
474 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

CYCLIC fi-AMINOVINYLIMINES 

VI. Fo rma t ion  of Isoquinolones and Isoindolones in the Oxidation of 2 - A r y l - 1 -  
phenylamino-  3-phenyl tminoindene s* 

V. A. Usov, and Ya. F. F r e i m a n i s  

Khimiya Geterots ikl ieheskikh Soedinenii ,  Vol. 5, No. 4, pp. 640-644,  1969 

UDC 547.758.7'833:542.943 

2-Subs t i tu t ed  1 - p h e n y l a m i n o - 3 - p h e n y l i m i n o i n d e n e s  h a v e  b e e n  found 

to be r e a d i l y  ox id ized  by  a t m o s p h e r i c  oxygen .  T h e  s t ruc tu re  o f  the  

resu l t ing  3 - a t  y i - 8 - h y d r o x y - 2 - p h e n y l - 4 - p h e n y l i m i n o d i h y d r o i s o q u i n o l -  

1 -ones  has b e e n  shown by c h e m i c a l  and spec t roscop ic  m e t h o d s .  T h e  

c o m p a r a t i v e  o x i d i z a b i l i t y  of  e n a m i n e s  of  s e v e r a l  types  is discussed on 

the  basis of  q u a n t u m - m e c h a n i c a l  c a l c u l a t i o n s  by  the  LCAO MOH m e t h -  

od. 

In a study of aminoindenes  [1], it was found that 
when 2- a r y l - l - p h e n y l - a m i n o - 3 - p h e n y l i m i n o i n d e n e s  
(Va-Ve) were boiled in iner t  solvents  (chloroform, 
dichloroethane,  carbon te t rachlor ide ,  toluene, hep- 
tane), the double bond of the f i ve -membered  r ing was 
cleaved by the action of a tmospher ic  oxygen. Such 
ready oxidizabil i ty of these aminoindenes  appeared un-  
usual  and requi red  a more  detai led study. The l i t e r a -  
ture  contains re la t ive ly  few examples of the oxidation 
of the double bond of the f i v e - m e m b e r e d  r ing of in-  
dene. A case is d iscussed of the oxidation of indenes 
by organic perac ids  to 1, 2-epoxyindans [2] and by 
phthaloyi peroxide to cyclic  phthalic e s t e r s  of indan-1,  
2-diol  [3]. In a study of the oxidation of indenes by 
a tmospher ic  oxygen [4] the format ion  of cyclic perox-  
ides I giving the shor t - l ived  f ree  b i rad ica l s  II is 
mentioned [4]. The oxidation of te t rahydroindenoindene 
(III) by chromium trioxide was te rmina ted  by the oxi- 

*For part V, see [i]. 

dative cleavage of the double bond of the f i v e - m e m -  
bered r ing  with the format ion  of the dicarbonyl  com- 
pound IV [5]. 

I II 

nl iv 

In our case,  we regard  the p rocess  of oxidation as 
the ini t ia l  addition by the aminoindenes  of a molecule  
of oxygen with the format ion  of the cyclic peroxides 
VI, s i m i l a r  to those repor ted  previous ly  [4]. Then 
the peroxide r ing  opens with the cleavage of the Cf--C 2 
bond of the f i v e - m e m b e r e d  r ing.  The in te rmedia te  
benzyl der iva t ives  VII then r e a r r a n g e  to form 3 - a r y l -  
3-hydroxy-  2-phenyl iminodihydr  ois oquinol- 1-ones (VIII) 
which give the ure thanes  XIII with phenylisocyanate.  
The IR spec t rum of the la t te r  contains the bands most  
impor tant  for the ca rbamates  [6]. The IR spec t ra  of 
the isoquinolones VIII themselves  also confirm the 
s t ruc tu re  adopted for them (Table 1). 

I /~ltC6Hs 

" " L  c0.: NC6H 5 
Y VI 

VIII a 

1493 
(8) 

1544 
(9) 

1599 
(9) 

1668 
(lO) 

33'58 
(lO) 

Vllb VIIIe  

1505 1493 

(~) 
1599 1596 
(lo) (,5) 
1650 1658 
(8) (10) 

e 

3348 3337 
(lO) (lo) 

Table  1 

Inf ra red  Spectra  of the Compounds Obtained* 

Assignment of the 
XI accord- XII XIII bands according IX a IX c X XI ing  t o  [9] 

150: 149, 1502 14'96 1501 1504 1494 
(9) (9) (7) (6) (7) (6) (7) 

159! 159; 1600 1594 1694 1598 1,594 
(8) (6) (8 )  (5) (6) (4) (4) 

168', 167! I676 1688 169 1 1694 1,692 
(9) (8) (10) (10) (lO) ( t0) (lO) 

170', 171', 
(10} (101 

2977 
0,0) 

3391 3377 3409 3379 3377 3302 
(10) (10) (1O) (10) (10) (10) 

to [61 

of aromatic rings 

? 

V of aromatic rings 

v c = o  of a cyclic amide 

"9c= o of an aroyl group 

vibrations of  CH 3 for 
an ethoxy group 

v of NH and OH 
groups 

*The spectra were recorded on an IKS-I4 instrument. In the 1480-1800 C m  "1 region the samples of the substances were ex- 
amined in paraffin oil and in the 2400-3600 cm -1 region in hexachlorobutadiene. The relative intensities of the bands (back- 
ground taken as zero and the strongest band as 10) are given in brackets. 
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Table  2 

Resul t s  of Catculat ion of  a Number  o f /3 -Aminoviny l imines  

Formula for 7r skeleton of the system 

H~N--C~C--C=NH 

- - N - - C = G - - C = N - - ~  

Nit 

0 

bonds relative to a coplanar arrange~ highest occupied 
m e n t  of the groups ~ orbital in/3 o units 

~ - -N 50~ 

C--C 20~ 

C--N and ~- -N 25~ C--C 20~ 

C--N and ~- -N 25~ C--C 20~ 

0.6824 

0.5812 

0,5004 

0,4647 

0.5115 
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Table  3 

3 -Ary l -  3 -hydroxy-2 -pheny l -4 -pheny l iminod ihydro i soqu ino l - l -ones  

Com- Mp, ~ 
pound 

Vl l Ia  I 175--177 
VIIIb I78---I79 
VIIIc 193--195 

Empirical for- 
mula 

C27H2oN202 
C28HnN~Oa 
CaIH22NaO2 

] Found, % 

0,21 5.09 
I 77 62 5.38 
I 8~3~1 5,% 

] Calculated, % J Yield, 

6.93 . ~ 4.95 6.93 80 
657  77.56 5.07 6.45 75 
6.35 82.18 485 6. I7 81 

o ] 
II C H 

VH 

0 
~ / Q I I  /C0H s {OT >o. 
" ~ / p " ~ \ R  

NC~H 5 

VIII 0[ 
J ~  

K ' ~ . ~ N  / Csts 

LLJj. 2( 
NC6H ~ 

XIII 

= f 'F-q 

ix 

OH' ~ ' - T - - - ~  -~0 

HNCgH s 0 

~ ,g,O C~HsOH / 0  

OH OC~N s 
Xl Xll 

V-IX R= a) C6H8~ b) p-CH3OC6H4; c) ~z-CloH 7 

The dura t ion of the reac t ion  descr ibed depends on 
the amount of the s ta r t ing  mate r i a l .  The passage of 
oxygen through the reac t ion  mix ture  while it is boil ing 
does not acce le ra te  the reac t ion  and does not i nc r ea se  
the yield. When the aminoindenes  were boiled in iner t  
solvents  in an a tmosphere  of carbon dioxide, only 
t races  of the isoquinolones were obtained and the s t a r t -  
ing ma te r i a l s  were unchanged. This exper iment  con- 
f i rms  the decis ive  ro le  of a tmospher ic  oxygen in this 
react ion.  In hydroxyl-eonta in ing solvents  (alcohols, 
acids) the aminoindenes  V are  not oxidized. In this 
case the molecules  of V are probably s tabi l ized by 
associat ion.  

All the isoquinolones VIII obtained a re  yellow c r y s -  
ta l l ine  subs tances  readi ly  soluble in halogenohydrocar-  
bons and in the usual  a romat ic  hydrocarbons  and spa r -  
ingly soluble in heptane and pe t ro leum ether.  

On being boiled in polar  media,  compounds VIII 
rapidly and i r r e v e r s i b l y  i somer i ze  into the cor respond-  
ing 1- ar  oyl-  1 -phenylamino-2-phenyl i so indo l -  3-ones  

(IX). This indicates  that in the t e rna ry  r ing -cha in  tau- 
tomer ie  sys tem VI I -VI I I - IX  the i somer  with the f ive-  
m e m b e r e d  r ing is the most  stable,  as in [7]. In polar  
solvents  the migra t ion  of the proton n e c e s s a r y  for this 
protot ropic  convers ion is cons iderably  facil i tated.  In 
ine r t  solvents  the i somer i za t ion  of VIII into IX r e -  
qui res  prolonged boiling. 

The isoindolones IX obtained a re  co lor less  c r y s t a l -  
l ine subs tances  modera te ly  soluble in chloroform and 
alcohol and readi ly  soluble in acetic acid. The IR spec-  
t ra  conf i rm the s t ruc tu re  IX. As was to be expected, 
the f requency of the amide band in IX at 1690 cm - i  is 
higher than that for the s i x - m e m b e r e d  i somer  VIII at 
1650 cm-* (see Table  1). 

The isoindolones IX are  hydrolyzed by alcoholic a l -  
ka l ies  and alkoxides to the same compounds 2-phenyl-  
1 -phenylamino iso indo l -3 -one  (X), with the e l iminat ion  
of the respec t ive  organic acid. In the IR spec t rum of 
X the aroyl  band has disappeared.  

On hydrolys is  with dilute mine ra l  acids in ethano- 
l ic solution, the 1-phenylaminoisoindolone X loses  
ani l ine  and fo rms  1-hydroxy~2-phenyl i so indol -3-one  
(XI), which has been obtained independently by the r e -  
duction of phthalanil  [8]. The v ibra t ional  spec t ra  of 
compounds X and XI a re  given in Table  1. We have 
found that the spect roscopic  data given in the l i t e r a -  
ture  for the 1-hydroxyisoindolone XI [9] {amide v ~  
1652 cm -1 and VNH 3280 cm -1) a re  er roneous .  

On being boiled with ani l ine in acetic acid, the 1- 
hydroxyindolone XI formed the ini t ia l  1 -phenylamino-  
isoindolone X, and on being boiled with eonc HC1 in 
ethanol it was etherif ied to fornl  1-e thoxy-2-phenyl -  
i so indo l -3 -one  (XII). 

The hydrolysis  of the 1-phenylaminoisoindolone 
X with conc HC1 in ethanol also led to the 1-ethoxy- 
isoifidolone XlI. The reac t ion  of XII with ani l ine  in 
acet ic  acid re fo rmed  X. All these react ions  confirmed 
the s t ruc tu re  of the compounds obtained and descr ibed  
by us previously .  

Only N-phenyl - subs t i tu ted  1 -amino -3 - imino indenes  
(V) take par t  in such an oxidation react ion;  al iphatie 
f l -aminovinyl imines  and N-unsubs t i tu ted  1 - a m i n o - 3 -  
imino-2-phenyl indene  are  stable to the action of oxy- 

Table  4 

1 -Aroy l -2 -pheny l -  1 -phenylaminoiso indol -3-ones  

Com- 
pound Mp,~C Empirical formula 

C2rH20N~O~ 
C28H22N~Oa 
Ca,H2~N20~ 

Found, % 

C [ H 

80.24 5.06 
76.89 5.12 
81.85 4.92 

Calculated, % 

N C H N 

6.91 80. I9 4.95 6.93 
6.23 77.56 5.07 646 
6.11 8-9.18 4,85 6.17 

IXa 171--172 
IX b 181 183 
IXc 188--I90 
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gen. This appeared unexpected since the oxidizability 
of the N-phenyl derivatives should be lower because 
of the electron-attracting effect of the aromatic rings. 

However, quantum mechanical calculations by the 

LCAO MOH method (see Table 2) explain the experi- 
mental results fully. The majority of the parameters 
h and k for the determination of the resonance and Cou- 
lomb integrals were taken from a published paper [I0]; 

the values of the others were: h N = 0.5; k~N = 1.0. 
The resonance integral was calculated additionally in 

cases where the structure of the molecule requires 
rotations of groups round an ordinary bond. The angles 
of rotation were evaluated roughly from molecular 

m o d e l s  of  t h e  s u b s t a n c e s .  

A s  c a n  be  s e e n  f r o m  t h e  r e s u l t s  of t h e  c M e u l a t i o n ,  

i t  i s  j u s t  t h e  a m i n o v i n y l i m i n e s  of t y p e  V t h a t  h a v e  t h e  

g r e a t e s t  o x i d i z a b i l i t y o  T h e  p h e n y l  g r o u p  d o e s  n o t  d e -  

c r e a s e  b u t ,  r a t h e r ,  i n c r e a s e s  t h e  t e n d e n c y  of  t h e  g i v e n  

7 r - s y s t e m s  to  g i v e  up  e l e c t r o n s .  T h e  r e p l a c e m e n t  of a 

p h e n y l i m i n o  g r o u p  by  a c a r b o n y l  g r o u p  m a r k e d l y  r e -  

d u c e s  t h e  o x i d i z a b i I i t y  of t h e  s y s t e m  a s  c o m p a r e d  w i t h  

s u b s t a n c e s  h a v i n g  a f i - a m i n o v i n y l i m i n e  s t r u c t u r e .  

EXPERIMENTAL 

8-Aryl-3-hydroxy-2-phenyl-4-phenyltminodihydroisoquinol- 1 - 
ones (VIII). The appropriate ini t ia l  aminovinylimine V (0.2 g) was 
boiled in chloroform for 3 hr. The reaction mixture was cooled and 
two volumes of heptane were added with rubbing with a glass rod, and 
the mixture was placed in the refrigerator. On the following day the 
yellow crystals were separated off and recrystallized from toluene. 
After the separation of the VIII from the mixture of chloroform and 

heptane, the evaporation of the latter in the air yielded the ini t ia l  

substance unchanged: 0.08 g of Va, 0.05 g of Vb, and 0.05 g of Vc. 
The yields were calculated on the V that had reacted. 

1-Aroyl-2-phenyl-l-phenylaminoisoindol-8-ones (IX). An iso- 
quinolone VIII was dissolved in a small amount of ethanol by boil-  
ing and boiling was continued until the yellow color of the solution 
had changed to l ight yellow or colorless. On cooling, the correspond- 
ing compound IX crystallized out in colorless form. 

2-Phenyl-2-phenylaminoisoindol-a-one (X), A compound IX (0,1 
g) was boiled with 3 ml  of 3% sodium merhoxide or in a mixture of 
5 mi  of ethanol and 2 ml of 10% aqueous caustic soda for 5 min. On 
cooling, 0.05 g (76%) of the white substance X crystallized out. Mp 
159--160 ~ C (from ethanol). Found, %: C 79.72; H 5.54; N 9.38. Cal- 

culated for Cz0H16NzO, ~ C 80.00; H 5.35; N 9.34. The corresponding 
acid was detected in the filtrate. 

A mixture of 0.2 g of XI or XIII, 3 ml  of acetic acid, and 0.2 ml 
of aniline was boiled for 3 rain. The reaction mixture was cooled, 
diluted with 3 volumes of water, and the resin that deposited was 
washed with water. On trituration with ethanol the substance crystal- 

lized. Yield 0.18 g (67-75%) of X. 

1-Hydroxy-2-phenylisoindol-3-one (XI). A mixture of 0.1 g of 
the phenylaminoisoindolone X, 6 ml  of ethanol, and 1.5 ml of dil 
(1 : 1) HCI was boiled for 1 hr. The reaction mixture was cooled, 12 ml 
of water was added, and 18 mi of liquid was distilled off. The residue 

was crystallized from ethanol. This gave 0.05 g (69%) of colorless 
acicular crystals with mp 167-169 ~ C. A mixture with an authentic 
sample [9] gave no depression of the melting point. Aniline was de- 

tected in the filtrate. 

1-Ethoxy-2-phenylisoindol-8-one (XlI). A) A mixture of 0.4 g of 
the phenylaminoisoindolone X, 25 ml of ethanol, and 5 ml of cone 
HC1 was boiled for 1.5 hr and was then cooled and diluted with 20 ml 
of water. On the following day, 0.22 g (63%) of XII was separated off 
in the form of small colorless needles with mp 79-80 ~ C (from dil eth- 

anol). Found, %: C 75.54; H 5.74; N 5.82. Calculated for C16HIsNO 2, 

%: C 76.00; H 5.93; N 5.82. 

B) A mixture of 0.1 g of the hydroxyisoindolone XI, 2 ml  of eth- 
anol, and 0.5 ml of cone HCI was boiled for t hr. The mixture was 
cooled and diluted with three volumes of water. On the following 

day 0.06 g (46%) of XlI was separated off. 

Phenylurethane of 8-hydroxy-2, 8-diphenyl-4-phenyliminodihydro- 
isoquinol- l-one (XIII). A mixture of 0.2 g of Villa and 0.058 g (1 : 1) 
of phenylisocyanate was heated until a homogeneous red-violet solu- 
r.ton had been formed. Then it was cooled and 1 ml of absolute ben- 
zene was added. On rubbing with a glass rod, a colorless substance 
crystallized out. After 1 hr, the precipitate was separated off and 

washed with heptane, giving 0.18 g (50%) of XIII with mp 251-252 ~ C 

(from ethanol). Found, %: C 78,47; H 5,09; N 8.28. Calculated for 

Cz4HzgNsO z, %: C 78.00; H 4.78; N 8.03. 
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