
RING-CHAIN TRANSFORMATIOI~TS WITH THE PARTICIPATION 

OF THE C =N GROUP 

III.* 3-ARYL-3-ARYLAMINOPERINAPHTHALIDES AND 2,3-DLARYL-3- 

HYDROXY-2,3-DIHYDRO-IH-BE NZ [d,e]ISOQUINOLIN-1-ONES 

R. ]~. Valter and V. R. Zin'kovskaya UDC 547.816'833.7'9:541.623 

In reaction with primary aromatic amines, 3-aryl-3-chloroperinaphthalides form 3-aryl- 
3-arylaminoperinaphthalides. The ring-chain tautomerism of these compounds has been 
studied and isomerization has been realized in the 2,3-diaryl-3-hydroxy-2,3-dihydro-IH- 
benz [d,e Its oquinolin-l-ones. 

It has been established previously [2] that in reaction with 3-chloro-3-phenylphthalide primary aro- 
matic amines attaekthe carbon atoms in positions 1 and 3 with the formation of a mixture of 2,3-diaryl-3- 
hydroxyisoindolinones and 3-arylamino-3-phenylphthalides. In the present work we have investigated the 
reaction of 3-aryl-3-chloroperinaphthalides (If, IV) with primary aromatic amines in order to determine 
the predominant direction of attack of the nucleophilie agent and to study the ring-chain isomeric trans- 
formations of the products of this reaction. 

8-Benzoyl- and 8-(p-methoxybenzoyl)naphthoic acids (I, II) were obtained by the action of the appro- 
priate diarylcadmiums onnaphthalic anhydride [3]. Judging from their IR spectra, in the crystalline state, 
the acid (I) has the ring structure (IB) and acid (II) the open structure (IIA). In dioxane solution there is 
tautomeric equilibrium A ~ B (see [4, 5]). The higher intensity of the diaryl ketone C ~O band in the 
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III, V, VII, IX, XIII--XV Ar=CGI-[~; If, IV, VI, VIII, X, XVI AI=p-CH,OC~H~. 
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* For Communication (II), see [I]. 
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Fig. I. UV spectra in ethanol: I) (V); 2) (XI);3) 
(XII); 4) (V) in the presence of 0.I N KOH. 

spectrum of the acid (II) indicates  that in the solution of (II) the 
tautomeric  equi l ibrium is  shifted further in the direct ion of the 
open form A than in the solut ion of (I). Obviously,  under the in-  
f luence of the +C ef fect  the methoxy group lowers  the e l e c t r o -  
phil icity of the carbon atom of the keto group and, consequent ly ,  
d e c r e a s e s  the tendency of the acid (II) to ex i s t  in the ring form.  
In the IR spec tra  of 8-aroylnaphthoyl  ch lor ides  in dioxane there 
is  only one C = O  band of a s i x - m e m b e r e d  ch loro lactone  [6] at 
1735 cm -1, showing their  ring s tructure  as 3 - a r y l - 3 - c h l o r o -  
perinaphthalides (III, IV). 

Compounds (HI) and (IV), unlike 3 - c h l o r o - 3 - p h e n y l -  
phthalide [2], undergo nucleophil ic  attack by ary lamines  only in 
posit ion 3 with the format ion of 3 -ary l -3 -ary lazn iaoper inaph-  
thai[des  (V-X, Table 1). Inorder  to study the tautomer ic  equi l ib-  
r ium VC ~ VD, we synthes ized  fixed model  open and ring f o r m s  - 
the anil  of 1 -benzoy l -8 -methoxycarbonylnaphtha lene  (XI) and 3-  
diphenylamino-3-phenylperinaphthal ide  (XII). In the ]R spec trum 
of a dioxane solut ion of (V), the naphthalide C ----O band is s i m -  
i lar in frequency and integral  intensity  to the C ----O band in the 
spec trum of the fixed model  (XII). Ethanolic  solut ions  of these  
compounds (V and XII) have identical  absorption curves  in the 
UV region of the spec trum (Fig.  1). Consequently ,  in neutral  
so lut ions ,  the equi l ibrium VC -~ VD is ,  within the l imi ts  of s e n s i -  
t ivity of the methods  of UV and IR spec troscopy ,  displaced c o m -  
plete ly  in the direct ion of VC. On comparing  these  re su l t s  with 
information [2] on the tautomer ic  equi l ibrium of the 3 - a r y l -  
amino-3-phenylphthal ides  it can be seen that the stabi l i ty  of the 
ring form C is  higher for the 3 -ary l -3 -ary laminoper inaphtha l ides .  
Using three -d imens iona l  mode l s  it is poss ib le  to convince  one-  
se l f  that in the mo lecu l e  of  (VD) the C = N  and COOH groups,  
the in tramolecu lar  react ion  between which leads to the ring 
form (VC), are c l o s e r  in space than in the anil  of 2 -benzoy lben-  
zo ic  acid. 

The action of base s  on (V) forms  the anion of the open 
s tructure  (VE). This is  conf i rmed  by the s imi lar i ty  of the UV 
spec trum of (V) in 0.1 N ethanol ic  caust ic  soda solution and the 
spec trum of  the model  substance (XI) (Fig. 1). The ring form 
(C) a lso  predominates  in dioxane so lut ions  of the other 3 - a r y l -  
3 -ary laminoper inaphthal ides  (VI-X) within the l imi ts  of s e n s i -  
t ivity of the IR- spec troscop ic  method.  
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Fig.  2. IR spec t ra :  1) (XIII) in dioxane; 2) (XIII) as a mull  in p a r a f -  
fin oil; 3) {XIV) in a KBr tablet .  

The i somer iza t ion  of the 3 -a ry l -3 -pheny laminoper inaph tha l ides  (V, VI) into the 2 , 3 - d i a r y l - 3 - h y d r o x y -  
2 ,3 -d ihyd ro - lH-benz [d , e ] i soqu ino l i n - l -ones  (XV, XVI) was brought  about t h e r m a l l y  or  by the success ive  
t r e a t m e n t  of compounds (V, VI) with thionyl chlor ide and aqueous sodium carbonate  solution. In the EL 
s p e c t r a  of the c rys ta l l ine  subs tances  (XV and XVI) there are  b road  OH bands at 3300 cm - I .  The f requency 
of the C = O  bands is lowered in compar i son  with the spec t r a  of solutions in dioxane (Table 1), which shows 
the p resence  of C -----O ... H - O  i n t e rm o l ecu l a r  hydrogen bonds in the c ry s t a l  la t t ice .  Compounds (XV} and 
(XV1) are  cycl ic  i s o m e r s  of anil ides of 8-aroylnaphthoic  acids ,  but it p roved  to be imposs ib le  to ef fec t  
thei r  t h e r m a l  i somer iza t ion  into the cor responding  ani l ides .  

The action of thionyl chloride on (V) fo rms  3 -ch lo ro -2 ,3 -d ipheny l -2 ,3 -d ihydro - lH-benz [d , e ]qu ino l in -  
1-one (XIH). The c rys ta l l ine  substance  (XIII) is yellow and in its IR spec t rum there is an intense C ~ O  
band at 1738 cm - l .  In the s p e c t r u m  of a dioxane solution of (XIII) a v e r y  intense C ~ O  band appears  at 
1662 c m  -l,  which co r r e sponds  well  to the s p e c t r a  of compounds (XV) and (XVI). When substance (XIII) i s  
d issolved in dioxane the intensi ty of the yellow colora t ion falls  sharp ly .  Consequently,  in dioxane, c o m -  
pound (XIII) ex i s t s  p redominant ly  in the fo rm (XIIIF) and in the c rys ta l l ine  state in the t au tomer ic  fo rm 
(XIIIG). 

It has been shown [7] that the action of antimony pentachloride on 3-chloro-2,3-diphenylisoindolinone 
(X-VII) forms 2,3-diphenyl-l-oxoisoindolium hexachloroantimonate. In the present work we have used this 
method to obtain l-oxo-2,3-diphenyl-IH-benz[d,e]isoquinolinium hexachloroantimonate (>[IV). The similar- 
ity of the IR spectra of the crystalline compounds (XIII) and (XIV) in the 1850-1500 cm -i region (Fig. 2) is 
convincingproofof the fact that compound (XIII) has the immontum structure (XIIIG) in the crystalline state. 
This distinguished compound (XIII) from its five-membered analog (XVII) [2,7] and is apparently explained 
by the fact that the formation of a double bond in a six-membered ring is more favorable than in a five- 
membered ring. 

EXPERIMENTAL 

The IR spectra were obtained on art IKS-14A instrument using mulls in paraffin oil and hexachloro- 
butadiene and solutions in dioxane (c 5 �9 10 -2 M, I = 0.011 cm). The integral intensities of the C ~-~O bands 
were calculated by the Wilson-Wells method with Ramsay's wing correction [8]. The calculation was per- 
formed by S. P. Valter and A. V. Burkevits, for which we express our thanks to them. The UV spectra were 
obtained on anS FD-2 instrument in ethanol (c 10 -4 M). 

The individualities of the substances were checked chromatographically in a thin layer of alumina of 
activity grade II. The thickness of the layer was 0.5 ram, the eluent benzene- acetone (10 : 1), and the 
chromogenie agent fluorescein. The Rf values are given in Table I. 

8-Benzoylnaphthoic Acid (I). Obtained by the method of Nightingale et al. [3]. IR spectrum, cm-i: 
in Nujol, v C =O 1687 broad band, VO_ H 3200 broad band; in dioxane, v C =O 1733 (e 480), 1670 (e 120). 

8-(p-Methoxybenzoyl)naphthoic Acid (II). With stirring, 25.5 g (0.139 mole) of anhydrous cadmium 
chloride was added to a solution of 0.3 mole of p-methoxyphenylmagnesium bromide in 75 ml of ether 
cooled to 0~ and then the solution was boiled for 2 h. The ether was evaporated off and to the dry residue 
were added 250 ml of anhydrous toluene and 20 g (0.i mole) of naphthalic anhydride. The mixture was 
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heated at 100~ and s t i r r ed  for 4 h, af ter  which it  was cooled and 400 ml of dilute (1 : 1) hydrochlor ic  acid 
was added. St i r r ing  was continued, and af ter  an hour the precipi ta te  was separa ted  off. The acid so ob- 
tained was reprec ip i ta ted  with dilute hydrochlor ic  acid f rom 500 ml of 10~c aqueous sodium carbonate  solu-  
t ion.  Yield 23.6 g (77%). mp 192-193~ (from ethanol).  IR spec t rum,  cm- l :  in Nujol, Vc= O 1685 (carboxyl), 
1647 (diaryl ketone), vO_ H 2950 broad band; in dioxane, vC= O 1729 (s 465), 1662 (e 220). Found, ~c: C 74.5; 
H 4.4. C19H1404. Calculated, %: C 74.5; H 4.6. 

3-Chloro-3-phenylper inaphthal ide  (HI). This was obtained by the same method [3]. mp 126-128~ 
(lit. [3]: mp 127-128~ IR spec t rum (in dioxane): Vc= O 1731 cm -1 (e 630). 

3-Cbloro-3-(p-methoxyphenyl)per inaphthal ide  (IV). A solution of 4.3 g (0.014 mole) of the acid (II) 
and 3.3 ml (0.046 mote) of thionyl chloride in 35 ml of anhydrous benzene was boiled for  1 h and f i l tered,  
and to the f i l t ra te  was added 25 ml of hexane.  After  24 h the c rys t a l s  that had formed were  separa ted  off. 
Yield 3.0 g (65%), mp 170-172~ IR spec t rum (in dioxane): Vc= O 1735 cm -1 (s 490). Found, ~ :  C1 10.5. 
C~9H13C103. Calculated, %: C1 10.9. 

3 -Aryl -3-ary laminoper inaphtha l ides  (V-X). A solution of equimolar  amounts (0.0035 mole) of (HI) 
or  (IV), an ary lamine ,  and t r ie thylamine in 10 ml of anhydrous dioxane was heated at 100~ for 2 h. Then 
it  was cooled and the t r te thylamine hydrochlor ide  was separa ted  off. The solution was evaporated in 
vacuum and the res idue was r ec rys t a l l i z ed  f rom benzene,  giving compounds (V-X) (Table 1). 

Anil of 1-Benzoyl-8-methoxycarbonylnaphthalene  (XI). An excess  of diazomethane in e the rea l  solu-  
tion was added to a solution of 0.22 g of (V) in 10 ml of dioxane. After  24 h the solution was evapora ted  
in vacuum. The yield of light yellow c rys ta l s  was 0.18 g (75~c). rap 160-161~ (from c y c l o h e x a n e - n -  
hexane).  ]R spec t rum,  cm- t :  in Nujol, Vc= O 1727, VC= N 1617; in dioxane, v c =  O 1727 (~ 430), VC=Nl l61  
(~ 150). Found, %: C 82.7; H 5.2; N 3.9. C25HIgNO 2. Calculated, %: C 82.2; H 5.2; N 3.8. 

3-Diphenylamino-3-phenylperinaphthal ide (XII). A solution of equimolar  amounts (0.0035 mole) of 
(HI), diphenylamine, and t r ie thylamine in 10 ml of dioxane was kept at room tempera tu re  for 24 h, and the 
t r ie thylamine hydroehlor ide  was separa ted  off. The solution was evaporated in vacuum and the res idue 
was r ec rys t a l l i z ed  f rom benzene to give (XH) (Table 1). 

3 -Chloro-2 ,3 -d ipheny l -2 ,3 -d thydro- lH-benz  [d,e]isoquinolin-l-one (XIII). A solution of 0.3 g of (V) 
and 0.2 ml of thionyl chloride in 10 ml of anhydrous benzene was boiled for 30 min and was then evapora ted  
in vacuum to give 0.25 g (76%) of yellow c ry s t a l s .  These  were  dr ied  invacuum over  phosphorus per~toxide~ mp 
220-222~ The IR spec t r a  are  given in Fig.  2. Found, %: C1 9.5; N 3.6. C24HI~C1NO. Calculated, %: C1 
9.6; N 3.8. 

1 -Oxo-2 ,3-d iphenyl - lH-benz  [d,e]isoquinolinium Hexachloroantimonate (XIV). With cooling and s t i r -  
ring, a solution of 0.05 ml of antimony pentachloride in 5 ml  of benzene was slowly added to a solution of 
0.08 g of (XIII) in 25 ml of anhydrous benzene.  The resul t ing yellow crys ta l l ine  precipi ta te  was separa ted  
off, washed with benzene,  and dr ied in a vacuum des icca tor  over  phosphorus pentoxide, mp 243-245~ (de- 
comp.) .  Found, %: C1 31.8. C24HI6C16NOSb. Calculated, %: C1 31.8. 

2 ,3 -Dia ry l -3 -hydroxy-2 ,3 -d ihydro- lH-benz[d ,e ] i soqu ino l in - l -ones  (XV, XVI). A. Compound (V) 
(0.3 g) was heated at 200~ for  5 min and was then cooled,  af ter  which rec rys ta l l i za t ion  f rom benzene 
yielded co lo r l e s s  c rys t a l s  of CXV). 

B. A solution of 0.0015 mole of (V or VI) and 0.3 ml of thionyl chloride in 20 ml of anhydrous ben-  
zene was boiled for  30 min and evapora ted  in vacuum. The res idue was t r i tu ra ted  with 10 ml of 3~c aqueous 
sodium carbonate  solution. The undissolved ma t t e r  was separa ted  off, washed with water ,  dried,  and r e -  
c rys ta l l i zed  f rom benzene.  This gave co lor less  c rys ta l s  of (XV) or (XVI), r espec t ive ly  (Table 1). 
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