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&&- - T i t l e  compounds have been sgnthesised by the conden- 

s a t i on  of 4-hydrrmycaumarins with isoprene followed by dehydro- 

genation at! Dm. 

2,2-Dlmethyl-2~,5~-pyrano[3,2-~][l]benzopyranb-ones (1) (coumarlns having a 
1 2,2-dimethylpyran r ing attached a t  3,4-position) a r e  na tu r a l  compounds of very 

r ecen t  or igin.  The s t ruc tures  of a l l  such compounds have been assigned, only on 

t he  ba s i s  of spec t r a l  s t ud i e s  and no synthet ic  evidence has been provided so f a r .  

Bqhlmann et  a1. l  describe t h a t  biogenet ical ly ,  these coumarins can a r i s e  by 

C-prenylation of appropriate 4-hydroxycoumarin t o  give corresponding 3-(3,3- 

dirne~lallyl)-4-hydroxycoumarins followed by oxidative r ing closure (Chart-I). 

I n  t h i s  context the co-occurrence of corresponding 3-(3,3-dimethylal lyl)4-  
1 hydroxycoumarins i n  t he  same p lan t  i s  of s ignif icance . 

A convenient r ou t e  fo r  the synthesis  of these compounds may a l s o  involve t he  same 

approach 1.e. C-prenylation of 4-hydroxycoumarins and then conversion t o  e.2- 

dimet@-lpyrano compounds. Bar l ie r  a t tempts  towards C-prenylation of 4-hydroxy- 

c o u ~ u a r i n s ~ ' ~  l e d  to q c l i s e d  products having a f ive  membered r ing a t  3,4-position. 



Only io one case, 2,2-dimethyl-2~,5~-p~rano[3,2-~~[1]benzo~yran-5-one was 

obtained in 108 yield,  when 4-hydroxycoumarin n s  condensed with 3-chloro-3- 

methylbut-1-yne in  presence of sodium hydride in i n e r t  atmosphere of nitrogen 

using dimethylformalaide a s  the solvent2. Recently, we have developed a very 
4 5 convenient method of C-prewlation 7 vhich involves the d i r ec t  condensation of 

phenolic compounds wlth isoprene in presence of orthophosphoric acid (85%). To 

check the v e r s a t i l i t y  of t h i s  react ion,  we have carried out the C-prenylation 

of 4-hydroxycoumarins under ident ica l  conditions. The resul t ing 3,4-dihydro- 

2,2-dlmethyl-2~,5~-pyrano[3,2-~][l~benzopyran-ones are  dehydrogenated with 

DLQ to give the t i t l e  compounds in  good yield. 

Thus, the condensation of 4-hydrary-7-methaxycmmarin with isoprene i n  presence 

of orthophosphoric acid (85%) a t  35-40'~ gave a mixture of two prsducts A & B 

( ra t io  4:3; overal l  yield 868) which were separated by column chromatography 

over s i l i ca  gel. Compound (A)  obtained on e lu t ion  wlth benzene-petroleum ether 

1 : l  showed the absence of a f r e e  hydroxy group a t  4-position (insoluble i n  

5% as. sodium carbonate solution) and i ts  elemental analysis  indicated the  

introduction of one isoprene unit.  I n  i t s  I R  spectrum a strong band a t  1710 
1 cm-I indicated that  the >c=O of coumarin i s  in tac t .  I t s  11-NMA spectrum shoxed 

the presence of a chroman r ing  [& 1.41(6H,s); 1.82 and 2.53 (each 2R, each t, 

J=~Hz)]  a b n g  with a s inglet  of three protons a t  3.81 for  -OCH3 and the aromatic 

protons appeared a t  6.72(1H, d, J=2Rz); 6.78(lH, dd, J=8Hz, 2 n d  and 7.63(1HI dl 

J=8Hz). On t h i s  basis i t  was assigned the s tructare 3,4-dihydro-8-methoxy-2,2- 

dimethyl-2~,5~-~yrano[3,2-c] [l]benzopyran-5-one g). 
The second compound (B) obtained on e lu t ion  with benzene, was found to be 

isomeric v i t h  compound A on the bas is  o? elemental analysis.  I ts I R  shoved a 

stroag peak a t  16h) cm'l indicating the presence of )C=O of Y -pyrone. Its 

'E-NIIR a l so  showed the presence of one chroman r ing [6 1.44(69,s); 1.83 and 

2.62 (each 2H, each t, J=~BZ)] .  The signal  for  one aromatic proton was sh i f ted  

downfield to 8.06 a s  compared t o  tha t  a t  7.63 in compound A. So it n s  assigned 

the a l te rna te  s tructure,  3,4-di~dro-8-methoxy-2,2-dimethyl-2H,5H-pyrano [2,3-bl- 

[l]benzopyran-5-one (2) ). 

The compound (2) on dehydrogenation v i th  D m  i n  refluxing benzene gave a 

product ( C )  i n  70% yield. I t s  I R  shoved absorption a t  1710 cm-I and '11-NMR 

indicated the presence of a chromene r ing  [s 1.51(6HIs); 5.38 and 6.44(each 111, 
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each d, J=~OHZ)] along wi th  o the r  s ignals .  So it was assigned the  s t r u c t u r e  

8-methoxy-2,2-dime~l-2~,5~-~yrano[3,2-~][l)benzo~~ran5-one (4) .  - 

(g,5,?,:,9) (3,64,g?,&?) (%,E-16) 

R1 Rz R 3  

2 ~ 3 ~ 4  H O C H ~  H 

5,6,13 H H H 

7,?,1? 0CH3 0CH3 A 

?,lo,E CH3 0CH3 H 

11,12,g -- H 0CH3 0CH3 

S imi la r  r e s u l t s  were obta ined when the  reac t ion  was extended t o  other  4-hydroxy- 

coumarins. Thus 4-hydroxycoumarin gave a m h t u r e  of  hro products  5 and 6, 

4-Hydroxy-7,8-dlmethoxycoumarin afforded _7 and 8, and 4-hydroxy-7-methoxy-8- 

methylcoumarin afforded P_ and F. Similar lY 4-bydroxy-6,7-dimethoxymumarin 

y ie lded  a mixture  of lJ1 and >:. A l l  these  products were separated by column 

chromatography over s i l i c a  g e l  and character lsed on the  b a s i s  of elemental 

1 ana lys i s ,  I R  and H-NMR spec t ra lda ta ,  Dehydrogenation of 5,7,9_ and l?; v i t h  

DD2 gave 13,?,L5 - and +$ r e spec t ive ly .  Table-1 mumarises t h e  y l e l d ,  mp and 

s p e c t r a l  da ta  of a l l  t h e s e  compounds. 

Table-1: Compounds 2-16 prepared 

compounda y i e l d b  I R  'H-NMR ( C D C ~ ~ / T M S )  

($) v 2  a-' s (ppm) 

2 ,., 48.0 99-101 1710 1.41(s,6A); 1.82 and 2.53Ceach t, 
JqHz, each 2H); 3.81(5,3H); 6.72 
(4, J=2Hz, l H ,  H-7); 6.78(dd, 

J=8Hz, 2H2, 1H) and 7.63(d, 
J=8Hz, 1H). 



1.44(s,6H); 1.83 and 2.62(each t, 
J=7Hz, each 2H); 3.84(s, 3H); 6.74(d, 
J=2Hz, 1H); 6.86(dd, J=8Hz, 2Hz, UI) 
and 8.06(d, J=8Hz, 1H). 

1.41(s,6H); 1.84 and 2.55(each t, 
J=7Hz, each 28); 7.06-7.42(m, 3H) and 
7.66(dd, J=8Hz, 2Hz, lH).' 

1.46(s,6H); 1.83 and 2.61(each t, 
J-Hz, each 2H); 7.25-7.60(a,3H) and 
8.16(dd, J=8Hz, 2h, 1H). 

1.41(s,6H); 1.82 and 2.53(each t, 
J=7'1z, each 2H); 3.90 and 3,93(each s, 
each 38); 6.79 and 7.41Ceach d, J=8Az, 
each 18). 

1.44(s,6H); 1.82 and 2.61(each t, 
J=7Az, each 2R); 3.94(s, 6H); 6.34 and 
7.86(each d, J=8Hz, each 1H). 

1.41(s,6H); 1.83(t, J ~ H Z ,  2H); 2.25 

(s, 311); 2.54(t, J=7Hz, 2H); 3.81(s, 
3H); 6.70 and 7.50(each d, J=8Hz, 
each 1A). 

1.42(s, 6H); 1.52(t, J=7&, 2H); 2.27 
(s, 3H); 2.62(tr JZ7Hz, W); 3.92(s, 
313); 7.25 and 8.00ceach 3, J=BHz, each 
1H). 

1.45(s, 6H); 1.84 and 2.56(each t, 
J=7Hz, each 2H); 3.85(s, 6H); 6.71 and 
7.02(each s, each 1H). 

1.45(s,6H); 1.83 and 2.61(each t, 
J=7Hz, each 2H); 3.92 and 3.94(each s, 
each 3H); 6.84 and 7.59(each s, each 
lH) . 
1.51(s, 6B); 3.81(s, 3H); 5.38 and 
6.44(each d, J=lOHz, each 1H); 6.70(d, 

J=2Hz, IH); 6.76(dd, J=8Sz, 2He, 19) 
and 7.58(d, J=BHz, 18). 

1.52(s, 6H); 5.41 and 6.47(each d, 
J=lOHz, each lH); 7.08-7.38(rn, 3H) and 
7.69(dd, J=8Hz, 2Hz, 1A). 

1.51:s,6H); 3.94 and 3.96(each s, each 
3H); 5.46 and 6.52ceach d, J=lOHz, each 
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1H); 6.86 and 7.48(each d, J=8Hz, each 

1x1 

1& 80.0 161-162 1700 1.53(s,6H); 2.29(s,3H); 3.90(s,3H); 
5.44 and 6.49Ceach d, J=lOHz, each 19); 

6.79 and 7.58(each d, J=9Hz, each 1H). 

16 70.0 135-136 1695 1.51(s,6H); 3.89(s,6H); 5.40 and 6.46 
(each d, JslOHz, each 1H); 6.73 and 
7.05(each s, each 18). 

a. S a t i s f a c t o r y  microanalys is  obta ined f o r  a l l  the products.  

b. Yields f o r  t h e  compounds .2,3,5-2 a r e  based m corrcsponding 4-hydrnxy- 

coumarin whereas f o r  4,g-16 a r e  w.r. t. 2,_5,7,9 and 11, respect lvelp .  

c. Not corrected.  
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