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The prev ious ly  unknown oxabenzo[c]phenanthrenium sal ts  were  synthesized f r o m / 3 - v e r a t r y l - a -  
naphthol and its ace ta te .  

Despi te  the fact that o -ary lphenols  (naphthols) in a number  of cases  display the p rope r t i e s  of the c o r r e -  
sponding unsatura ted  cyclic  ketones [2], up until now they have not been used in the synthesis  of 2 -benzopyry -  
lium sa l t s .  One of the reasons  for  this is apparent ly  the lack of re l iable  methods for  the synthesis  of the s t a r t -  
ing ary la ted  phenols and naphthols [2]. 

In our opinion, a method for  the i r  synthesis  based on the well-known (in the c h e m i s t r y  of pyry l ium salts) 
alkaline condensation [4] of a , -benzyl-subst i tu ted pyry l ium sa l t s  may be of definite p repa ra t ive  value.  

In the p resen t  p a p e r  we descr ibe  the synthesis  of p -ve ra t ry l -o , -naph tho l  (IIIa) by condensation of the open 
form of 1 - (3 ,4 -d ime thoxybenzy l ) -3 -me thy l -6 ,7 -d ime thoxy-2 -benzopyry l ium pe rch lo ra t e  and the p repara t ion  f rom 
it of the p rev ious ly  unknown polycycl ic  2-benzopyryl ium sa l t s  - oxabento[c]phenanthrenium sa l t s  (IV). 
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The acylat ion of ~-naphthol  TIIa with aliphatic anhydrides  in the p re sence  of perch lor ic  acid or  polyphos-  
phoric acid (PPA) and phenylacet ic  acid in PPA made it poss ible  to obtain sa l ts  IVa-e in htgh yields.  

Attempts to synthesize the 6-unsubstituted salt by the Riehe [5] and Vilsmeier-Haack [6] methods for 
direct formylation in the ring were unsuccessful. However, we were able to isolate salt IVd in 75% yield by 
treatment of the naphthol with excess 98% formic acid in PPA. In this case the O-formyl derivative is probably 
formed initially and then undergoes cyclization to the salt. 

Cyclization to naphthol acetate IIIb, which can be obtained either by reaction of the open form of II with 
acetic anhydride in the presence of triethylamine or, in quantitative yield, by heating naphtol Ilia with acetic 

anhydride without a catalyst, occurs just as smoothly on treatment with PPA. 

As in the acylation of enol acetates [i], treatment of the naphthol acetate with a mixture of propionic an- 
hydride and perchloric acid or PPA led to salts with an ethyl group in the 6 position. 

* See [1] for communicat ion XVIII. 
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T A B L E  1. Cond i t ions  fo r  the  P r e p a r a t i o n  of 2 , 3 , 8 , 9 - T e t r a m e t h o x y -  
6 . 1 1 - d i m e t h y l - 5 - o x a b e n z o [ c ] p h e n a n t h r e n i u m  P e r c h l o r a t e  (IVa)* 

No. 
Starting 
compound 

Acylating 
agent 

Catalyst 

~ a g e n t /  
catalyst 

Conditions 

t Naphthol 

2 ! Naphthol 

3 Naphthol acetate 

4 Naphthol acetate 

(CHaCO).,O 

(CHsCO)~O 

(CHaCO)20 

PPA, tenfold 
excess 

HC104, 11 : 1 

PPA, tenfold 
excess 

HC104, I I : 1 

1 h, 75--800 

For afew seconds 
at 100 ~ and for 
24 h at room 
temperature 

25 min, 130 ~ 

For 24 h at room 
temperature 

Yield, go 

Quantitative 

51 

83 

67 

* Th i s  compound  had m p >  310 ~ ( f rom n i t r o m e t h a n e ) .  PMR s p e c -  
t r u m :  6 2.85 (s,  CH3) ; 3.13 (s, CH3) ; 3.73, 3.80. 3.85, and 4.00 
( four  CH30 g r o u p s ) :  and 7 .05-8 .20  ppm (m, 5H). Found:  C 57.8:  
H 5 . 2 ;  C18.0,~.  C2aH23C109. C a l c u l a t e d :  C 5 7 . 6 ;  H 4 . 8 ;  C17.9,~.  
IN s p e c t r u m :  1610, 1505, 1255, 1100 cm -1. - 

An i n d i r e c t  p r o o f  for  the  o c c u r r e n c e  in th is  c a s e  of i n t e r m o l e c u l a r  a c y l a t i o n  is the e x t r e m e  s t a b i l i t y  of 
naph to l  a c e t a t e  IIIb u n d e r  v a r i o u s  cond i t i ons  of ac id i c  and b a s i c  h y d r o l y s i s .  

E X P E R I M E N T A L  

The IN s p e c t r a  of m i n e r a l  oi l  s u s p e n s i o n s  of the compounds  w e r e . r e c o r d e d  wi th  a S p e e o r d  71 IB s p e c t r o -  
m e t e r .  The  PMR s p e c t r a  of CFaCOOH so lu t i ons  of the  compounds  w e r e  r e c o r d e d  with a T e s l a  s p e c t r o m e t e r  
with an o p e r a t i n g  f r e q u e n c y  of 80 MHz at 60 ~ with h e x a m e t h y l d l s i l o x a n e  as  the  i n t e r n a l  s t a n d a r d .  

3 , 4 - D i m e t h o x y - 6 - h o m o v e r a t r o y l p h e n y l a c e t o n e  (II). A so lu t ion  of 2.5 g of NaOH in 5 ml  of w a t e r  .was 
added to a s u s p e n s i o n  of 4 g (0.009 mole)  of 1 - ( 3 , 4 - d i m e t h o x y b e n z y l ) - 3 - m e t h y l - 6 , 7 - d t m e t h o x y - 2 - b e n z o p y r y l i u m  
p e r c h l o r a t e  [7] in 15 m l  of e thanol ,  a f t e r  which the m i x t u r e  was r e f l u x e d  fo r  2 h. The  a l coho l  was then r e m o v e d  
by d i s t i l l a t i o n ,  and the r e s u l t i n g  p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i o n  and d r i e d  to g ive  2.5 g (81%) of ye l l ow  
c r y s t a l s  with mp 187 ~ ( f rom a lcoho l ) .  Found :  C 67.6; H 6.3~0. C2IH2106. C a l c u l a t e d :  C 67.7; H 6.4%. IN 
s p e c t r u m :  1670, 1610, and 1250 cm -1. 

2 - ( 3 . 4 - D i m e t h o x y p h e n y l ) - 3 - m e t h y l - 6 , 7 - d i m e t h o x y - a - n a p h t h o l  (I l ia) .  A s u s p e n s i o n  of 9.4 g (0.0253 mole)  
of the  open fo rm of  II and 25 g of NaOH in 200 m l  of w a t e r  was r e f luxed  for  6 h, a f t e r  which  it was  coo led ,  and 
4.8 g (51c}) of the unchanged  open fo rm of II was r e m o v e d  by f i l t r a t i o n .  The  f i l t r a t e  was  a c i d i f i e d w i t h c o n c e n t r a -  
ted  h y d r o c h l o r i c  ac id ,  and the r e s u l t i n g  p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i o n  and d r i e d  to g ive  1.7 g (39% b a s e d  
on the c o n v e r t e d  open form)  of l i g h t - y e l l o w  c r y s t a l s  with mp 177 ~ ( f rom a lcohol ) .  IN s p e c t r u m :  3520, 1600, 
and 1565 cm -1. Found:  C 71.5: H 6.7%. C21He205. C a l c u l a t e d :  C 71.2; H 6.4c~. 

2 - ( 3 . 4 - D i m e t h o x y p h e n y l ) - 3 - m e t h y l - 6 , 7 - d i m e t h o x y - a - n a p h t h o l  A c e t a t e  (IIIb). A so lu t i on  of 1.5 g (0.004 
mole)  of the  open f o r m  of II and 2 m l  of t r i e t h y l a m i n e  in 15 ml  of ace t i c  a n h y d r i d e  was r e f luxed  fo r  24 h, a f t e r  
which it was  coo led  and p o u r e d  into w a t e r .  The  e x c e s s  ace t i c  a n h y d r i d e  was n e u t r a l i z e d  with s o d i u m  c a r b o n a t e ,  
and the r e s u l t i n g  oi l .  which c r y s t a l l i z e d  r a p i d l y ,  was washed  with w a t e r  and d r i e d  to g ive  0.5 g (31%) of l i gh t -  
ye l l ow  c r y s t a l s  with mp 156 ~ ( f rom a lcohol ) .  IN s p e c t r u m :  1760, 1605, and 1575 cm -1. Found:  C 73.9; H6.07c. 
C23H2406. C a l c u l a t e d :  C 73.4:  H 6.4c~. 

2 . 3 , 8 . 9 - T e t r a m e t h o x y - 6 - e t h y l - l l - m e t h y l - 5 - o x a b e n z o [ e ] p h e n a n t h r e n i u m  P e r c h l o r a t e  (IVb). A) A m i x t u r e  
of 0.2 g (0.001 mole)  of naphthol  a c e t a t e  IIIb, 0.3 g (0.002 mole)  of p r o p i o n i c  a n h y d r i d e ,  and 5 g of PPA was 
hea ted  at 130 g with v i g o r o u s  s t i r r i n g  for  15 rain.  The  r e a c t i o n  m i x t u r e  was  then  h y d r o l y z e d  with cold  w a t e r  
and a c i d i f i e d  with 30% HC104, and the  r e s u l t i n g  p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i o n ,  washed  s u c c e s s i v e l y  with 
a c e t i c  ac id  and e t h e r ,  and d r i e d  to g ive  0.2 g (74%) of o r a n g e  c r y s t a l s  with mp ". 310 ~ ( f rom n i t r o m e t h a n e ) .  IN 
s p e c t r u m :  1610, 1505. 1255. and 1100 c m  -1. PMR s p e c t r u m :  5 1.45 (t, CH3): 2.85 (s, CH3): 3.57 (q, CH2) ; 
3.73, 3.80. 3.85. and 4.00 ( f o u r C H a O g r o u p s ) ;  and 7 .03-8 .18 ppm (m, 5H). Found:  C 58.3;  H 5.0;  C17.2%.  
C2~H25C109. C a l c u l a t e d :  C 58.4;  H 5.1;  C1 7.3%. 

B) Sal t  iYb was  ob ta ined  in 40% y ie ld  by a c y l a t i o n  of IIIb wi th  p r o p i o n i c  a n h y d r i d e  in the  p r e s e n c e  of 
HC 104 . 
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2,3 ,8 ,9-Tet ramethoxy-6-benzyl-11-methyl-5-oxabenzo[c]phenanthrenium Perch lora te  (Wc). A mixture 
of 0.5 g (0.0014 mole) of a,-naphthol IIIa, 0.19 g (0.0014 mole) of phenylacetic acid, and 7 g of PPA was heated 
at 70 ~ with vigorous s t i r r ing  for 1 h. The reaction mixture was then hydrolyzed and acidified with 30% HCIO1, 
and the result ing precipi tate  was removed by filtration, washed successively with acetic acid and ether, and 
dried to give 0.65 g (83%) of orange c rys ta l s  with mp 296 ~ (from nitromethane). I]~ spect rum:  1610, 1505. 1255, 
and 1065 cm -1. Found: C 60.9; H 5.2; C1 6.0%. C29H29C109. Calculated: C 60.4; H 4.9; C1 6.5%. 

2 ,3 ,8 ,9-Tetramethoxy-11-methyl-5-oxabenzo[c]phenanthrenium Perch lora te  (IVd). A mixture of 0.5 g 
(0.0014 mole) of a-naphthol  IIIa, 3 ml of 98% HCOOH, and 5 g of PPA was heated at 80 ~ for 20 min and at 100 ~ 
for 40 min, after which it was worked up in the usual way to give 0.5 g (75%) of orange crys ta ls  with mp > 300 ~ 
(from nitromethane). IR spect rum:  1612, 1505, 1250, and 1065 cm -1. PMR spec t rum:  5 2.75 (s, CH3) ; 3.55, 
3.60, 3.80, and 3.98 (four CH30 groups); and 6.93-8.08ppm (m, 6H). Found: C 56.6; H4,5; C17.6%. C22H21HC10 ~. 
Calculated: C 56.7; H 4.5; C1 7.7%. 

1~ 
2. 
3. 
4. 
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