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STUDIES OF ACENAPHTHENE DERIVATIVES. XXV.1

PREPARATION OF ACENAPHTHENEQUINONE

0. Tsuge® and I. Shinkai
Research Institute of Industrial Science, Kyushu University,

Hakozaki, Higashi-ku, Fukuoka 812, Japan

Acenaphthenequinone (I) is a very useful starting material
for the preparation of polycarbocyclic and polyheterocyclic
compounds. It has been obtained by many procedures3 such as the
oxidation of acenaphthene (II),4 the Friedel-Crafts reaction
of naphthalene with oxalyl chloride5 and the hydrolysis of ace-

naphthenequinone dioxime.® The oxidation reaction of II with

(I-mcomplex) M i’l"':r';; Il.é[f
I I v v

sodium bichromate® or calcium permanganate7 gives I under

rather mild conditions. However, all the oxidation methods in-
variably give 1,8-naphthalic anhydride (III) as a side-product
which results from the further oxidation of I, thus rendering
the isolation of I in pure form very difficult. The paucity of
information prompted us to seek a satisfactory method for the

isolation of pure I.
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It has been reported8 that the IR spectrum of I had two
carbonyl absorptions at 1776 and 1727 cm‘1 (see Fig. la). How-
ever, it has now been found that the IR spectrum of pure I ob-
tained from the CuSQ4 oxidation reaction of 2-hydroxyacenaph-
thenone9 or from the hydrolysis of acenaphthenequinone mono-
anill did not exhibit the carbonyl band at 1776 cm™! which is
ascribable to III. Indeed, the IR spectrum of III displayed
two carbonyl absorptions at 1776 and 1735 em™t (Fig. 1b), while
that of pure I shows carbonyl absorptions at 1735 (shoulder)
and 1720 cm™t (Fig. 1lc¢).

It has also been reported that the crude product obtained
by the oxidation reaction of II, is an isomorphic mixturelo of
I and III, and that the purification of I is very difficult
using the usual procedures such as extraction with sodium bi-
sulfite solution. Therefore, we wanted to devise a satisfacto-
ry method for the separation of I from crude oxidation mix-
tures. The composition of I and II1 in a mixture was estimated
by means of the ratio method, using the absorption bands of I
and ITI at 890 and 1310 cm™ > respectively.

42 with sodium bichromate dihydrate in

The oxidation of II
glacial acetic acid at 90-95° yielded a crude red oxidation
product, which on several recrystallizations from acetic acid
or o-dichlorobenzene gave IV (containing 50% of 1), as yellow
needles, whose mp 259-260011 was identical with that of pure I.
The crude oxidation product was extracted with 40% sodium bi-
sulfite solution and then recrystallized from o-dichlorobenzene
to afford vV, mp 259-2600, as yellow needles (containing 80% of

I). While V reacted easily with aniline at 140° to yield ace-

naphthenequinone monoanil, mp 196-198° (litl mp 194-1960), no
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reaction of IV with aniline occurred under the same con-
ditions.

On the basis of the above observations, we deduced that V
is a mixture of I and III and that IV is probably a 1:1 complex
of I and III. Although the IR spectra of IV and V were very
similar, confirmatory evidence for these considerations was
provided by the UV spectra as illustrated in Fig. 2 and by the
independent preparation of IV from pure I and ITI.

As is shown in Table 1, it is clear that the 1:1 mixture
was easily extracted with 4-10% sodium bisulfite solution but

in contrast IV was unaffected.

Table 1. Extraction of IV and of a 1:1 mixture of I and I1I®

Extraction Temp. Time
b (°c)  (min)

Percentage of 1T

: . . C
Medium in IV in 1:1 mixture

residue extract residue extract

10% Na,CO, 90 20 50 -d 76 0°®
4% NaHSO3 95 10 50 d o® o3
10% NaHSO; 95 3 50 4 0® 90
40% NaHSO; 100 20 0¢ 70 o 75

a. Extractions were performed by refluxing for the indicated
time. The listed temperatures were those of the respective
extractions.
One hundred ml of solution was used per gram.
Prepared by through mixing of equimoclar amounts of I and
IIT.

d. No extraction was achieved.

e. Pure III.

A solution of I and TII (1:1) in glacial acetic acid, upon

being refluxed for 20 min afforded 1V, but similar reactions of
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I with maleic anhydride or phthalic anhydride did not occur.

The 1:1 complex was decomposed by refluxing in 40% sodium bi-

sulfite solution (or with conc. HpSO4) and then I was extracted.
The most useful diagram for the separation of pure I is

illustrated in Chart 1.

recrystallization

Il ~———————p crude red solid > IV
from o-DCB
40% NaHSO4 reflux
30 min
v i H,SO,
residue extract —=————3% I (70-75%)
recryst.
10%|Najco,  SOnCr| HaS04 from o-DCB
to PH 1.2-2.8
111 1 (81%)
111 filtrate
L 12501 o 1 (98-100%)

0-DCB: o-dichlorobenzene.

Values in parentheses refer to percentage of I.

Chart 1

It is important to note that while the purity of I was
unaffected by recrystallization from o-DCB, HOAc or DMSO, an
unusual - and so far unexplained - *oxidation®of I to III oc-
curred in DMF upon attempted recrystallization at reflux.

In the context of this work, it is also interesting that,
while IV is unaffected by aniline, it reacted easily with p-
substituted benzylidenetriphenylphosphorane in ethanol, to give
what appear to be 1:1 complexes (VI) of p-substituted benzyli-
denacenaphthenones-1,8-naphthalic anhydride. Upon hydrolysis

of these complexes with either HC1l or NH4OH, the 2-benzyliden-
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acenaphthenones and either the 1,8-naphthalic anhydride or the
corresponding imide respectively, were obtained. This provides
an easy preparation of p-substituted 2-benzylidenacenaphthen-

ones from IV.

K H-Ar o

w (Ph)P=CH-A >V
a:Ar=Ph | %‘ 0 . | “:
b: Ar=p-CICsHa OO
¢ : Arap-NOCeHs

EXPERIMENTAL

.12
Isolation of pure acenaphthenequinone (I).-- The red solid ~ob-~

tained by the oxidation of 30.0 g of II by the reported method*2
is heated under reflux with 300 ml of a 40% sodium bisulfite
solution for 30 min with stirring. Then 600 ml of hot water is
added and refluxing is continued for an additional 5 min. The
hot solution is filtered to remove residue (crude III), and
the solution is acidified at 80° with 50-60 ml of conc. H,S0,4
to pH 1.2-2.8. The precipitated pale yellow III is filtered by
suction, and the filtrate is then heated to boiling and acidi-
fied by the slow addition of 90-100 ml of conc. H2SO4. The
yellow precipitate is collected, and washed with water until
free from acid. The yield of pure I is 30-60%, mp 259-260°,
The variation in the yield of pure I is due to variation of
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yvields in oxidation of II to crude products.

General method for the Wittig reaction of IV.-- A solution of

5.0 mmol of p-substituted benzyltriphenylphosphonium halide in
20 ml of absolute ethanol was treated with 5.5 mmol of a 1.0
mmol solution of sodium ethoxide in ethanol with continuous
stirring under an atmosphere of nitrogen; the orange yellow
color of the phosphorane appeared immediately. After the solu-
tion had been stirred for 10 min, 5.0 mmol of a finely powder-
ed 1V was added. The mixture was stirred for 20 min at room
temperature, and then refluxed for an additional 5 min. After
cooling, the product (VI) was filtered and recrystallized.
Via (Ar=Ph): Yield, 90%. Mp 262-263°. Yellow needles (EtOH).
Anal. Caled. for C, H 2O ,: C, 81.94; H, 3.99.
Found: C, 82.03; H, 3.71.
VIb (Ar=p-CIC.H,): Yield, 82%. Mp 219-220.5°. Yellow needles
(DMF ).
Anal. Calcd. for C31H1704C1: C, 76.36; H, 3.50.
Found: C, 76.43; H, 3.13.
Vic (Ar=E—NO2C6H4): Yield, 91%. Mp 234-234.5°, Golden yellow
needles (acetone).
Anal. Caled. for C, H _NO,: C, 74.54; H, 3.43; N, 2.80.
Found: C, 74.61; H, 3.52; N, 3.12.

A solution of VI (500 mg) in ethanol (15 ml) was treated
with 1.0 ml of conc. HCl1 or conc. NH4OH solution with stirring
at room temperature for 20 min and then heated on steam-bath
at 60° for an additional 10 min. Filtration gave quantitative

yields of the 2-benzylidenacenaphthenones and of 111 or of

1,8-naphthalimide, mp 309-310°, as colorless needles from
p p ,
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ethanol respectively. These compounds were identical with au-

thentic samples which were obtained previously.
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