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A need for 4-amino-1,6-dialkyl-2-naphthoate esters, to
be used as intermediates in the synthesis of unsymmetrical
2,6-disubstituted naphthalene cyclophanes, and the ready
availability of 3-carboalkoxy-1-tetralones’? focused our at-
tention on means of effecting the conversion of tetralone to
naphthylamire (Scheme I).
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After a variety of more conventional approaches to this
conversion had been examined with limited success, at-
tempts were made to utilize the known acid-catalyzed
transformation of tetralone oxime® or hydrazone deriva-
tives? to naphthylamines, despite the low yields reported
for most of these conversions, Perhaps because of the elec-
tron-withdrawing effect of the carboethoxy group, yields in
our systems never exceeded 30% under all conditions tried
with these reactions.

To our knowledge, a base-catalyzed conversion of 1-te-
tralone to 1-naphthylamine has not been reported, and in-
deed the Neber reaction of tetralone oxime tosylates is
known to yield products other than naphthylamines under
these basic conditions.” Nevertheless, the presence of the
carboethoxy group seemed to offer potential activation for
production of naphthylamine by one of the routes shown in
Scheme II. We now report an effective base-catalyzed con-
version of tetralone to naphthylamine.
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The conversion of 3-carboethoxy-1-tetralones, e.g., 1, to
the corresponding oxime proceeded in excellent yield. The
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oxime tosylate was then prepared in anhydrous dimethoxy-
ethane from the oxime, sodium hydride, and p-toluenesul-
fonyl chloride. Dilution of the crude tosylate solution with
2-3 equiv of sodium ethoxide in ethanol produced the ami-
nonaphthoate 2 in good yield (Scheme III). A variety of 4-
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amino-2-naphthoates were thus prepared (Table I). Na-
phthylamines 2, 4, and 6 were consistently prepared in 70%
yields. The yield of 8 is lower both because of its bifunc-
tional nature and because of the impurity of tetralone 7.
Optimization of conditions received some attention by
an examination of oxime leaving group, base, and solvent.
The O-tosyl group proved to be better than the O-methyl,
O-acetyl, or O-trifyl leaving group. Aromatization of the
O-methyl or O-acetyl oxime of 5 was possible in 30-50%
yield utilizing lithium 2,2,6,8-tetramethylpiperidide® in
large excess. The O-triflate rearranged prior to the addition
of base. Of the bases examined, ethoxide or methoxide gave
higher yields of naphthylamines than more highly hindered
alkoxides, amine anion bases, or dimsyl anion. Ethoxide
was chosen to minimize transesterification. Less basic terti-
ary amines were unreactive. Ethanol as solvent was superi-
or to isopropy! alcohol, tert-butyl alcohol, tert-amyl alco-
hol, or dimethyl sulfoxide. Ethanol was also better than te-
trahydrofuran—ethanol or ether-ethanol mixtures; how-
ever, a dimethoxyethane-ethanol (2:1 v/v) solvent mixture
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@ All amines are completely characterized spectroscopically and
analytically. ¢Isolated yield. ¢Converted to amino acid, mp
205-207° (lit.?> mp 204-206°). 2 Distilled tetralone. ¢ Crude ma-
terial.
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increased yields by 10-20%. Although some cooling is desir-
able for the mildly exothermic reaction, low temperature
(—70°) offered no advantages. Finally, it was noticed that
the rigorous exclusion of oxygen afforded a cleaner prod-
uct.

The question of mechanism has not been studied in de-
tail, and no firm conclusions can be drawn. The formation
of 6 from 5 methoxyoxime and lithium 2,2,6,6-tetramethyl-
piperidide and mechanistic studies of the Neber reaction®
suggest path B in Scheme II. Nevertheless, it is intriguing
that optimum conditions for this reaction are very similar
to those found for the closely related Neber conversion. A
point which apparently has not been given prior attention
is whether naphthylamines are formed from simple tetral-
one oxime tosylates under Neber conditions.” We have
found that in fact 5-10% of 1-aminonaphthalene is formed
from 1-tetralone oxime tosylate with sodium ethoxide in
dimethoxyethane-ethanol. Clearly the carboethoxy group
facilitates but does not induce the pathway to naphthylam-
ines. Thus several different mechanisms may be involved in
the naphthylamine formation.?

Other approaches to the formation of 4-amino-2-
naphthoate esters were explored with very limited success.
The dimethylenamine!®® or pyrrolidine enamine!®® of 5
could be prepared in low yield only with difficulty, and pre-
liminary dehydrogenation experiments were not encourag-
ing. The benzylamine Schiff base of 3 or 5 provided 4 or 6
in moderate yield (40-50%) after treatment with 10% palla-
dium on carbon in refluxing mesitylene;!! but under similar
conditions the benzylamine Schiff base of 7 gave 8 in only
5% yield. Other attempts to aromatize the Schiff base of 3,
as well as 3 itself, failed to provide adequate yields of the
corresponding aminonaphthalene or naphthol.!? Despite a
variety of precedents, direct cyclization of 9 to 10! or of
11-14 to the corresponding naphthylaminel41% failed with
one exception. Amide 14 capriciously provided up to 30% of
amine 15 after treatment with phosphorus oxychloride.15
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Experimental Section

General Procedure.!®* Ethyl 4-Amino-1-methyl-2-na-
phthoate (4). A solution of 0.350 g (1.50 mmol) of 3-carboethoxy-
1-tetralone 3, 0.115 g (1.1 equiv) of hydroxylamine hydrochloride,
0.132 g (1.1 equiv) of sodium acetate, and 10 ml of 80% ethanol was
refluxed for 1 hr. The solution was partitioned between ether and
water (25 ml each), and the layers separated. The aqueous layer
was washed with additional ether (3 X 25 ml). The combined ether
layers were then washed with saturated sodium chloride solution,
dried over anhydrous sodium sulfate, and condensed to provide a
quantitative yield of the oily oxime: ir (film) 3400 and 1730 em™L.
This crude oxime and 0.306 g (1.60 mmol) of p-tosyl chloride were
dissolved in 20 ml of dry dimethoxyethane and treated with 0.090
g (1.87 mmol) of sodium hydride mineral oil dispersion.!” The mix-
ture was stirred under nitrogen for 17 hr, cooled to 0°, and treated
with 10 ml of 0.6 N sodium ethoxide in ethanol.!® The solution was
stirred at 0° under nitrogen for an additional 2 hr and then
subjected to the ether—water extractive work-up described above
to provide crude oily amine. Purification by elution with 1:9 ethyl
acetate—pentane from alumina provided 0.248 g (72%) of 4: mp
73-74°; ir (CHClz) 3490, 3400, and 1720 cm~!; NMR (CDCly) &
1.34 (t, 3 H), 2.77 (s, 3 H), 4.00 (s, 2 H), 4.37 (q, 2 H), 7.05 (s, 1 H),
and 7.1-8.2 ppm (m, 4 H).

Notes

The hydrochloride salt was prepared by crystallization of 4 from
ethanolic hydrochloric acid: mp 243-246°.

Anal. Caled for C14H16INO2Cl: C, 63.28; H, 6.07; N, 5.27. Found:
C,63.02; H, 6.08; N, 5.24.
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Small-ring heterocycles containing nitrogen, oxygen, or
sulfur atom centers are rather common, whereas phosphor-
ous analogs are obtainable only under special or awkward
circumstances.1:28 Phosphiranes are usually prepared by
coupling vicinal dihalides with phosphides, while an unusu-
al coupling reaction between RPXy/AlCl3 complexes and
branched monoenes yields phosphetanes. Equation 1 sum-
marizes this latter reaction and shows the breadth of ole-



