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ORGANIC PREPARATIONS AND PROCEDURES INT. 4(4),169-177 (1972) 

1 STUDIES OF ACENAPHTHENE DERIVATIVES. XXVII  . 
PREPARATION OF ACENAPHTHENmUINONE MONOANIL N-OXIDES AND 

THEIR REACTIONS WITH ISOCYANATES 

2 0. Tsuge , I. Sh inka i  and M. Koga 

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 

Recent ly ,  a g r e a t  d e a l  of i n t e r e s t  has  been focused on 

s m a l l  r i n g  he t e rocyc le s  as p r e c u r s o r s  of d i p o l a r  i n t e rmed ia t e s  

i n  cyc loadd i t ion   reaction^.^ As a con t inua t ion  of our work 

i n t o  t h e  s tudy  of cyc loe l imina t ion  r e a c t i o n  of f ive-membered 

h e t e r o c y c l e s ,  w e  a n t i c i p a t e d  t h a t  spiro-l,2,4-0xadiazolidin-S- 

ones would be  obtained by t h e  r e a c t i o n  of a -ke ton i t rones  ( I )  

wi th  isocyanat  es. 

4 

0 

Scheme 1 

Since  l i t t l e  is known about t h e  p r e p a r a t i o n  of n i t r o n e s  

of type I and about t h e  cyc loe l imina t ion  r e a c t i o n  of s p i r o -  

h e t e r o c y c l e s ,  w e  have i n v e s t i g a t e d  a s a t i s f a c t o r y  method f o r  

t h e  p r e p a r a t i o n  of I and s t u d i e d  t h e i r  r e a c t i o n s  w i t h  i so -  
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0. TSUGE, I. S H I N K A I  A N D  M. KOGA 

cyanat e . 
Prepa ra t ion  of a-Ketoni t rones ( I ) .  

Although C-acylni t rones are e a s i l y  obtained by t h e  re- 

act ion of pyr idinium y l i d s  w i t h  n i t r o s o  compounds, ’ t h i s  m e t  hod 

i s  not a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  of a -ke ton i t rones  of type 

I .6  I t  has  been p r e v i o u s l y  reported7 t h a t  e i t h e r  t h e  uncatalyz-  

ed or  t h e  base-catalyzed condensat ion of acenaphthenone w i t h  

aromatic  n i t r o s o  compounds (11) gave t h e  corresponding acy l -  

n i t r o n e s  1. However. t h e  y i e l d  of I under t h e s e  c o n d i t i o n s  is 

0 & + Ar-N 0 
( 1 1 )  

0 - g-Ar+ 
1 

Scheme 2 
poor and biacenedione i s  i n v a r i a b l y  a side-product ; i t  presuma- 

b l y  ar ises  from t h e  condensation of acenaphthenone w i t h  ace- 

naphthenequinone, i t se l f  generated from t h e  h y d r o l y s i s  of I .  

In  t h e  course of another  s t u d y Y 8  w e  have found t h a t  t h e  

r e a c t i o n  of 2-diazoacenaphthenone (111) with I1 a f f o r d s  I i n  

e x c e l l e n t  y i e l d s .  When a xylene ( o r  benzene) s o l u t i o n  of 111 

and ni t rosobenzene ( I I a )  w a s  hea t ed  a t  130° ( o r  a t  r e f l u x  i n  

benzene) f o r  2 hr , Ia w a s  obtained as p a l e  yellow need le s ,  m p  

198-199O ( d e c . ) ,  i n  85% y i e l d .  I t s  I R  spectrum w a s  superim- 

posable  upon t h a t  of a u t h e n t i c  I a . 7 9 9  Treatment of I w i t h  d i l .  

hydroch lo r i c  a c i d  gave a quant i t  at  i v e  y i e l d  of acenapht hene- 

quinone, m p  259-26Oo.l2 Upon s t and ing  at  room temperature  f o r  
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S T U D I E S  OF ACENAPHTHENE D E R I V A T I V E S .  X X V I I .  

24 h r ,  a benzene s o l u t i o n  of I11 and IIa y i e l d e d  Ia i n  84% 

y i e l d .  

O @  
I 

Ar-NO + 
I1 

I1 I 
a:Ar=Ph , b;Ar=p-CLCgH4 , c :  A r = p -  CH3-N-C H 

CH3' 6 4 
Scheme 3 

Under s i m i l a r  condi t ions  ( a t  130° i n  xylene) ,  p-chloro- 

( I I b )  and E-N,N-dimethylaminonitrosobenzene ( I I c )  gave t h e  cor-  

responding n i t r o n e  ( I b )  and ( I c ) .  The elemental  ana lyses  and 

m a s s  spectral data w e r e  i n  agreement wi th  t h e  proposed s t r u c -  

t u r e s  f o r  I. 

Cycloaddition Reaction of Nitrones ( I )  with Isocyanates  ( I V Y .  

It w a s  a n t i c i p a t e d  t h a t  t h e  cycloadducts ,  3 - s p i r o - l , 2 , 4 -  

oxadiazolidin-5-ones,  might act as precursors  of azomethine 

imines i n  f a s h i o n  s i m i l a r  t o  sp i ro isoxazol id ines .  4 

When a xylene s o l u t i o n  of Ia and phenyl i socyanate  ( I V a )  

w a s  r e f l u x e d  f o r  10 h r ,  a 72% y i e l d  of Va as orange yellow 

pr i sms ,  mp 256-257O, w a s  obtained.  The elemental  a n a l y s i s  and 

m a s s  s p e c t r a l  data (M+ m / e  348) of V a  d i d  not agree  wi th  t h e  

expected spiro-l,2,4-oxadiazolidin-5-one, but  f i t t e d  t h e  mo- 

l e c u l a r  formula C H N 0 which would arise from t h e  e l i m i -  

na t ion  of carbon dioxide from a 1:l adduct of Ia and I V a .  The 

I R  spectrum of Va showed t h e  band at 1684 cm-' a s c r i b a b l e  t o  

an amide I a b ~ o r p t i 0 n . l ~  The hydro lys is  of Va w i t h  15% hydro- 

c h l o r i c  a c i d  i n  methanol a f forded  N-phenyl-1,8-naphthalimide 

( V I a )  as c o l o r l e s s  pr isms,  mp 203O, i n  83% y i e l d ;  it w a s  

24 16 2 
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0. TSUGE, I. SHINKAI AND M. KOGA 

i d e n t i f i e d  by comparison wi th  an a u t h e n t i c  sample prepared from 

t h e  r e a c t i o n  of 1 , a - n a p h t h a l i c  anhydride wi th  a n i l i n e  i n  acetic 

ac id .  

I n  order t o  c l a r i f y  t h e  r e a c t i o n  pathway, t h e  r e a c t i o n  of 

I b  w i t h  I V a  w a s  i n v e s t i g a t e d  as two isomeric  p roduc t s  might be 

formed i n  t h i s  case (Scheme 4 ) .  However, only Vb, mp 200-201°, 

could be  i s o l a t e d  as yellow need le s  i n  68% y i e l d .  The s t r u c t u r e  

of Vb w a s  e s t a b l i s h e d  by i t s  h y d r o l y s i s  t o  N-(p-chloropheny1)- 

naphthalimide ( V I b ) ,  m p  274-275O (dec.  ) .  This  r e s u l t  q u i t e  

c l e a r l y  shows t h a t  a s p i r o d i a z i r i d i n e  in t e rmed ia t e  w a s  not in-  

volved. W e  view t h e s e  r e a c t i o n s  as dep ic t ed  i n  Scheme 4 .  
14  

HCI v m  
VI b:Ar,- p-ClGH4 

Scheme 4 
The above pathway w a s  supported by t h e  fol lowing experi- 

ment. When a s o l u t i o n  of Ia and benzene s u l f o n y l i s o c y a n a t e  

( I n )  i n  benzene w a s  r e a c t e d  a t  room temperature ,  V c ,  m p  294- 

295O ( d e c . ) ,  w a s  obtained as c o l o r l e s s  pr isms i n  66% y i e l d .  

Upon h y d r o l y s i s  of V c ,  V I a  w a s  obtained.  The re fo re ,  i t  s e e m s  

17  2 
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S T U D I E S  OF ACENAPHTHENE D E R I V A T I V E S .  X X V I I .  

reasonable t o  assume t h a t  t he  cycloadducts, 3-splro-1,2,4-oxa- 

diazol id in-5-0nes~  are e a s i l y  decomposed on heat ing and r i n g  

expansion reac t ion  occurs;  i n  a l l  cases t h e  subs t i tuent  A r  of 

I i s  o r i en ta t ed  i n  t h e  imide ni t rogen and t h e  subs t i tuent  A r t  

of isocyanates I V  i n  t h e  exo imino nitrogen. 

 EXPERIMENTAL'^ 

Materials. -- Nitrosobenzene ( I Ia )  ,17 E-chloronitrosobenzene 

( I Ib )  ,18 E-N,N-dimethylaminonitrosobenzene ( IIc)19 and 2-diazo- 

acenaphthenone ( III)20 w e r e  prepared by t h e  reported methods. 

The isocyanates w e r e  purchased from Tokyo Kasei Co., Tokyo, 

Japan. 

Preparat ion of a-ketoni t rones (Il.-- The general  procedure 

used is i l l u s t r a t e d  with t h e  reac t ion  o f  I11 wi th  IIa. A solu- 

t i o n  of I11 (900 mg) and IIa (500 mg) i n  dry xylene (30 m l )  w a s  

warmed ( o i l  bath temperature,  130°) f o r  2 h r ,  and then concen- 

t r a t e d  t o  about 15 m l  i n  vacuo. The reac t ion  mixture was then 

f i l t e r e d  t o  remove t h e  p rec ip i t a t ed  c r y s t a l s ,  which on recrys- 

t a l l i z a t i o n  from l i g r o i n  (bp 80-llOo) afforded 1.07 g (85%) of 

Ia, mp 198-199O (dec . ) ,  a s  p a l e  yellow needles. 

9. Calcd. fo r  C18H11N02: C ,  79.11; H ,  4.06; N ,  5.13. 

Found: C ,  79.28; H ,  3.62; N ,  5.32. 

I R :  1713 (C=O), 1296 c m - l  ( ) C = h ) .  Mass spectrum: m / e  273 

(M+) - 
Ib  (Ar=p-C1C6H4):  y i e ld ,  70%. Mp 215-216O. Y e l l o w  needles from 

EXOH. 

&&. Calcd. f o r  C18HloNo2C1: c, 70.24; H ,  3.26; N, 4.56. 

17 3 
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0 .  TSUGE, I. S H I N K A I  AND M .  KOGA 

Found: C ,  70.10; H, 3.00; N, 4.81. 
+ Mass spectrum: m / e  307 ( M  ) .  

Ic ( A r = p - ( M e ) 2 N C  H ) :  y i e l d ,  80%. Mp 182-183O ( d e c . ) .  Reddish 6 4  
orange prisms from l i g r o i n .  

- Anal. Calcd. f o r  C20H16N202: C ,  75.93; H, 5.10; N, 8.86. 

Found: C ,  76.01; H ,  5.34; N, 8.79. 
+ Mass spectrum: m / e  316 ( M  ) .  

A s o l u t i o n  of Ia (50 mg) i n  methanol (20 m l )  w a s  r e f l u x e d  

f o r  2 hr  w i t h  1 m l  of 15% hydrochlor ic  a c i d .  F i l t r a t i o n  gave 

29 mg ( 86%) of acenapht henequinone, m p  258-260°. 

React ion of a -ke ton i t rones  ( I )  with phenyl i socyana te  ( I V a )  .-- 
The gene ra l  procedure used i s  i l l u s t r a t e d  with t h e  r e a c t i o n  of 

Ia with I V a .  A s o l u t i o n  of Ia (300 mg) and I V a  (260 mg) i n  dry 

xylene (20 m l )  w a s  r e f l u x e d  f o r  10 h r .  Evaporation of t h e  s o l -  

ven t ,  followed by a d d i t i o n  of 20 m l  of petroleum benzine (bp 

42-60°), and f i l t r a t i o n  gave yellow c r y s t a l s ,  which on r e c r y s -  

t a l l i z a t i o n  from a c e t o n i t r i l e  a f f o r d e d  310 mg (72%) of V a ,  mp 

256-257O (dec.  ) ,  as orange yellow prisms.  

- Anal. Calcd. f o r  C24H16N20: C ,  82.74; H, 4.63; N, 8.04. 

Found: C ,  82.70; H, 4.40; N, 8.21. 
+ IR: 1684 c m - l  (C=O). Mass spectrum: m / e  348 (M ).  

Vb ( A r = p - C l C  H ) :  y i e l d ,  68%. Mp 200-201° (dec.) .  Y e l l o w  

need le s  from e thano l  . 
6 4  

A&. C a l c d .  f o r  C24H15N20C1: C,  75.29; H, 3.92; N, 7.32. 

Found: C ,  75.41; H, 3.62; N, 7.52. 
+ 

I R :  1690 c m - l  ( C = O ) .  Mass spectrum: m / e  382 ( M  ) .  

React ion  of a -ke ton i t rone  ( I a )  wi th  benzene su l fony l i socyana te  

JIVb).--  A benzene s o l u t i o n  of Ia (300 mg) w a s  s lowly added t o  

17 4 
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STUDIES OF ACENAPHTHENE DERIVATIVES. XXVII. 

10 m l  of benzene s o l u t i o n  of IVb (200 mg) with continuous s t i r -  

r i n g ;  heat  w a s  evolved. The mixture  w a s  s t i r r e d  f o r  1 hr at 

room temperature ,  t h e n  t h e  p a l e  yellow c r y s t a l s  which had pre-  

c i p i t a t e d ,  w e r e  filtered and r e c r y s t a l l i z e d  from l i g r o i n  (bp 

8 0 - l l O o )  t o  g ive  300 mg (66%) of V c ,  mp 294-295O ( d e c . ) ,  a s  

c o l o r l e s s  prisms. 

A n a l .  Calcd. for C24H16N203S: C,  69.90; H,  3.91; N, 6.79. 

Found: C,  70.14; H ,  3 .69;  N ,  6.48. 

Hydrolysis of V.-- A s o l u t i o n  of Va (100 mg) i n  methanol (15 

m l )  was re f luxed  for 2 hr  wi th  10 m l  of 15% hydrochlor ic  a c i d .  

After s tanding  overn ight ,  t h e  p r e c i p i t a t e d  product w a s  c o l l e c t -  

ed and r e c r y s t a l l i z e d  from methanol t o  g i v e  65 mg (83%) of N- 

phenyl-l,8-naphthalimide ( m a ) ,  mp 203O ( d e c . ) ,  as c o l o r l e s s  

needles ;  m a s s  spectrum, m / e  273 (M ). V I a  w a s  a l s o  obtained i n  

86% y i e l d  from t h e  hydro lys is  of V c  i n  e thanol .  S i m i l a r l y ,  t h e  

hydro lys is  of Vb with  conc. hydrochlor ic  a c i d  i n  e t h a n o l ,  gave 

N-(p-chlorophenyl)-l,8-naphthalimide (VIb),  mp 274-275O (dec. ) ,  

as c o l o r l e s s  needles .  

+ 

- Anal. Calcd. f o r  C18H10N02C1: C, 70.24; H ,  3.26; N ,  4.56. 

Found: C, 70.64; H, 3.03; N,  4.68. 
+ Mass spectrum:lm/e 307 (M ). 

These compounds VIa and VIb w e r e  i d e n t i c a l  wi th  a u t h e n t i c  

samples prepared from t h e  r e a c t i o n  of 1 ,8-naphtha l ic  anhydride 

with corresponding a n i l i n e  by r e f l u x  i n  acetic a c i d .  

1 7  5 
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