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SYNTHESIS OF C-8 PRENYLATEO AND ANGULAR 3-(1',1'-D1METHYLALLYL)COUMARlNS 

J a v i e r  SalvB, F r a n c i s c o  Rodr iguez L u i s .  E n t i q u e  Pando, G u i l l e r m o  M a r t i n e z  Massanet, 

and Rasar io  Hernandez Galbn 

Departamento de Qu im ica  O r g i n i c a ,  F a c u l t a d  de C i e n c i a s ,  U n i v e r s i d a d  de Cadiz ,  Apar- 

t ad0  40, 11510 Puer to  Real ,  ~ C d i z ,  SPAIN 

A b s t r a c t -  The n a t u r a l  coumar ins r a m o s i n i n  (1) and 3-~l',1'-dimethylally11-8-133,3~- 

dimethyla1lyl)xanthyletin 12)  have been syn thes ized  from u m b e l l i f e r o n e .  The synthe- - 
s i s  of t h e  angu la r  d e r i v a t i v e s  3 - ( l ' , l ' - d i m e t h y l a l l y l  ) c o l u m b i a n e t i n  19) and 3-11'. 

1'-dimethylallyl)lomatin 1101 was a l s o  achieved.  

We p r e v i o u s l y  r e p o r t e d  an e f f i c i e n t  s y n t h e t i c  p rocedure  f o r  3 - 0 , l ' - d i m e t h y l a l l y l l c o u m a r i n s  

a l k y l a t e d  a t  C-6 and t h e i r  d i h y d r a f u r a n  and d i h y d r a p y r a n  d e r i v a t i v e s  s t a r t i n g  f rom u m b e l l i f e r o -  

ne. T h i s  r e a c t i o n  i n v o l v e s  t h e  s i g m a t r o p i c  rearrangement  o f  t h e  3 , 3 - d i m e t h y l a l l y !  e t h e r  o f  

6-t3',3~-dimethylall~l)umbelliferone~~'~ However, t h i s  methodology c o u l d  n o t  be s u c c e s f u l l y  

a p p l i e d  t o  p repare  3-(1 ' , l ' - d i m e t h y l a l l y l  > t o u r n w i n s  a l k y l a t e d  on C-8. T h e r e f o r e  an a l t e r n a t i v e  
3 aproach based on a p r e v i o u s  rearrangement  t o  C-3 f o l l o w e d  by  f u r t h e r  p r e n y l a t i a n  has been 

c a r r i e d  o u t .  

I n  t h e  p r e s e n t  paper  we r e p o r t  t h e  s y n t h e s i s  o f  3 . 8 - d i a l k y l a t e d  cournarins and t h e i r  co r res -  

ponding angu la r  c y c l i z e d  d e r i v a t i v e s .  Two o f  them, ramos in in  ( 1 )  - and 3-(l',l'-dimethylallylM- 

t3",3--dimethylallyl)xanthyletin (21, - r e p r e s e n t  n a t u r a l  

C a t a l y t i c  hyd rogena t ion  of 3-(l',l'-dimethylallyl)-7-(1",1'-dimethylpropynyloxylcoumarin 13) 

y i e l d e d  3-(1 ',I ' - d i r n e t h y l a l l y l  ) - 7 - l l i , l " - d i m e t h y l a i  l y l o y i  (4, q u a n t i t a t i v e ) .  When 

t h e  e t h e r  4 was hea ted  a t  150°C i n  N , N - d i e t h y l a n i l i n e  IDEA) a m i x t u r e  of  demethy l ramosin in  

(5) and g r a v e l l i f e r m e  161 was  o b t a i n e d  i n  80 and 10% y i e l d s , r e s p e c t i v e l y .  Treatment  o f  5 
w i t h  methy l  i o d i d e  i n  acetone af forded 1, t h e  m e l t i n g  p o i n t  and s p e c t r o s c o p i c  d a t a  of which 

4 were i d e n t i c a l  w i t h  those  d e s c r i b e d  f o r  t h e  n a t u r a l  p roduc t .  5  by  t rea tmen t  w i t h  a c e t i c  anhy- - 
d r i d e  i n  p y r i d i n e  a f fo rded  t h e  a c e t a t e  (1). 
3-~1'.I'-Oimethylallyl)-8-13',3"-dimethylallyl~xanthyletin (1) was i s o l a t e d  f r o m  Ruta graveo- -- 
~ e n s . ~  The s y n t h e s i s  o f  1 was c a r r i e d  o u t  v i a  demethy l ramos in in  I?).  Treatment  o f  5 w i t h  - 
3-chloro-3-methyl-1-bvtyne af forded 3-t1',1'-dimethylallyl~-7-1l~,l~-dimethylpropynyloxy)-8- 

13" ' ,3" ' -d imethy la l ly l )caumar in  (8, 75%). The d e s i r e d  p roduc t  2 was o b t a i n e d  r e f l u x i n g  a 

s o l u t i o n  o f  8 i n  DEA (90%). The s p e c t r o s c o p i c  d a t a  of  2 a r e  i d e n t i c a l  w i t h  t h o s e  g i v e n  i n  

l i t e r a t u r e  f o r  t h e  n a t u r a l  p roduc t .  5  

Syn thes is  o f  3-(l',I'-dimethylal1yl)columbianetin 191 and 3-(1',1'-dimethylallyl)lomatin 110) 

was achieved by c o n t r o l l e d  o x i d a t i o n  o f  t h e  co r respond ing  phenol 15) by  t h e  commonly used 
6  s y n t h e t i c  method f o r  d i h y d r o f u r a n o  and d ihyd ropy ranocoumar ins .  Treatment of 5 w i t h  m-chloro- 

pe rbenzo ic  a c i d  tMCPBA) i n  E t20  and CHC13 l e d  t o  9 and 2 i n  73 and 66% y i e l d s ,  r e s p e c t i v e l y .  



EXPERIMENTAL 

Melt ing p o i n t s  were determined i n  a  k o f l e r  block Reichert-Jung appara tus  and are  uncor rec ted .  
I r  s p e c t r a  were recorded i n  a Perkin-Elmer 257, v a l u e s  being given i n  c K 1 .  U v  s p e c t r a  were reg-  

i s t e r e d  i n  a  Shimadzu MPS-2000, d i s s o l v e d  i n  MeOH, and a r e  given i n  nm. The nmr s p e c t r a  were 

recorded i n  a Varian XL-200 MHz o r  i n  a Druker 400 MHz us ing  TMS as i n t e r n a l  r e f e r e n c e ;  chem- 

i c a l  s h i f t s  a r e  given i n  6 and coupl ing  c o n s t a n s  i n  Hz. Mass s p e c t r a  were measured with a V G  

12250 o r  with a ZAB7070 Finningan.  Thin l a y e r  chromatography was done on M N  &lugram SIL GIUV 251 

p l a t e s ,  0 .25 nlm t h i c k .  Merck s i l i c a  ge l  10.06-0.2 mm) was used f a r  column chromatogra$hy and 
e l u t i o n  was c a r r i e d  out with  m i x t u r e s  o f  hexane:ethyl  a c e t a t e .  

3-(l',l'-Oimethylallyl)-7-~l~,l~-dim~thylallylocorin (41 :  3 ( 0 . 3  mmo1)wsr d i s s o l v e d  i n  12 
ml of t o l u e n e .  Pd18aS04 (10%) t4  mg) was added, and t h e  mixture was s u b j e c t e d  t o  hydrogenat ion 

a t  0 . 4  atm. p r e s s u r e  of H z .  When t h e  s t a r t i n g  m a t e r i a l  d i sappeared ,  a s  a s c e r t a i n e d  by t l c ,  

t h e  r e a c t i o n  was stopped (10  rnin) .  The c a t a l y s t  was f i l t e r e d  through c e l i t e .  Evaporat ion of 

s o l v e n t  by d i s t i l l a t i o n  under reduced p r e s s u r e  f u r n i s h e d  0 . 3  mmol ( q u a n t i t a t i v e  y i e l d )  of 3 - ( I . ,  

1'-dimethyla11y1)-7-(1~,1~-dimethylallyloxy)coumarin (4) : o i l ,  u v h m a x  320,  210; i r  ( f i l m )  1712, 

1603, 1245, 1119, 994; H-nmr (400 MHz, CDC13): 7.48 ( 8 ,  H-4), 7.25 ( d ,  J =  8 . 5 ,  H-5), 6 .92  ( d ,  

J=  2 .3 ,  H-8), 6.82 ( d d ,  J= 8 . 5  and 2.3, H A ) ,  6.14 ldd ,  J= 17.2 and 1 0 . 4 ,  H-2'1, 6.09 tdd,  J =  

17.7 and 10 .8 ,  H-2"), 5 .20  ( d ,  J= 1 7 . 7 ,  H-3- t r a n s ) ,  5.10 ( d ,  J =  1 0 . 8 ,  11-3- c i s ) ,  5.06 I d ,  J =  

1 0 . 4 ,  H-3' c i s ) ,  5.04 ( d ,  J= 17 .2 ,  H-3' t r a n s ) ,  1.48 (s, Me2-C-I-), 1 .44 I s ,  Me2-C-1'1; ms mlz 

298 ( 1 4 ) ,  283 ( 2 5 ) ,  230 ( 7 5 ) ,  203 ( 4 5 ) ;  hrms 298.1553 (C19HZ203 r e q u i r e s  298.1569).  
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C l a i s e n  rearrangement  o f  3-tl',l'-dimethylally11-77~l~',11-dimethylal1yloxycorin ( 4 ) :  - 4 (0.3 

rnmol) was d i s s o l v e d  i n  5 ml of OEA and t h e  s o l u t i o n  was heated a t  150°C f o r  2 h .  A f t e r  c o o l i n g  

E t 2 0  and 10% HC1 were added and t h e  o r g a n i c  l a y e r  was  washed w i t h  s a t u r a t e d  NaHC03 s o l u t i o n ,  

t h e n  w i t h  b r i n e ,  and f i n a l l y  d r i e d  ove r  anhydrous Na2SOq. Evapora t i on  o f  t h e  s o l v e n t  l e d  t o  114 

mg of c rude  p r o d u c t s .  Column chromatography of t h e  m i x t u r e  on s i l i c a  g e l  u s i n g  m i x t u r e s  o f  in-  

c r e a s i n g  p o l a r i t y  from hexane t o  AcOEt gave g r a v e l l i f e r o n e  (?) (0.03 mmol, : mp 160-162 '~ 

thexane:EtOAc) 166-168'C) and demethy l ramas in in  (i) (0 .24 mmol, 80%): mp 1 1 4 - 1 1 6 ' ~  thexane: 

EtOAc); uvhmax 320, 260, 225; i r  ( f i l m )  3310, 1668, 1578, 1453, 1263, 1042; H-nmr (200 MHz,Cl3C0): 

7 .49 t s ,  H-4), 7.17 (d ,  5.8.4, H-5), 6 .77 (d ,  J=8.4, H-6), 6.16 (dd, J=18.0 and 10.4, H-2'), 

5.25 (tt, J.7.2 and 1.4,  H-2.1, 5.06 (dd,  J.18.0 and 1 .2 ,  H -3 ' t rans ) ,  5.06 (dd, J-10.4 and 1.2, 

H - 3 c i s ) ,  3 .56 (d ,  J=7.2, 1 1 .82 (8 ,  Me-C-3.3, 1.71 ( 5 ,  Me-C-3'), 1.46 (s, Me2-C-1'); ms 

m i z  298 (741, 283 (931, 243 (55) ,  227 ( l o o ) ,  199 (61 ) ;  hrms 298.1580 (C19H2203 r e q u i r e s  298.1569). 

Ramosinin: K2C03 (0.72 mmo!), - 5 10.13 mmol), and 5 ml o f  acetone were mixed.  Me thy l  i o d i d e  14 

rnmol) was added and t h e  r e s u l t i n g  m i x t u r e  was r e f l u x e d  f o r  40 m in .  A f t e r  t h i s  t i m e  i t  wascooled,  

f i l t e r e d ,  t h e  s o l v e n t  evapora ted  and t h e  r e s i d u e  d i s s o l v e d  i n  AcOEt, washed w i t h  b r i n e  and d r i e d  

o v e r  anhydrous NaZS04. The r e a c t i o n  p r o d u c t  was r e c r y s t a l i z e d  f rom AcOEt g i v i n g  0.12 mmol (92%) 
4 of ramos in in  (1): mp 82-84-C ( l i t  8 5 - 8 6 ' ~ ) .  

Dernethy l ramosin in  ace ta te  ( 7 ) :  Oemethy l ramosin in  (5) (0 .08  mmol) was d i s s o l v e d  i n  p y r i d i n e  12 

m l )  and 9 mmol o f  d i s t i l l e d  Ac 0 were added. A f t e r  t h e  m i x t u r e  was  s t i r r e d  f a r  3 h ,  i c e  water 
2 

was added and t h e n  s t i r r e d  f a r  30 min. The m i x t u r e  was  e x t r a c t e d  w i t h  AcOEt and t h e  o rgan ic  l aye r  

n e u t r a l i z e d  w i t h  s a t u r a t e d  NaHC03 s o l u t i o n ,  washed w i t h  b r i n e  and d r i e d  o v e r  anhydrous NazS04. 

E v a p o r a t i o n  of t h e  s o l v e n t  f u r n i s h e d  0.079 mmol (99%) o f  demethy l ramos in in  a c e t a t e  (1): o i l ,  

uvhmax 285; i r  ( f i l m )  1720, 1593, 1423. 1360, 1188, 1036; H-nmr (200 MHz, CDC13): 7 .47 (s, H-4), 

7.22 i d ,  J=8.4, H-51, 6.89 (d ,  J=8.4, H-6), 6 .10 (dd, J=18.0 and 10.4, H-Z'),  5 .04 (tt, 5.7.2 

and 1 H-2-1, 5 .03 (d ,  J=10.4, H -3 ' c i s ) ,  5.02 (d ,  J=18.0, H -3 ' t rans ) ,  3.40 (d ,  J=7.2, H- I " ) ,  

2 . 2 7  ( s ,  CH3C0), 1.75 (s, Me-C-3"), 1.60 t s ,  Me-C-3"), 1.47 (s, Me2-C-1'); ms m i r  340 (24 ) ,  298 

(53 ) .  283 ( I @ @ ) ,  243 (59 ) ;  hrms 340.1672 (C21H2404 r e q u i r e s  340.1675). 

3-(1',1'-Oimethylal1yl)-7-~l",l"-dimethylpropyn~1ox~-8-3"',3"'-dimethylallyl)~0~ma~in ( 8 ) :  - 5 

(0.077 mrnol) was d i s s o l v e d  i n  2 ml o f  d r y  acetone and 0.72 mnol o f  K2CO3 and 0.87 mmol o f  3-chlo- 

ra-3-methyl-1-butyne were added. The m i x t u r e  was s t i r r e d  i n  g l y c e r i n  b a t h  a t  8 0 ' ~ .  The reac- 

t i o n  was mon i to red  by  t l c  and when t h e  s t a r t i n g  m a t e r i a l  d isappeared h e a t i n g  was c u t  o f f .  The 

m i x t u r e  was f i l t e r e d  and t h e  s o l v e n t  was evaporated.  The r e s i d u e  was p u r i f i e d  b y  column chromat- 

ography e l u t i n g  w i t h  hexane-AcOEt I 4 : l )  t o  a f f o r d  4 (0.057 mnol,  75%): o i l ,  uv)max 335, 232; i r  

( f i l m )  3281, 2964, 1695, 1122, 1040; H-nmr (200 MHz, CDC13): 7.52 (d, 5 4 . 0 .  H-5), 7 .49 (s,H-4), 

7 .20 (d ,  J=8.0, H-6), 6.17 (dd, J=17.7 and 10.4, H-2'1, 5.20 ( t t ,  J=7.2 and 1 . 3 ,  H-2" ') ,  5.08 

(d ,  J=10.4, H -3 ' c i s ) ,  5.07 I d ,  J=17.7, H -3 ' t rans ) ,  3.50 (d, 5.7.2, H - l " ' ) ,  2.62 (s, H-3.). 1.83 

( 5 ,  Me-C-3"'), 1 .70 ( s ,  Me2-C-I"), 1 .66 ( 5 ,  Me-C-3'"), 1.47 t s ,  Me2-C-1'); ms m i z  364 (91, 

349 t l l ) ,  298 145) ,  283 (100) ,  243 (51 ) ;  hrms 364.2042 lC24H2803 r e q u i r e s  364.2038). 

3-11',1'-Dimethy1al!y!)-8-~3",3"-dimethylallyl)xanthyletin ( 2 ) :  4 (0 .027 mmol) was d i sso lved  

i n  3 ml o f  OEA and t h e  s o l u t i o n  was r e f l u x e d  f o r  15 h.  A f t e r  c o o l i n g  AcOEt and 10% HC1 were added 

and t h e  o r g a n i c  l a y e r  was washed w i t h  s a t u r a t e d  NaHC03 s o l u t i o n ,  b r i n e  and d r i e d  o v e r  anhydrous 

Na2SOq. Chromatographic p u r i f i c a t i o n  of t h e  c rude  p r o d u c t  e l u t i n g  w i t h  hexane-Ac0Et ( 4 : l )  afforded 



3-~l',l'-dimethylally1~-8-~3",3"-dimethylally1xanthyletin (2, 0.027 mmol, q u a n t i t a t i v e ) :  o i l ,  

u v h  .,, 335, 295, 265; i r  ( f i l m 1  2962, 1716, 1580, 1536, 1429, 1251, 1040, 780; H-nmr (400 MHz, 

COCl31: 7 .44 (8 ,  H-41, 7.01 ( 8 ,  H-5), 6 .30 (d ,  J=lO.O, H-4" ') ,  6.15 (dd, J=17.8 and 10.3, H-2'1, 

5.67 t d ,  J=10.0, 5.23 ( t t ,  J=7.4 and 1.3, H-2-1, 5.05 (dd, J=10.3, H -3 ' c i s ) ,  5.04 (d, 

5.17.8, H - 3 ' t r a n s l ,  3 .25 (d, J=7.4, H- I - ) ,  1 .83 (8 ,  Me-C-3.1, 1.65 t s ,  Me-C-3'1, 1 .44 t s ,  

5 ,  Me2-C-1 ' ) ,  I .43 t s ,  Me2-C-2"'); rns mlz 364 (61,349 (49 ) ;  hrms 364.2026 (C24H2803 r e q u i r e s  

364.2038). 

3-(1 ' , 1  ' - D i m e t h y l a l l y l  l c o l u m b i a n e t i n  ( 9 ) :  Oemethy l ramosin in  (5, 0.074 mmol i  was d i s s o l v e d  i n  

4 rnl of E t20  and t h e  s o l u t i o n  was  c o o l e d  a t  O'C. MCPBA (0.087 mrnol) d i s s o l v e d  i n  3 ml o f  E t20  

was added. A f t e r  s t i r r i n g  f o r  2 h ,  t h e  r e a c t i o n  m i x t u r e  was washed w i t h  s a t u r a t e d  NaHCO? s o l u t i o n ,  
" 

b r i n e  and d r i e d  over anhydrous Na2SD4. The r e a c t i o n  m i x t u r e  was chromatographed on b a s i c  a lum ina  

column ( e l u t i n g  w i t h  hexane-AcOEt ( 4 : I ) l  t o  a f f o r d  0.054 mmol (73%) of!: mp 1 1 0 - 1 1 1 ' ~  (hexane 

AcOEt l ;  uv A m a x  327, 261; i r  ( f i l m )  3444, 2965, 1700, 1604, 1237, 1123; H-nmr I 2 0 0  MHz, COCI3l: 

7 .44 i s ,  H-4). 7.16 (d ,  J=8.7, H-51, 6.65 (d ,  J=8.7, H-61, 6.09 (dd, J=18.0 and 10.0, H-2'), 

5.01 (d ,  J=10.0, H - 3 ' c i s l ,  5.00 (d ,  J=18.0, H - 3 ' t r a n r l .  4.70 (t, J=9.0, H-2.1,. 3.25 (dd, J=9.0 

and 3.0,  H-3.1, 1.40 t s ,  Me2-C-I), 1.29 (8 ,  Me-C-4.1, 1.16 ( s ,  Me-C-4-1; ms m l z  314 (1001, 299 

( 7 0 ) .  287 (421, 281 (34). 255 (661; hrms 314.1518 (ClgHZ2O4 r e q u i r e s  314.1517). 

3-tl',l'-0imethylallyl)lomatin t101:  Oemethy l ramosin in  t!, 0.13 mmoll  was d i s s o l v e d  i n  5 ml o f  

a c i d i f i e d  CHCI3 ( 2  d rops  of  conc. HCI i n  10 ml of CHCl31 and t h e  s o l u t i o n  was c o o l e d  a t  O'C. 

MCPBA (0.174 mrnoll d i s s o l v e d  i n  5 rnl o f  t h e  a c i d i f i e d  CHC13 was added. A f t e r  s t i r r i n g  f o r  3 h 

t h e  r e a c t i o n  m i x t u r e  was m o n i t o r e d  by t l c  showing t h a t  t h e  s t a r t i n g  m a t e r i a l  had d i sappeared .  

A f t e r  e v a p o r a t i n g  t h e  s o l v e n t  t h e  r e a c t i o n  m i x t u r e  was chromatographed on s i l i c a  g e l  ( e l u t i n g  

w i t h  hexane-AcOEt t 4 : l l )  a f f o r d i n g  0.086 mmol (66%) of  10: o i l ,  u v h  .,, 326; i r  ( f i l m 1  3461, 

2928, 1687, 1598, 1255, 1130, 1076; H-nmr (400 MHz, CDC13): 7.44 ( s ,  H-4), 7.15 td ,  J=8.6, H-S), 

6.68 (d, 5.8.6, H-61, 6.10 (dd, J=17.3 and 11.4, H-2'), 5.02 (d ,  J=11.4, H U ' c i s ) ,  5.00 (d, 

J=17.3, H - 3 ' t r a n s l ,  3.83 (dd, J=5.2 and 4.9, H-3-1, 3.07 (dd, J ~ 1 7 . 7  and 4.9,  H-4-1, 2.88 (dd, 

5.17.7 and 5.2, H-4-1, 1.40 (8 ,  Me2-C-1'1, 1.33 t s ,  Me-C-2.1, 1.26 ( s ,  Me-C-2.1; ms m/z 314 (1001, 

299 (601, 281 (361, 244 168); hrmz 314.1498 (CIgHZ2O4 r e q u i r e s  314.15171. 
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