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In a series of papers Mallory? and co-workers in-
vestigated a novel conversion, called the “haloalkoxy
substitution reaction,” in which the replacement of a
nitro group by a chlorine and of an adjacent ring hy-
drogen by a methoxy group is effected by treatment of
certain aromatic nitro compounds with aqueous sodium
hypochlorite in alkaline methanol solution. Mallory
demonstrated that this reaction takes place with nitro-
substituted benzofurazans and their corresponding N-
oxides, with 5-nitro-2-phenylbenzotriazole, and with 6-
nitro-2,3-diphenylquinoxaline, and he suggested that
the reaction may be general for molecules having a
nitrogen heterocycle fused to the ring bearing the re-
placeable nitro group.
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In support of this suggestion, we have found that 6-
nitroanthroxanic acid (I) also undergoes the ‘halo-
alkoxy substitution reaction.” Compound I is con-
verted under the conditions described by Mallory to
6-chloro~-7-methoxyanthroxanic acid hydrochloride
(II). The structure of II was confirmed by its nmr
spectrum, which exhibited two doublets of an AB sys-
tem due to the two adjacent ring protons (/' = 9.0 cps).
Attempts to carry out an analogous conversion on 6-
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nitroanthranil (III) were unsuccessful because III is
easily ring opened under the basic reaction conditions
to methyl 4-nitroanthranilate (IV).

Since anthroxanic acids are easily converted to isatins
by reductive cleavage of the isoxazole ring,? the “halo-
‘alkoxy substitution reaction’” applied to nitro-sub-
stituted anthroxanic acids is potentially useful as s
means of synthesizing certain isatins with adjacent ring
substituents. Illustrative of this synthetic potential
is the conversion of II to 6-chloro-7-methoxyisatin (V)
with ferrous sulfate and ammonia.

Experimental Section*

The preparations of 6-nitroanthroxanic acid and 6-nitro-
anthranil have been described in a previous paper.5

6-Chloro-7-methoxyanthroxanic Acid Hydrochloride (II).—
A solution of 0.5 g (0.0024 mole) of 6-nitroanthroxanic acid (I)
and 0.8 g of potassium hydroxide (0.014 mole) in 50 m! of meth-
anol was stirred magnetically and heated at reflux during the
dropwise addition of 65 ml of aqueous sodium hypochlorite solu-
tion.8 The solution was maintained at 60-65° during the addi-
tion, over 15 min, of the hypochlorite solution and for 20 min
more, after which time most of the methanol was removed at
aspirator pressure on a rotating flash evaporator. The flask
was cooled in ice and acidified with 2 N hydrochloric acid. The
yellow crystals of IT were collected by filtration and washed with
ice-cold water to give 0.25 g (409): mp 182°; Amo" 220 my (e
26,900); »mex 3535, 3450, 1690, 1637, 1546, 1520, 1275, 800,
and 780 cm L.

Anal. Caled for C,H,N,C1-HCI: C, 40.91;
5.31. Found: C, 40.61; H,2.36; N, 5.11.

6-Chloro-7-methoxyisatin (V).—To a solution containing 5 ml
of water and 1.5 ml of concentrated ammonium hydroxide was
added 0.15 g of 6-chloro-7-methoxyanthroxanic acid hydro-
chloride (II) followed by 1.0 g of FeSO,-7H:0. The solution
was allowed to stand at room temperature for 30 min, after which
time 20 ml of water was added. The mixture was shaken and
filtered, and the filtrate was acidified with 15 ml of 2 N hydro-
chloric acid. The orange crystals of V which separated on
standing were collected by filtration to give 0.09 g (74%): mp
179°; AZO¥ in myu (e) 216 (21,600), 248 (17,000), 255 (15,200),
311 (6100); w»max 3225, 1770, 1736, 1615, 1325, 1275, 1040, and
760 cm 2,

Anal. Caled for C;HNO;Cl: C, 51.09; H, 2.86; N, 6.62;
Cl, 16.75. Found: C, 50.92; H, 3.00; N, 6.67; Cl, 17.03.

(3) A procedure for reducing anthroxanic acid to isatin was deseribed by
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The study of carbonium ion structures was greatly
facilitated by the discovery that nmr data can be ob-
tained quickly and simply for solutions in strong acids.?
Ions studied in this way are usually produced by pro-
tonation of a double bond or by protonolysis of a hy-
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droxyl group.>* We now report still another approach
to stable ions, the protonolysis of appropriately sub-
stituted cyclopropanes* in 969, sulfuric acid.?’

The nmr spectrum of 2-isopropoxy-2-methyl-1-
methylenecyclopropane (I)® in 969, sulfuric acid ex-
hibits two slightly broadened singlets at + 3.22 and 3.49
(two protons, vinyl), a septet centered at 4.70 (J = 6.0
¢ps, one proton geminal to oxygen), a sharp singlet at
7 7.43 (methyl group geminal to oxygen), a slightly
broadened singlet at r 8.35 (three protons, allylic
methyl), and a doublet centered at » 8.75 (J/ = 6.0 cps,
six protons, isopropyl). As the solution aged (several
hours), the spectrum gradually changed. Two singlets
emerged at = 3.08 and 3.35 as the 7 3.22 and 3.49 signals
diminished in intensity. Similarly, as the septet at
4.70 vanished, another appeared at r 527 (J = 6.0
eps) and the singlet at ~ 8.35 became replaced by one at
78.30. The doublet at » 8.75 disappeared as a new one
grewin at r8.94. The methylsignal at  7.43 remained
unchanged in chemical shift. This transition from one
simple spectrum to another equally clean pattern sug-
gested a discrete chemical change as opposed to the in-
diseriminate destruction of the initially formed ion.
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Spectral data first cited are those predicted forionII,
and those obtained from the aged solution are consistent
with IIT and the conjugate acid of isopropyl alcohol in
equimolar quantities. These suspicions were confirmed
by quenching an aged solution with cold water and ex-
tracting the product into carbon tetrachloride. Its
nmr spectrum proved to be essentially identical with
data reported for 2-methyl-l1-buten-3-one.® More-
over an equimolar mixture of this substance with iso-
propyl alcohol gave an nmr spectrum in sulfuric acid
which is identical with that of an aged solution of I in
sulfurie acid.

It is noteworthy that the spectral changes described
occur only slowly and are due primarily to hydrolysis
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rather than polymerization. The half-life of II is not
less than 30 min at 42°. The stability of this ion (II)
relative to that of others possessing terminal double
bonds™! is perhaps not surprising in view of the extent
to which charge is delocalized.

Evidence in hand is insufficient to permit a choice of
mechanism for the protonolysis. Reaction could in-
volve a direct attack of proton on the cyclopropane ring
or, perhaps more likely, attack on the double bond.
The latter would probably not produce a fully de-
veloped, rather high energy cyclopropyl ion'! but would
instead involve synchronous rearrangement to I1.

The behavior of 2-methoxy-2-methyl-1-methylene-
cyclopropane in sulfuric acid was examined and found
to be similar to that of I. The most notable difference
was the diminished half-life of its primary ion.

Experimental Section

Sulfuric Acid Solutions.—Solutions were prepared at con-
centrations of approximately 109, by volume in reagent grade
969, sulfuric acid. Spectra were obtained with a Varian A-60
nmr spectrometer using standard sample tubes at ambient
temperature (~42°). Sodium 3-trimethylsilyl-1-propanesulfo-
nate was used as an internal standard (accepted value r 9.92).
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The ultraviolet absorption spectra of I-VIII (Table
I) provide evidence for a moderately strong conjuga~
tive interaction between phosphorus of the phosphoryl
group and carbon of the adjacent carbonyl group.
The n — =* band in analogous aliphatic aldehydes
and the 'A — 'L, band (r —> 7*) in the related para-
substituted benzaldehydes were compared with the
same bands in the respective compounds I-VIII.

There was recently reported convincing ultraviolet
spectral evidence for dm—p= bonding in tri-2-pyrryl-,
2-(1-methylpyrryl)-, 2-thienyl-, 2-furylphosphine ox-
ides, phosphine oxides, and phosphonium salts which
possess a number of pare substituents on aromatic
rings.2 The remarkably low-range frequencies for
infrared absorption (10-15 cm~! less than that for the
C=0 in corresponding aldehydes) of the carbonyl
group in acylphosphonates®* suggests that the carbon-
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