
S Y N T H E S I S  O F  2 , 3 , 3 a , 8 a - T E T R A H Y D R O F U R O [ 2 , 3 - b ]  

B E N Z O F U R A N - 2 - O N E  F R O M  C O U M A R I N  

F .  S h .  R i v i l i s  a n d  A .  A .  S e m e n o v  UDC 547.722.3'728.07 

4 - V i n y l - 3 , 4 - d i h y d r o c o u m a r i n ,  which is obtained in two s teps  from 3- (2-benzyloxyphenyl )a l ly l  
alcohol,  was conver ted  to 2 ,2 ,3a ,8a - t e t r ahydro fu ro [2 ,3 -b ]benzofu ran -2 -one  by oxidation and r e -  
a r r angemen t .  

The t h r e e - r i n g  3a ,8a-d ihydrofuro[2 ,3-b]benzofuran  s y s t e m  is the bas is  of na tu ra l  phys io log ica l ly  ac t ive  
compounds,  of which the toxins of lower  f u n g i -  aflatoxin B 1 and s t e r i g m a t o c y s t i n  [1] - a r e  the mos t  well-known 
compounds.  Seve ra l  methods for  the syn thes i s  of the indicated he te rocyc l i c  sy s t em have been desc r ibed  [2-4]. 
In the p r e sen t  p a p e r  we p ropose  yet  another  approach to the synthes i s  of a s imple  r e p r e s e n t a t i v e  of this  t h r e e -  
r ing s y s t e m  - 2 ,3 ,3a ,8a - t e t r ahydro fu ro [2 ,3 -b ]benzo fu ran -2 -one  (VI). 
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Ally l  a lcohol  I. which is r ead i ly  obtained from eoumar in ,  underwent Cla isen r e a r r a n g e m e n t  [5] on heating 
with d ime thy lace t amide  dinaethylaceta l  to give unsa tura ted  anaide II. Dilute hydroch lor ic  acid in warm aqueous 
dioxane r ead i ly  saponif ied amide  II with s imul taneous  spl i t t ing  out of a benzyl group in the form of benzyl 
ch lor ide .  A mix ture  of lactone 1u and the co r r e spond ing  phenolic acid LX was formed as a r e su l t  of these  t r a n s -  
fo rmat ions ,  accord ing  to Itl s pec t ro scop i c  and t h i n - l a y e r  ch romatography  (TLC) data. Because  of the ease  of 
lactonizat ion of this phenolic acid,  we were  unable to i sola te  it. The mix ture  obtained f rom the reac t ion  was 
t r ea ted  with phosphorus  oxyehlor ide  in pyr id ine  to comple te  the lactonizat ion.  Lactone B" was r ead i ly  opened 
by the action of hydraz ine  hydra te  in the cold to give hydraz ide  V, which was a lso  used for the c h a r a c t e r i z a t i o n  
of the v i t reous  h igh-boi l ing  W. A l ly l a l coho l  I is a lso  a viscous h igh-boi l ing  v i t reous  subs tance ,  which was 
c h a r a c t e r i z e d  in the form of the d in i t robenzoyl  de r iva t ive .  Unstable  aldehyde III wss c h a r a c t e r i z e d  in the form 
of the d in i t rophenylhydrazone .  Oxidation of d ihydrocoumar in  IV with iodic acid in the p r e s e n c e  of a ca ta ly t i c  
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amount of osmium t e t rox ide  and subsequent  heating in acet ic  acid to br ing about r e a r r a n g e m e n t  of the f o r m y l -  
lactone [3] gave de s i r ed  product  VI. 

The as tonishing ease  of the I I - - IX t r a n s f o r m a t i o n s  is most  l ikely explained by anch imer ic  a s s i s t a n c e  [6] 
of the benzyloxy and ca rboxamide  groups,  as shown by fo rmulas  VII and VIII in the above scheme.  This should 
a lso  explain the ine r tness  of II dur ing a t tempts  to reduce  the amide  function with l i thium diethoxyaluminum 
hydr ide  by the method in [7]. In this  case  the shie ld ing of the ca rbonyl  carbon atom by the f ree  e lec t ron  pa i r  
of the benzyloxy group h inders  a t tack  by the hydr ide  ion. 

In an a t tempt  to change the o r d e r  of the s teps ,  we oxidized II to fo rmy lamide  III, and subjec ted  the l a t t e r  
to debenzyla t ion  by hydrogenat ion on pa l lad in ized  carbon and by means of boron t r i b r o m i d e .  However,  we did 
not obse rve  the format ion  of VI, and no other  subs tances  whatsoever  were  identif ied.  

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

Al l  of the mel t ing points  (which were  not cor rec ted}  we re  de t e rmined  with a Kof l e r  appara tus .  The s p e c -  
t r a l  data  were  obtained with UR-10, Specord UV-dis ,  and RS-60 s p e c t r o m e t e r s .  The pur i ty  of the noncrys ta l l ine  
subs tances  was moni tored  by TLC on Silufol in b e n z e n e - e t h e r  sys t ems  with va r ious  component r a t i o s .  

3 - (2 -Benzy loxypheny l ) -2 -p ropeno l  (I). A 6.05-g (40 mmole)  sample  of 3 - (2 -hydroxypheny l ) -2apropeno l  [8] 
was benzyla ted with 7.67 g (45 mmole) of benzyl  b romide  in d ime thy l fo rmamide  (DMF} in the p r e s e n c e  of an-  
hydrous po ta s s ium ca rbona te  at 20 ~ for 24 h. Workup gave a v iscous  subs tance ,  which was f rac t iona ted  at a 
bath t e m p e r a t u r e  of 150-165 ~ and a p r e s s u r e  of 0.04 mm to give a produc t  with nD25 1.6026 in 70% yield.  The 
d in i t robenzoate  had mp 94-96 ~ (from methanol) .  Found: C 63.6; H 4.3; N 6.3%. C23H18N207. Calcula ted:  C 
63.6; H 4.1; N 6.5%. 

3 - (2 -Benzy loxypheny l ) -4 -pen t ene -N ,N-d ime thy l ca rboxamide  (I1). A mix ture  of 5.68 g (24 mmole) of I, 
4.3 g (35 mmole) of DMF d imethy lace ta l ,  and 56 ml of anhydrous diglyme was heated at 150 ~ for 2 h, a f te r  which 
it was diluted with wate r  and ex t rac ted  with e the r .  The ex t r ac t  was dr ied,  the solvent  was e{~aporated, and ' the 
r e s idue  was ch romatographed  on 300 g of s i l i c a  gel  with elution by b e n z e n e - e t h e r  (4 : 1) to give 5.9 g (80%) of 
II with nD 2~ 1.5720. IR spec t rum,  c m - l :  1650 (C=C,  CO). PMR spec t rum:  (CCI4), 5,  ppm: 2.40 d (J= 6.5 Hz, 
2H, CH2), 2.62 s (6H, CH3), 4.14 q (J= 6 Hz, CH), 4.62 m (2H, =CH2), 4.82 s (2H, benzyl  CH2), 5.91 m (CH), and 
7.5 m (aromat ic) .  Found: C 77.2; H 7.5; N 4.8%. C20H23NO 2. Calcula ted:  C 77.7; H 7.4: N 4.5%. 

3 - (2 -Benzy loxypheny l ) -3 - fo rmylpropane-~N,N-d imethy lca rboxamide  (III). A to ta l  of 25 ml of 12 aqueous 
OsO 4 solution was added in an argon a tmosphe re  to 3.96 g (12.8 mmole) of II in 125 ml of pur i f ied  t e t r a h y d r o -  
furan (THF), a f te r  which the mix ture  was s t i r r e d  at room t e m p e r a t u r e  for  30 rain. It was then cooled with ice 
and mixed with 6 g (26.4 mmole) of pe r iod ic  acid d i s so lved  in 25 ml of water ,  and the mix tu re  was allowed to 
stand at 20-25 ~ for 2.5 h. It was then neu t ra l i zed  with sodium bicarbonate  solution and e ~ r a c t e d  with e ther .  
The ex t rac t  was dr ied ,  the solvent  was removed ,  and the r e s i d u a l  dark  mass  was ch romatographed  on 160 g of 
s i l i c a  gel  with b e n z e n e - e t h e r  (4 : 1) to give 2.97 g (73%) of III as an unstable  oil.  The d in i t rophenylhydrazone  
had mp 140-142 ~ (from benzene).  Found: C 61.3; H 5.2; N 14.2%. C25H25N506. Calcula ted:  C 61.1; H 5.1: 

N 14.3%. 

4 - V i n y l - 3 , 4 - d i h y d r o c o u m a r i n  (IV}. A 21.7-g sample  of II was d i s so lved  in 217 ml of a mix ture  of concen-  
t r a t ed  hydrochlor ic  acid and dioxane (1 : 1), and the solut ion was heated and s t i r r e d  on a bo i l i ng -wa te r  bath for 
1 h. It was then cooled and diluted with water ,  and the mix ture  of IV and IX was ex t rac ted  with e ther .  The ex-  
t r ac t  was dr ied  with anhydrous sodium sulfa te  and evapora ted  to d ryness ,  and the r e s idue  was d isso lved  in 135 
ml of pyr id ine .  The pyr id ine  solut ion was cooled and mixed,  with s t i r r i ng ,  with 7.5 g of phosphorus oxychlor ide ,  
a f te r  which the mix ture  was allowed to stand at room t e m p e r a t u r e  for  1 h. It was then diluted with water  and 
ex t rac ted .  The solvent  and benzyl  ch lor ide  were  evapora ted  f rom the ex t r ac t  to give an oil.  which was f r a c -  
t ionated to give 4.9 g (40%) of IV as a c o l o r l e s s  liquid that  was d i s t i l l ab le  at a bath t e m p e r a t u r e  of 138-140 ~ at 
0.1 ram. IR spec t rum,  c m - l :  1645 (C=C) and 1770 (C=O).  PMR spec t rum (CClt), 5, ppm: 2.68 d (J=6.5  Hz, 
2H, CH2), 3.66 m (CH), 4.83-5.03 m (2H, =CH2), 5.76 m (CH), and 7.1 m (aromat ic) .  The hydraz ide  of V had mp 
100-102 ~ (from benzene).  IR spec t rum,  c m - l :  3260 (NH2), 3160 (OH), 1640 (CO), and 1615 (C=C).  Found: 

C 64.3; H 6.6; N 13.7%. CI1HI4N20 2. Calcula ted :  C 64.1; H 6.8; N 13.6%. 

2 ,3 ,3a ,Sa -Te t r ahydro fu ro [2 ,3 -b ]benzofu ran -2 -one  (VI)- A 35.4-ml sample  of a 1% aqueous solution of 
osmium te t rox ide  was added with s t i r r i n g  in a n i t rogen a t m os phe r e  to 3.16 g (18.2 mmole) of IV in 150 ml of 
pur i f ied  THF,  a f t e r  which it was allowed to s tand for  10 min. It was then mixed with a solution of 8.70 g (45.5 
mmole) of pe r iod ic  acid in 72.5 ml  of water ,  and the mix tu re  was allowed to s t i r  for 3 h. It was then poured 
into water ,  and the mix ture  was ex t rac ted  with e ther .  The e the r  ex t rac t  was evapora ted ,  the r e s i d u a l  oi l  was 

628 



dissolved in 41 ml of glacial  acetic acid, and the solution was refluxed for 0.5 h. It was then diluted with water 
and extracted with ether. The extract  was washed with sodium carbonate,  dried, and evaporated, and the solid 
residue was recrys ta l l i zed  from alcohol to give VI, with nap 124-126 ~ in 68~ yield. The IR, UV, and PMR 
spec t ra  were  in agreement  with the spec t ra  presented in [3]. 
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