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O R G A N I C  P R E P A R A T I O N S  A N D  PROCEDURES I N T .  4(4), 159-168 ( 1 9 7 2 )  

STUDIES OF ACENAPHTHENE DERIVATIVES. XXV.l  

PREPARATION OF ACENAPHTHENEQUINONE 

0. Tsuge2 and I .  Shinkai 

Research I n s t i t u t e  of I n d u s t r i a l  Science,  Kyushu Unive r s i ty ,  

Hakozaki, Higashi-ku, Fukuoka 812, Japan 

Acenaphthenequinone ( I )  i s  a very u s e f u l  s t a r t i n g  material  

f o r  t h e  p r e p a r a t i o n  of po lyca rbocyc l i c  and p o l y h e t e r o c y c l i c  

compounds. T t  h a s  been ob ta ined  by many procedures3 such as t h e  

ox ida t ion  of acenaphthene (11) ,4 t h e  F r i e d e l - C r a f t s  r e a c t i o n  

of naphthalene w i t h  oxa ly l  ch lo r ide5  and t h e  h y d r o l y s i s  of ace- 

naphthenequinone dioxime.' The ox ida t ion  r e a c t i o n  of I1 with 

I m Tv V 

sodium bichromate4 or c a l c i u m  permanganate7 g i v e s  I under 

r a t h e r  m i l d  cond i t ions .  However, a l l  t h e  o x i d a t i o n  methods in -  

v a r i a b l y  g i v e  1 ,8 -naph tha l i c  anhydride (111) as a side-product 

which r e s u l t s  from t h e  f u r t h e r  ox ida t ion  of I ,  t h u s  r ende r ing  

t h e  i s o l a t i o n  of I i n  pu re  form very d i f f i c u l t .  The p a u c i t y  of 

information prompted u s  t o  seek a s a t i s f a c t o r y  method f o r  t h e  

i s o l a t i o n  of pu re  I.  
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0 .  TSUGE AND I. S H I N K A I  

It has  been r epor t ed8  t h a t  t h e  I R  spectrum of I had two 

-1 carbonyl  abso rp t ions  at 1776 and 1727 c m  (see F ig .  l a ) .  How- 

ever ? i t  has  now been found t h a t  t h e  I R  spectrum of pu re  I ob- 

t a i n e d  from t h e  CuS04 oxidat  i on  r e a c t  i on  of 2-hydroxyacenaph- 

thenone9 or  from t h e  h y d r o l y s i s  of acenaphthenequinone mono- 

a n i l l  d i d  not e x h i b i t  t h e  carbonyl  band a t  1776 cm-' which i s  

a s c r i b a b l e  t o  111. Indeed, t h e  I R  spectrum of I11 d i s p l a y e d  

two carbonyl  a b s o r p t i o n s  a t  1776 and 1735 c m - l  ( F i g .  l b ) ,  wh i l e  

t h a t  of pu re  I shows carbonyl a b s o r p t i o n s  a t  1735 ( s h o u l d e r )  

and 1720 c m - l  (F ig .  l c ) .  

I t  h a s  a l s o  been r e p o r t e d  t h a t  t h e  crude product  ob ta ined  

by t h e  o x i d a t i o n  r e a c t i o n  of 11, is a n  isomorphic mixture" of 

I and 111, and t h a t  t h e  p u r i f i c a t i o n  of I i s  ve ry  d i f f i c u l t  

using t h e  usual  procedures  such as e x t r a c t i o n  w i t h  sodium b i -  

s u l f i t e  s o l u t i o n .  The re fo re ,  w e  wanted t o  d e v i s e  a s a t i s f a c t o -  

r y  method f o r  t h e  s e p a r a t i o n  of I from crude o x i d a t i o n  mix- 

t u r e s .  The composition of I and 111 i n  a mixture  w a s  e s t ima ted  

by means of t h e  r a t i o  method, using t h e  abso rp t ion  bands of I 

and 111 at  890 and 1310 cm-' r e s p e c t i v e l y .  

The o x i d a t i o n  of I14a wi th  sodium bichromate d i h y d r a t e  i n  

g l a c i a l  acet ic  a c i d  a t  90-95O y i e l d e d  a crude r e d  o x i d a t i o n  

p r o d u c t ,  which on s e v e r a l  r e c r y s t a l l i z a t i o n s  from a c e t i c  a c i d  

o r  2-dichlorobenzene gave I V  ( c o n t a i n i n g  50% of I ) ,  as yellow 

need le s ,  whose mp 259-260°1' w a s  i d e n t i c a l  w i t h  t h a t  of p u r e  I.  

The crude o x i d a t i o n  product w a s  e x t r a c t e d  w i t h  40% sodium b i -  

su l f  i t e  s o l u t i o n  and t h e n  r e c r y s t a l l i z e d  from g-dichlorobenzene 

t o  a f f o r d  V, m p  259-260°, as yellow needles  ( c o n t a i n i n g  80% of 

I ) .  While V r e a c t e d  e a s i l y  w i t h  a n i l i n e  a t  140° t o  y i e l d  ace- 

naphthenequinone monoanil, mp 196-198O (lit' mp 194-196O), no 
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STUDIES OF ACENAPHTHENE DERIVATIVES. XXV. 
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0. TSLJGE AND I. S H I N K A I  

r e a c t i o n  of T V  w i t h  a n i l i n e  occur red  under t h e  s a m e  con- 

d i t  i o n s .  

On t h e  b a s i s  of t h e  above o b s e r v a t i o n s ,  ;ve deduced t h a t  V 

is  a mix tu re  of  I and 111 and t h a t  I V  i s  p robab ly  a 1:l complex 

of I and 111. Although t h e  I R  s p e c t r a  of I V  and V w e r e  ve ry  

s i m i l a r ,  con f i rma to ry  ev idence  f o r  t h e s e  c o n s i d e r a t i o n s  w a s  

p rov ided  by t h e  UV s p e c t r a  as i l l u s t r a t e d  i n  F i g .  2 and by t h e  

independent  p r e p a r a t i o n  of I V  from p u r e  I and 111. 

A s  i s  shown i n  Table  1, i t  is c l e a r  t h a t  t h e  1:l m i x t u r e  

was e a s i l y  e x t r a c t e d  w i t h  4-10% sodium b i s u l f i t e  s o l u t i o n  but  

i n  c o n t r a s t  I V  w a s  u n a f f e c t e d .  

a 
Table  1. E x t r a c t i o n  of I V  and of  a 1:l mix tu re  of I and I11 

E x t r a c t i o n  Temp.  T i m e  Pe rcen tage  of I 
i n  I V  i n  1:1 mixture '  

r e s i d u e  e x t r a c t  r e s i d u e  e x t r a c t  
Medium b ( O C )  (min)  

10% Na2C03 90  20  50 - d 76 Oe 

4% NaHS03 95 10 50 - d Oe 93 

10% NaHS03 95 3 50 oe 90 

40% N a H S 0 3  100 20 Oe 70 Oe 75  

- d 

a. 

b.  

C.  

d .  

e .  

- t r a c t i o n s  w e r e  performed by r e f l u x i n g  f o r  t h e  i n d i c a t e d  

t i m e .  The l i s t e d  t e m p e r a t u r e s  w e r e  t h o s e  of :he r e s p e c t i v e  

cx t  r a c t  i o n s .  

One hundred m l  of s o l u t i o n  w a s  used  pe r  gr,am. 

P repa red  by through mixing of equimolar  amounts of I and 

111. 

N o  e x t r a c t i o n  was ach ieved .  

Pure  111. 

A s o l u t i o n  of I and 111 (1:l) i n  g l a c i a l  aceti.c ac id ,  upon 

be ing  r e f l u x e d  f o r  20 min a f f o r d e d  I V ,  bu t  s i m i l a r  r e a c t i o n s  of 
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Fig. 2. 
uv Spectra of I ,  m and IV in EtOH 
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0 .  TSUGE AND I .  SHINKAI 

I wi th  maleic anhydride or p h t h a l i c  anhydride d i d  not occur.  

The 1:l complex w a s  decomposed by r e f l u x i n g  i n  40% sodium b i -  

s u l f i t e  s o l u t i b n  (OF with conc. H2SO4) and then  I w a s  e x t r a c t e d .  

The most u s e f u l  diagram f o r  t h e  s e p a r a t i o n  of p u r e  I i s  

i l l u s t r a t e d  i n  Chart  1. 

r e c r y s t  a l l i z a t  i on  
11 - crude r e d  s o l i d  * I V  

from p D C B  

30 min 

I (70-75%) H2 ''4 e x t r a c t  

r e c r y s t .  
from p D C B  I 

r e s idue 

I11 I (81%) 
111 f i l t r a t e  

I * I (98-100%) 

- o-DCB: 2-dichlorobenzene. 
Values i n  pa ren theses  refer t o  pe rcen tage  of I. 

Chart  1 

It i s  important t o  n o t e  t h a t  wh i l e  t h e  p u r i t y  of I w a s  

una f fec t ed  by r e c r y s t a l l i z a t i o n  from g - X B ,  HOAc o r  DMSO, an 

unusual - and so f a r  unexplained - "oxidation"of I t o  I11 oc- 

c u r r e d  i n  DMF upon at tempted r e c r y s t a l l i z a t i o n  at r e f l u x .  

I n  t h e  context  of t h i s  work, i t  i s  a l s o  i n t e r e s t i n g  t h a t ,  

wh i l e  I V  i s  una f fec t ed  by a n i l i n e ,  it r e a c t e d  e a s i l y  wi th  p- 

subst  it u t  ed  benzyl idenet  r iphenylphosphor ane i n  e thano l  , t o g i v e  

what appear t o  be 1:l complexes ( V I )  of p - s u b s t i t u t e d  benzy l i -  

denacenaphthenones-178-naphthalic anhydride.  Upon h y d r o l y s i s  

of t h e s e  complexes w i t h  e i t h e r  HC1 or NH40H, t h e  2-benzyliden- 

1 6 4  
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S T U D I E S  OF ACENAPHTHENE D E R I V A T I V E S .  XXV. 

acenapht henones and e i t h e r  t h e  1 ,8-napht ha1 i c  anhydride or t h e  

corresponding imide r e s p e c t i v e l y ,  w e r e  obtained.  Th i s  p rov ides  

a n  easy  p r e p a r a t i o n  of p-subst i t u t e d  2-benzylidenacenaphthen- 

ones from I V .  

m 

EXPERIMENTAL 

I s o l a t i o n  of pu re  acenaphthenequinone ( I )  .-- The r e d  s o l i h 2 0 b -  

t a i n e d  by t h e  o x i d a t i o n  of 30.0 g of I1 by t h e  r e p o r t e d  methoda 

i s  heated under r e f l u x  with 300 ml of a 4 0 %  sodium b i s u l f i t e  

s o l u t i o n  f o r  30 min w i t h  s t i r r i n g .  Then 600 m l  of hot w a t e r  i s  

added and r e f l u x i n g  i s  cont inued f o r  a n  a d d i t i o n a l  5 min. The 

hot s o l u t i o n  i s  f i l t e r e d  t o  remove r e s i d u e  (crude 111), and 

t h e  s o l u t i o n  i s  a c i d i f i e d  a t  80° with 50-60 m l  of conc. H2S04  

t o  pH 1.2-2.8.  The p r e c i p i t a t e d  pale yellow I11 i s  f i l t e r e d  by 

s u c t i o n ,  and t h e  f i l t r a t e  i s  t h e n  heated t o  b o i l i n g  and a c i d i -  

f i e d  by t h e  slow a d d i t i o n  of 90-100 m l  of conc. H 2 S 0 4 .  The 

yellow p r e c i p i t a t e  i s  c o l l e c t e d ,  and washed wi th  water u n t i l  

free from ac id .  The y i e l d  of p u r e  I i s  30-6056, mp 259-260°. 

The v a r i a t i o n  i n  t h e  y i e l d  of pu re  I i s  due t o  v a r i a t i o n  of 

1 6 5  
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0 .  TSUGE AND I. S H I N K A I  

y i e l d s  i n  ox ida t ion  of I1 t o  crude p roduc t s .  

General method f o r  t h e  Wi t t i g  r e a c t i o n  of 1 V . - -  A s o l u t i o n  of 

5.0 mmol of p-subst  i t u t e d  benzyltriphenylphosphonium h a l i d e  i n  

20 m l  of a b s o l u t e  e thano l  w a s  t r e a t e d  wi th  5.5 mmol of a 1 .0  

mmol s o l u t i o n  of sodium e thox ide  i n  e thano l  with cont inuous 

s t i r r i n g  under an atmosphere of n i t r o g e n ;  t h e  orange yellow 

c o l o r  of t h e  phosphorane appeared immediately. A f t e r  t h e  s o l u -  

t i o n  had been s t i r r e d  f o r  10 min, 5.0 mmol of a f i n e l y  powder- 

ed I V  was added. The mixture  w a s  s t i r r e d  f o r  20 min at  room 

temperature ,  and t h e n  r e f luxed  f o r  an a d d i t i o n a l  5 min. Af t e r  

coo l ing ,  t h e  product ( V I )  was f i l t e r e d  and r e c r y s t a l l i z e d .  

V I a  (Ar=Ph) : Yield,  90%. Mp 262-263O. Yellow need le s  ( M O H ) .  

A d .  Calcd. for C31H1804: C ,  81.94; H ,  3.99. 

Found: C ,  82.03; H ,  3.71. 

VIb ( A r = p - C l C  H ) :  Yield,  82%. Mp 219-220.5O. Yellow need le s  
6 4  

(DMF). 

Anal. Calcd. f o r  C H 0 C 1 :  C ,  76.36; H ,  3 .50.  

Found: C ,  76.43; H ,  3.13. 

31 17  4 

V I c  ( A r = p - N O  C H ) :  Yield,  91%. Mp 234-234.5O. Golden yellow 2 6 4  

need le s  ( a c e t o n e ) .  

A&. Calcd. f o r  C31H17N06: C ,  74.54; H ,  3 .43;  N ,  2.80. 

Found: C, 74.61; H ,  3.52; N ,  3 .12 .  

A s o l u t i o n  of V I  (500 mg) i n  e thano l  (15  m l )  w a s  t r e a t e d  

w i t h  1 .0  m l  of conc. HC1 or conc. N Q O H  s o l u t i o n  w i t h  s t i r r i n g  

a t  room temperature  f o r  20 min and then  hea ted  on steam-bath 

a t  60° f o r  an a d d i t i o n a l  10 min. F i l t r a t i o n  gave q u a n t i t a t i v e  

y i e l d s  of t h e  2-benzylidenacenaphthenones and of 111 or  of 

l ,B-naphthal imide,  mp 309-310°, as c o l o r l e s s  need le s  from 

1 6 6  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



S T U D I E S  OF ACENAPHTHENE D E R I V A T I V E S .  XXV. 

e thanol  r e s p e c t i v e l y .  These compounds w e r e  i d e n t i c a l  wi th  au- 

t h e n t  i c  samples which w e r e  obtained previous ly .  13,14 
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