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Abst rac t  - Some 2-pyrone-6-carboxylates bear ing appropr ia te  d ienoph i les  i n  

e s t e r  moie t ies  underwent "diene-regenerat ive" D ie ls -A lder  reac t i on  t o  a f f o r d  

the  d ihydrophtha l ides ,  which were aromatized t o  ph tha l i de  de r i va t i ves  i n  the 

presence o f  pal ladium-charcoal .  I n  these reac t i ons  the subs t i t uen ts  a t  4  

o r  7 -pos i t i on  o f  ph tha l ides  arose from those on t h e  d ienoph i le  moie t ies  i n  

the  s t a r t i n g  2-pyrones, 

Al though ph tha l i de  i s  one o f  the  s imples t  and most f a m i l i a r  heterocycles,  the  scope for  the prepa- 

r a t i o n s  o f  ph tha l i de  and i t s  de r i va t i ves  has been cons iderab ly  l i m i t e d ,  e.g,, mos t l y  the l a c -  

t o n i l a t i o n  o f  2-(hydroxymethy1)benloic ac ids  o r  r e l a t e d  compounds. Now, among some recent im- 

provements on ph tha l i de  format ion,  3a-3d a  novel syn the t i c  rou te  repor ted by P e l t e r  and h i s  co- 

4 worker was much fasc ina t i ng ,  i n  which an i n t ramo lecu la r  D ie ls -A lder  reac t i on  o f  f u ran  de r i va t i ves  

fo l lowed by the  base-induced aromat iza t ion  was invo lved.  However, according t o  P e l t e r ' s  method 

the 4, 5, and 6 -pos i t i ons  i n  ph tha l i de  arose from the 3, 4, and 5-pos i t ions  i n  f u r f u r y l  alcohol as 

a  s t a r t i n g  ma te r i a l ,  r espec t i ve l y ,  and thus the i n t r o d u c t i o n  o f  subs t i t uen ts  i n t o  these pos i t ions  

seems t o  be a l s o  l i m i t e d .  

We r e c e n t l y  repor ted t h a t  2-pyrone-6-carboxylic ac id  es te rs  bear ing d ienoph i les  a t  e s t e r  moieties 

underwent "diene-regenerat ive" D ie ls -A lder  r e a c t i o n  i n t ramo lecu la r l y  t o  g i ve  the  3a,4-dihydro- 

phtha l ides .  5  



Now, we w ish  t o  communicate here t h e  r e g i o s e l e c t i v e  p repa ra t i on  of some p h t h a l i d e  d e r i v a t i v e s .  

There in ,  2-pyrones hav ing  t h e  app rop r i a t e  d i enoph i l es  a t  6 - p o s i t i o n  were c y c l i z e d  t o  t h e  c o r r e s -  

ponding d ihydrophtha l ides ,  which were subsequent ly  conver ted  t o  p h t h a l i d e  d e r i v a t i v e s  s u b s t i t u t e d  

a t  4 o r  7 - p o s i t i o n  by dehydrogenat ion i n  good y i e l d s .  

The r e s u l t s  of t h e  p r e l i m i n a r y  exper iments on t h e  a roma t i za t i on  o f  3a,4-dihydro-4-phenylphthalide 

t o  4 -pheny lph tha l ide  w i t h  va r i ous  ox i dan t s  showed t h a t  pa l lad ium-charcoa l  was most s u i t a b l e  f o r  

t h e  dehydrogenation. 

6 I n  a t y p i c a l  experiment; a l l y 1  2-pyrone-6-carboxylate (la) (0.5 g, 2.8 mM) i n  d r y  g -d ich lo roben-  

zene (30  m l )  was heated i n  the  presence o f  0.25 g of  5% pa l lad ium-charcoa l  under r e f l u x  f o r  1.5 

days, the  pa l lad ium-charcoa l  was f i l t e r e d ,  then  t h e  f i l t r a t e  was evaporated i n  vacuo t o  g i v e  t h e  

o i l y  res idue.  The res i due  was p u r i f i e d  by s h o r t  column chromatography on s i l i c a  ge l  t o  a f f o r d  

0.329 (86 %) of p h t h a l i d e  (&I.  S i m i l a r l y ,  4-methyl-  (b), 4-phenyl-  (&I,  4-methoxycarbonyl- 

(s), and 4-ethoxycarbonylphthalide (g) were ob ta i ned  from the  cor respond ing  2-pyrone-6-carboxyl-  

i c  a c i d  es te r s  (k-k) i n  good y i e l d s .  The s t r u c t u r a l  assignments o f  these  ph tha l i des  were ac- 

complished by comparing t h e  phys i ca l  o r  spec t ra l  da ta  w i t h  those o f  a u t h e n t i c  samples o r  r e l a t e d  

systems. These r e s u l t s  a re  summarized i n  Tab le  1. 

pa l lad ium-charcoa l  - 
6 i n  r e f l u x i n g  s o l v e n t  
/ 

R + 
1 - 2 - 

Table 1. P repa ra t i on  of  4 -Subs t i t u t ed  Ph tha l i de  D e r i v a t i v e s  2. 

Cond i t ions  Y i e l d  !!I? ~ ~ ( c m - ' )  P M R ~ )  6 MS(m/e) 

~ompds R s o l v e n t , c ) m e  % "C v~~ -CH - M+ -2 

2aa) H A, 1.5 d 86 72-74 1760 5.30 - - 
2ba) Me A, 1.5 d 72 71 -73 1770 5.18 - - 

2cb) Ph - A, 1 d 85 120-121 1770 5.34 - 
Zd - C02Me A, 1 d 85 177-179 1780, 1710 5.55 192 

2e - C02Et B, 1 d 87 140-141 1760, 1710 5.56 206 

a)  Known compounds. I d e n t i f i e d  w i t h  a u t h e n t i c  samples. 

7 
b )  Known compound ( l i t .  mp 119-120 "C). c )  A: g-Dichlorobenzene; B: xy lene.  

d )  Measured i n  CDC13. 
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The i n t r o d u c t i o n  o f  subst i tuents  i n t o  7 -pos i t i on  i n  ph tha l i de  was a l s o  examined, i .e. ,  (4-methyl- 

8 2-0x0-ZH-pyran-6-y1)methyl - a c r y l a t e  ( 3 a )  was c y c l i z e d  t o  5-methylphthal ide (9) i n  71% y i e l d .  

S i m i l a r l y ,  i n  the  reac t i on  o f  (4-methy1-2-0~0-2~-pyran-6-yl)methyl cro tonate  (%), cinnamate (x), 
3- (2- fury1)acry la te  (g), and 3 - (3 -py r i dy1 )ac ry la te  (w, the  corresponding 5-methyl-7-subst i tuted 

ph tha l i des  (g-&) were obtained. Furthermore, e t h y l  (4-methy1-2-0~0-2~-pyran-6-yl)methyl 

fumarate (x) gave 7-ethoxycarbonyl-5-methylphthalide (9). These r e s u l t s  a re  summarized i n  

Table 2. 

pal ladium-charcoal  

i n  r e f l u x i n g  so lvent  

. . 
3 

Table 2. Prepara t ion  o f  5 -Methy l -7-subst i tu ted Phtha l ide  De r i va t i ves  4. 

Condi t ions Yield & P M R ~ )  G(ppm) EL!g,Q 
~ompds R so I ven t l d ) t lme  % o c  "CO - c I ~ ~ -  -c13 M+ 

4a - H A, 2 d 71 116-117 1730-1760 5.21 2.46 148 

4b - Me A, 7 d 86 94-96 1740 5.13 2.40, 2.60 162 

4c - Ph A, 3 d 95 115-116 1760 5.17 2.46 224 

4d 2- fury1 - A, 1 d 87 138-140 1730 5.14 2.23 214 

4e 3 -py r i dy l  A, 1 d 77 184-186 - 1750 5.24 2.52 225 

4f C02Et - 8, I d 100 110-111 1760, 1700 5.22 1.40, 2.49 220 

a) A: c-Dichlorobenzene; 8: xylene. b)  Measured i n  CDC13. 

As mentioned above, i n  these prepara t ions ,  the  substutuents a t  4 -pos i t i on  i n  phtha l ides  2 stemmed 

from those a t  3 -pos i t i on  o f  a l l y 1  ha l i des  used i n  t h e  prepara t ion  of es te rs  1 and , on t h e  other 

hand, the  subs t i t uen ts  a t  7 -pos i t i on  i n  4 from those a t  B-pos i t ion  of a c r y l i c  ac ids  used. 

Thus, our method seems t o  be v e r s a t i l e  f o r  t h e  r e g i o s e l e c t i v e  synthesis o f  the  s u b s t i t u t e d  phtha l -  

ides.  

Fur ther  i n v e s t i g a t i o n s  on s i m i l a r  systems a re  under progress. 
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