapid
cleaved to nitrobenzene. Tetrahydroquinolifjewhich  than in the corresponding-aryl-N-alkyl derivatives.
is known to undergo easy dehydrogenation to an aroFhe nitrone thus formed can then coordinate with the
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zirconium metal as shown D, and the O-O double corresponding nitrones, postulated as reaction interme-
bond of the hydroperoxide ligand is then attacked byiates, are also cleaved by the same catalytic oxidation
the nitrone double bond as the nucleophile. This is ansystem to nitrobenzene and benzaldehydes.
other example of the oxygenation of thirylic double
bond in transition metal peroxo complexes as previous-
ly observed in phenols [7] or enolates [8, review Sl\ye thank the Deutsche Forschungsgemeinschaft for finan-
The resultant oxygenation product then decomposegal support of this work.
with C—N bond cleavage as depictedEnto yield ni-
trosobenzene that is easily oxidized by the Zi@x),/
TBHP system to nitrobenzene, as was demonstrated #xperimental
a previous investigation [2].
For general methods and instrumentation see [10].

eQ ,OH Oxidative Cleavage of Secondari-Alkylanilines (Gen-

H oH
N_R [0 N_R [O] N R eral Procedure
\'< H — \K H —> Q\K H i ) i
R R R All reactions were conducted in a dry 50 ml two necked flask
A

with magnetic stirrer, gas inlet, and septum. To a solution of
| the N-alkylanilines (-5 and7; 10 mmol) in dry CHCI,
\/Zr{? (20 ml) was added freshly activated powdered molecular
©0 Zr(OBu)a/ @\;04/0“3“ sieves (3 A, 1.5 g). Zirconium tettart-butylate (0.4 ml,
N AR i i
. gYR BUOOH ©/®Y 1.0 mmol) was then added, the mixture was stirred for
R

B

-Ho0 B —BuooH - 30 min, and theN-alkylanilines were added within 5 min.
The suspension was refluxed (ca. 5 h, TLC monitoring), and
c D water (15 ml) was then added to quench the reaction. The
\/lzf mixture was filtered, and the molecular sieves were carefully
¢ omBu Q washed with CKCl, (20 ml). A 5% aqueous solution of sodi-
@% ‘3‘3 N [o] um sulfite (100 ml) was added, and the mixture was stirred
©/ — ©/ — 6 overnight to reduce excess TBHP. The organic phase was sep-
R R arated, washed with water (10 ml), dried {81@,), and ana-
E lyzed by GC. Nitrobenzene was isolated by removal of the
solvent under reduced pressure and bulb to bulb distillation
Scheme 2Mechanistic proposal fo€-N bond cleavage in  of the residue. For yields & see Scheme 1. The volatile
N-alkyl-N-aryl amines aldehydes corresponding1p2 and5 were detected qualita-
tively by GC. 35% pure quinoling) was isolated in the re-

It was not possible to directly detect nitrones as reaciction of tetrahydroquinoline.

tion mtermedlaf[es nor FOUId they be trapped in 1’S'd"Oxidative Cleavage of Nitrones (General Procedure); For-
polar cycloadditions with olefins. However, the three mation of Nitrobenzene (6) and Benzaldehydes 24
nitrones9—11with electronically different substituents , ,

on the aromatic ring could be guantitatively cleaved toThe nitrones were prepared by condensation of phenylhydrox-

: : ylamine with the corresponding benzaldehydes as described
nitrobenzene and the corresponding benzaldetiies in the literature §, 10: [11], 11: [12]). Powdered molecular

14 as detected by GC. The nitrones reapted “?‘p'd'y ieves (3 A, 600 mg) were added to a solution of the nitrone

room temperature, and there was no obvious differencg mmol) in CHCI, (10 ml), and the suspension was stirred

in reaction rate as observed by TLC monitoring. for 30 min. Zr(O#Bu), (0.04 ml, 0.1 mmol) and TBHP
(2.0 ml in CHCI,, 3.1 mmol) were added, and the mixture

e R R was stirred for ca. 5 h at 20 °C (TLC monitoring). Yields of
‘?\/©/ Zr(O-t-Bu)g nitrobenzene®) and benzaldehydelk?—14 were quantita-
N .
©/® /TBHP 6 + tive by GC.
H
R H NO, OMe R H NO, OMe
o ) . [1] K. Krohn, K. Steingrover, I. Vinke, J. prakt. Chet999
Scheme 30xidative cleavage of nitrones to nitrobenzene and 341, 62
aldehydes [2] K. Krohn, J. Kipke, H. Rieger, J. prakt. Cheh®97, 339,
335
[3] K. Krohn, J. Kipke, Eur. J. Org. Che998 679
In summary, a novel-Ncleavage of secondalNs 41 . p_Emmons, J. Am. Chem. Sat954 76, 3470
aryl-N-alkyl amines under mild oxidative conditions [5] F. P. Ballistreri, U. Chiacchio, A. Rescifina, G. A. Tomasel-
with the Zr(O+-Bu),/TBHP system is reported. The li, R. M. Toscano, Tetrahedrdi®92 48, 8677
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