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SYNTHESIS OF 3-(I,,]'-OIMETHYLALLYLICOUMARINS: GRAVELLIFERONE. CHALEPIN AND RUTAMARIN 

Gui l lermo M. Massanet, Enrique Pando, Francisco Rodriguez-Luis, and Jav ier  S a l v i  

Departamento de Quimica Organica, Facul tad de Ciencias, Universidad de Cid iz ,  Apartado 

40, Puerto Real (Cadi?),  Spain 

Abstract  - The 3-ll',l'-dimethylallyllcoumarins cha lep in  (21, rutamarin (3 )  and gra- - - 
v e l l i f e r o n e  141 have been synthesized from umbell i feron ( v i a  Claisen and Cope re -  

arrangealents of 3 ' , 3 ' - d ime thy la l l y l  ethers of 6-(3',3'-dimethylallyllumbelliferon w i t h  

and wi thout  an iod ine atonl as b lock ing group a t  C-8. 

Some na tu ra l  de r i va t i ves  of 3 - ( I  ' , l  ' - d ime thy la l l y1  )coumarins have been seen t o  have c y t o s t a t i c ,  

sometimes se lec t i ve ,  e f fec ts  on leukemic ce l l s ! "  The fol lowing compounds have been assayed " i n  

v i t r o " :  chalepensin (11, chalepin (21 and i t s  acetate,  rutamarin ( 3 ) .  As these compounds have been 
3  obtained i n  small quan t i t i es  from species o f  &, we have undertaken t h e i r  synthesis so t h a t  they  

may be obtained i n  su f f i c i en t  q u a n t i t i e s  f o r  f u r t he r  t h e i r  pharmacological study. 

This paper describes the synthesis o f  t h e  coumarins 2, 3 and !? i n  7.5 %, 7.0 % and 10.3 % o v e r a l l  

y i e l d s  respec t i ve l y .  The key step invo lves  Claisen and Cope rearrangements of the  corresponding 

3 ' , 3 ' - d ime thy la l l y1  e ther  of 6-(3',3'-dimethylallyllumbelliferon. Our approach took i n t o  account 

the h igh y i e l d  o f  compound 5,  obtained i n  t h e  course o f  the rearrangement o f  6 from an a l l y l i c  e- 

ther  of u r rbe l l i fe ron w i t h  p o s i t i o n  C-6 and C-8 being blocked. As s a t i s f a c t o r y  r e s u l t s  were n o t  ob- 

ta ined w i t h  t h i s  procedure, the synthesis was undertaken anew w i thou t  b lock ing t h e  C-8 pos i t i on ,  

which gave be t te r  r e s u l t s .  
5 Treatment of umbel l i feron ( L l  w i t h  i od ine  i n  ammonia gave 8- iodoumbel l i feron (8, 84 %I. A l k y l a t i o n  

of 1 w i t h  3-chloro-3-methyl-1-butyne gave 7-(1',1'-dimethylpropynyloxyl-8-iodocoumarin (9, 78 %I. 
9 was hydrogenated on BaS04 -Pd i n  toluene, y i e l d i n g  7-(l',la-dimethylally1oxy)-8-iodocouma- - 

5 r i n  ( E l .  

Claisen rearrangement o f  10 i n  d ime thy lan i l i ne  (MA)  a t  150°C gave demethylsuberosin (fl) and os- 
5  thenol  ( 2 1  i n  70 % and 25 %, respect ive ly .  When Claisen rearrangement was c a r r i e d  ou t  i n  AcZO/AcONa 

13 (53 %I, 14 (31 %I and 11 (11 %I were obtained. - - 
Treatment o f  13 w i t h  3,3-dimethylal ly l  bromide, i n  t h e  presence of KZC03 i n  acetone, gave 6 - (3 ' , 3 ' -  

dimethylallyll-7-dimethylallyloxyl-8-iodocoumarin (16, - 61 %I. The same compound was obtained by 

hydro lys is  of the acetate (13, 97 %I and f u r t h e r  isopreny la t ion  (96 $1 of t h e  r e s u l t i n g  phenol x. 
Rearrangement o f  16 i n  DMA a t  200°C gave three main products, charac ter ised as g rave l l i f e rone  (4, 

10 %I. demethylsuberosin (2, 36 % i  and 6-(3',3'-dimethylallyl1-8,9,9-trimethyl-8,9-dihydroangeli- 

c i n  (16, 36 %I. The H-NMR spectrum o f  2 was very complex, so t h a t  i t  was i d e n t i f i e d  bear ing i n  
6  

mind the r e s u l t s  obtained i n  the  rearrangement of 3',3'-dimethylallylumbelliferon where oneo f the  

products obtained turned t o  be 8,9,9-trimethyl-8,S-dihydroangelicin. I n  any case, t h e  r e s u l t s  of 

t h i s  react ion  were not considered sa t i s fac to ry ,  g iven the low y i e l d  i n  4, as t h e  d i v e r s i t y  of 

r eac t i on  products, and t h e  d i f f i c u l t y  i n  t h e i r  separation. These f a c t s  have t o  be explained by,  t h e  

d i f f i c u l t y  i n  the  formation of the  corresponding s ta tes  of t r a n s i t i o n  (E and by s t e r i c  andlor 

e lec t ron i c  f ac to rs .  



1 2 3 6, R = OMe, R = -CH2-CH=CMe2, R = I - 
7, ~ 1 -  ~ 2 ;  ~ 3 ;  H - 

1 2  3 8 , R = R E H , R = I  - 
3 

9, R1= H, R'= -CMe -&H, R = I - 2 
2 3 10, R'=  H, R = -CMe 2 -CH=CH2, R = I 

1 2 3 
11 ,  R = -CH -CH=CMe2, R = R = H - 2 

1 2  3 
12, R = R = H, R = -CH2-CH9CMe - 2 

1 2 3 13, R = -CH2-CH=CMe2, R = Ac, R = I - 
3 

14, R'= H, R2= Ac, R = -CH2-CH-CMe2 - 
1 2 3 15, R = H, R = Ac, R = I - 
1 2  3 16, R = R = -CH2-CH=CMe2, R = I - 
1 2 3 17, R . -CH2-CH=CMe2. R = H, R = I - 
1 2  3 22. R = R = -CH2-CH=CMe2, R.= H - 
1 3 23, R = -CH2-CH=CMe2, R'=AC, R = H - 
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With t h e  alm t o  avo id  t h i s  problem, t h e  syn thes is  o f  4 from d e r i v a t i v e s  n o t  hav ing  t h e  C-8 p o s i -  

t r o n  b locked  by i o d i n e  'was i n v e s t i g a t e d .  Thus, fi was subjected t o  i s o p r e n y l  a t i o n  w i t h  3,3-dime- 

t h y l a l l y l  bromlde i n  acetone/K2C03 t o  g i v e  22 (90 % I .  2 was a l s o  ob ta ined  from 13 b y  t r e a t m e n t  
o i t h  Zn and f u r t h e r  i s o p r e n y l a t i o n .  When 11 was sub jec ted  t o  rearrangement i n  OMA a t  200°C, t h e  

sa~oe compunds 14, fl and 181 were ob ta ined  i n  y i e l d s  of 2 6  %, 17 % and 57 %, r e s p e c t i v e l y .  T h i s  

r e a c t i o n  was c leaner ,  t h e  p roduc ts  e a s i e r  t o  separa te ,  and t h e  y i e l d  o f  4 g r e a t e r  t h a n  t h a t  i n  t h e  

rearrangement of 5. 
When rearrangement of 2 2  - was a t tempted  i n  Ac20/AcONa, only  demethylsuberosin a c e t a t e  (3) a8 r e a t -  

t i o n  product  was ob ta ined .  

Treatment of 4 w l t h  m-chloroperbenzoic a c i d  (MCPBA) l e d  d i r e c t l y  t o  c h a l e p i n  (5, 73 X I ;  t h e  reac-  

t i o n  was done i n  Et20 and t h e  p roduc ts  were separated by chromatography column on  b a s i c  a lumina.  

It was n o t  p o s s i b l e  t o  separate t h e  i n t e r m e d i a t e  epoxide.  A c e t y l a t i o n  o f  1 l e d  t o  r u t a m a r i n  (3, 
92 PI. 
I n  conclusion, t h e  syn thesrs  of ru tamar rn  ( 3 )  1s descr ibed  f o r  t h e  f i r s t  t i m e .  Cha lep in  ( 1 )  and 



- 
6  g r a v e l l l f e r o n e  (41 had p r e v i o u s l y  been synthesized, '  i n  y i e l d s  of 0.43 % and 0.69 %, r e s p e c t i v e l y .  

EXPERIMENTAL 

Me l t ing  p o i n t s  were d e t e r m n e d  i n  a  K o f l e r  b l o c k ,  Re icher t -Jung  apparatus, and a r e  uncor rec ted .  

I R  spec t ra  were recorded i n  a  Perk in-Elmer 257 o r  a  D i g i l a b  $15-IMX spectrophotometer ,  valUeS 

'being g i v e n  i n  cm:' UV were recorded i n  a  Shimadzu MPS-2000, d i s s o l v e d  i n  MeOH, and a r e  g i v e n  i n  

nn. The NMR spectra were recorded w i t h  a  H i tach i -Perk in -E lmer  H-240 60 MHz i n s t r u m e n t  o r  i n  a  Bru-  

ker Spectrospin 200 MHz, u s ~ n g  TMS as i n t e r n a l  re fe rence ;  chemical  s h i f t s  a r e  g i v e n  i n  6 and Cou- 

p l i n g  constants l n  Hz .  IMais spectra were measured w i t h  a  VG 12250. T h i n - l a y e r  chromatography Was 

done w i t h  MN Alugram SiL G/UV 254 p l a t e s ,  0.25 nm t h ~ c k .  Merck s i l i c a  ge l  (0.06-0.2 nm) was used 

In Column chromatography, and elution was c a r r l e d  o u t  w i t h  r n ~ x t u r e s  o f  hexane and e t h y l  a c e t a t e .  

8 - l o d o u n ~ e l l l f e r o n e  ( 8 )  - 

iodine (3 .22  g l  p r e v i o u s l y  d i s s o l v e d  i n  100 ml of 5  % aqueous K I  were added d ropwise  t o  2  g  O f  1 
i n  50 mi o f  20 % aqueous NH40H s o l u t i o n  d u r i n g  30 min  under a g i t a t i o n .  A g i t a t i o u  was m a i n t a i n e d  

for a d d i t i o n a l  2  h, and t h e  necessary amount o f  2.5 N H2S04 was added t o  a d j u s t  t o  a  s l i g h t l y  a d -  

dlc pH, t h u s  producing t h e  p r e c l p l t a t i o n  of 8. F i l t r a t i o n  and r e c r y s t a l l i z a t i o n  from EtOH/HZO p r o -  
7  

duced 2.9 5  (84 1) o f  5 ,  Mp, 219-22I0C iEtOH/HZO) ( l i t .  228-232'C). Spectroscopic da ta  agreed w i t h  
5  those found i n  the  l i t e r a t u r e .  

7 - 1 1 '  ,I '-Dim~~nylpropynyloxyl-a-iodocoumarin ( 9 )  

K2COi il g l .  K I  10.25 g l .  8 (0.97 91. 60 mi o f  anhydrous acetone and 1  ml o f  wa te r  were mixed. 
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3-Chloro-3-methyl-1-butyne (2 m l )  was added, an! t h e  mixture was re f l uxed  i n  g l yce r i ne  bath  a t  

80°C. The r e a c t i o n  was monitored by TLC, and, when t h e  s ta r t i ng  product disappeared, heat ing was 

cut o f f .  The mix ture  was f i l t e r e d  and the solvent evaporated. The residue was dissolved i n  AcOEt 

and washed w i t h  saturated NaHCO so lu t i on  and b r i ne .  The organic phase was d r i e d  over anhidrous 3 
Na2S04, f i l t e r e d  and t h e  solvent evaporated. The product was r e c r y s t a l l i z e d  from AcOEt, g i v i n g  

5 0.93 g (78 % )  of 9, Mp, 186-188T (AcOEt) ( l i t .  183-184°C). Spectroscopic data agreed w i t h  those 
5 found i n  the  l i t e r a t u r e .  

9 (200 mg) was dissolved i n  25 ml of toluene. Pd/BaSOq (10 %) (50 mg) was added, and t h e  m ix tu re  - 
was subjected t o  hydrogenation a t  1 atm pressure of Hz. When t h e  s t a r t i n g  ma te r i a l  disappeared, 

as ascertained by TLC, t h e  reac t i on  was stopped. The cata lys t  was f i l t e r e d  through c e l i t e ,  and t o -  

luene was removed by d i s t i l l a t i o n  under reduced pressure. The reac t i on  product was r e c r y s t a l l i z e d  
5 from c h l o r o f o n ,  the  reac t i on  y i e l d  being quan t i t a t i ve ,  Mp, 102-105'C (CHC13) ( l i t .  98-101°C). Spec- 

5 t roscop ic  data agreed w i t h  those given i n  t h e  l i t e r a t u r e .  

Claisen Rearrangement of 7-11, ,I '-0imethylallyloxy)-8-iodocoumarin (10) i n  Ac$/AcONa 

7 - ( I '  , 1  '-Dimethylally1oxy)-8-iodocoumarin (10) (280 mg) was d isso lved i n  20 ml o f  d i s t i l l e d  Ac20. 

Dry anhydrous AcONa (1.8 g )  was added, and the mix ture  was heated a t  150'C f o r  1 h. The anhydride 

was hydrolyzed trough t h e  add i t i on  of i c e  water and ag i t a t i on  f o r  30 min. The mix ture  was ex t rac -  

t ed  w i th  AcOEt, neu t ra l i zed  w i t h  saturated NaHC03 so lu t ion ,  washed w i th  b r i n e  and d r i e d  over anhy- 

drous Na2SOq. Evaporation of solvent fu rn ished 300 mg o f  crude product.  Column chromatography on 

s i l i c a  gel  of the  crude product gave: 8-Iododemethylsuberosin Acetate, (13). (167 mg, 53 % ) ;  Osthe- 
8 7 

no1 Acetate (14 ) ,  (66 mg, ;I $ )  ; 8-Iodoumbel l i feron Acetate (E), (28 mg, 11 % ) .  - 
8-IododemetnylsuDerosin Acetate (13) - - -  Mp 151-154°C (hexane/AcOEt). uv Amax 322, 284, 234. IR - 
(KBr) 1770, 1750, 1620, 1550, 1200, 840. H-NMR ICDC13) 7.55 (d,  J.9.5, H-4); 7.30 (5,  H-5); 6.30 

Id, Jz9.5, H-3); 5.20 (b r  :, J.7.0, H-2'1; 3.23 (d, Jz7.0, H- I '  H-1;); 2.56 I s ,  M~CO-);  1.75 ( b r  a 
s, gem-Me); 1.66 ( b r  s, gem-Ne). 

8 Ustnenol Acetate (14) --- Mp 91-93°C (hexane/AcOEt) ( l i t .  94-9SPC). UV ,Imax 284.5. IR (KBr) 1760, - 
1740, 1610, 1240, 810. H-NMR 7.70 (d, J-9.5, H-4); 7.36 (d, J=8, H-5); 7.00 ( d ,  5-8, H-6); 

6.30 Id, Jz9.5, H-3); 5.18 ( b r  t, J=8, H-2' 1; 3.47 (d, 5.8, H-1'1; 2.36 (8, MeCO-1; 1.80 

( b r  s, gem-Me); 1.66 ( b r  s, gem-Me)(in CDCI3). 

8- Iodoumbel l i feron Acetate (15) --- H-NMR (CDC13) 7.65 (d, Jz9.5, H-4); 7.45 (d, J=8, H-5); 7.06 

Id,  J=8, H-6); 6.40 (d, Jz9.5, H-3); 2.40 I s ,  MeCO-). 

Hydrolysis of 8- Iododemetnylsu~erosin Acetate (13) - 
13 (40 mg) was d isso lved i n  5 ml o f  MeOH and 2 mi of a so lu t ion  o f  4 g / l  o f  NaOH i n  MeOH was - 
added. The mix ture  was s t i r r e d  a t  room temperature and monitored by TLC. No differences i n  Rf va- 

lues were observed, but the  phenol Showed blue fluorescence u n l i k e  t h e  s t a r t i n g  mater ia l .  The 

reac t i on  mix ture  was neu t ra l i zed  w i t h  so lu t i on  o f  HCI and taken t o  dryness. The residue was washed 

w i t h  br ine ,  ex t rac ted  w i t h  AcOEt, d r i ed  over Na2SO4 and concentrated, g i v i n g  32 mg (97 $1 o f  8-10- 

dodernethylsuberosin (17) ,  - Mp, 162-165°C (AcOEt). uvJmax 327. IR (Ka r l  1700, 1620, 1580, 

1250, 860. H-NMR (COCI3) 7.53 Id ,  Jz9.5, H-4); 7.17 Is ,  H-5); 6.23 Id ,  5~9 .5 ,  H-3); 5.30 ( b r  t, 

J.8.0, H-2'); 3.40 (d,  J=8.0, H-1; H- lb l ;  1.73 (br  s, gem-diMel. M S m h  356 (121, 341 (1001, 301 

(43).  2SE (10).  



Ueprotection w i t h  Zn of 8-Iododemetnylsuoerosin Acetate (13)  

13 190 mg) was dissolved i n  MeOH, and around 100 mg of ac t i va ted  Zn was added. A f t e r  a g i t a t i n g  f o r  - 
18 h, the  mix ture  was f i l t e r e d  through c e l i t e  and t h e  solvent evaporated. 10 % HCI and Et20 were 

added t o  the residue, and the organic l aye r  was separated. This was washed w i t h  br ine ,  d r i e d  over 

anhidrous Na2S04 and taken t o  dryness. TLC showed t h a t  t h e  residue was a mix ture  of two products 

which, when separated by column chromatography, were: Demethylsuberosin (11 I ,  (40 mg, 77 %) ,  Mp, 

131-133°C (CHC13); Demethylsuberosin Acetate (23),  - (12 mg, 19 %), Mp, 96-98°C (CHC13) ( l i t ?  97-98°C). 

Claisen Rearrangement o f  10 i n  MA 

10 (170 mg) was dissolved i n  7 ml of DMA. The so lu t i on  was heated f o r  6 h a t  150°C i n  a stream o f  - 
N2 and cooled. A so lu t i on  of 10 L HCI and Et20 was added. The organic l aye r  was separated and neu- 

t r a l i z e d  w i th  saturated NaHC03 so lu t ion ,  washed w i t h  b r i n e  and d r i ed  over anhidrous Na2S04. Evapo- 

ra t i on  of solvent led  t o  a mix ture  o f  products, separat ion o f  which by column chromatography gave: 

Oemethylsuberosin ( ? I ) ,  - (77 mg, 70 %) ;  Osthenol (12). (27 mg, 26 % I ,  Mp, 120-12Z°C (CHC13). 

Treatment of 8-Iododemethylsuberosin (17) w i t h  3.3-Dimethylal ly l  Bromide 

17 1112 mg) was dissolved i n  15 ml o f  anhydrous acetone, and 500 mg of K7C01 and 150 mg o f  3,3-Di- - - - 
me thy la l l y l  Bromide were added. The mix ture  was re f luxed a t  80°C fo r  30 min, a f t e r  which i t  was 

f i l t e r e d ,  taken t o  dryness, dissolved i n  AcOEt, washed i n  a saturated NaHC03 so lu t i on ,  w i t h  b r i n e  

and d r i ed  over anhidrous Na,SO,. Solvent evaporat ion l e d  t o  128 my (96 I )  o f  the  a l k y l a t e d  product 
L 7 

(16). 
6-(3',3'-Uimethylallyl1-7-13~',3"-dimethylallyl0xy)-8-i0docoumarin (16) --- O i l .  WJmax 325, 253. 

I R  ( f i l m )  1740, 1620, 1500, 1130, 825. H-NMR (C0Cl3) 7.60 (d, Jz9.5, H-4); 7.25 (2,  H-5); 6.30 

(d, Jx9.5, H-3); 5.65 (in, H-2"); 5.25 (m, H-2') ;  4.50 (d, J-7.5, H-I"  H-1;); 3.50 (d, J=8.0, H-1' 
a a 

H- lb) ;  1.75 (b r  s, 2 gem-diMe). MS m/z 424 (25 ) .  409 ( l o ) ,  394 (151, 356 (100). 292 (12).  

Treatment of 8-lododemethylsuberosin Acetate (13) w i t h  3,3-Dimethylal ly l  Bromide 

13 123 mg) was dissolved i n  5 ml of anhydrous acetone, and 100 mg K2C03 and 50 mg o f  3,3-Dimethyl- - 
al l y1  Bromide were added. The mix ture  was heated i n  r e f l u x  f o r  24 h. A f t e r  coo l ing ,  t h e  p r e c i p i t a -  

t e  was f i l t e r e d ,  and t h e  so lvent  was evaporated. The res idue was d isso lved i n  AcOEt, washed w i t h  

a saturated NaHC03 so lu t ion ,  w i t h  br ine,  and d r i e d  over anhidrous Na2S04. A f t e r  p u r i f i c a t i o n  by 

column chromatography, 2 (16 mg, 61 %) was obtained. 

6-13',3'-Dimethylallyl)-7-(3'~,3'~-dimethy1a11y1oxycoumarin (22) 

11 1100 mg) was dissolved i n  15 ml o f  anhydrous acetone and 500 mg o f  K7C03 and about 200 mg o f  - 
Isopenteni l  Bromide were added. The mix ture  was re f luxed a t  80°C. ~ f t e r - 3 0 - m i n  the  s t a r t i n g  mate- 

r i a l  disappeared on TLC. Then the reac t i on  mix ture  was cooled, f i l t e r e d ,  d r i ed  and t h e  residue 

dissolved i n  AcOEt, washed w i t h  saturated NaHC03 so lu t ion ,  w i t h  br ine,  and d r i ed  over anhidrous 

Na2S04. Solvent evaporation l e d  t o  116 mg (90 % )  of 11. O i l .  W A r n a x  325, 253. I R  ( f i l m )  1740, 

1625, 1570, 1500, 1130, 830. H-NMR (CDC13) 7.66 (d, J=9.5, H-4); 7.02 (s, H-5); 6.80 I s ,  H-8); 

6.25 (d, J=9.5, H-3); 6.65-6.13 (m, H-2' and H-2"); 4.63 (d,  J=7.0, H-1"); 3.33 (d, J=7.0, H-1') ;  

1.8 (b r  s, 2 gem-dlMe). MS m/z 298 (M+) .  

Claisen Rearrangement o f  22 i n  DNA 

2 2  (250 mg) was dissolved i n  20 ml of OMA w ~ t h  a g i t a t i n g  i n n i t r o g e n  atmosphere. Themixturewas hea- 
p 

ted a t  200°C f o r  6 h, a f t e r  which Et20 and 10 % HC1 were added. The organic l aye r  separated and 
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neu t ra l i zed  w i t h  a saturated NaHC03 so lu t ion ,  washed w i th  br ine  and d r i e d  over anhydrous Na2S04.TLC 

showed a mix ture  of th ree products which, when separated by column chromatography t o  g ive :  144 mg 

(57 % )  of 6-(3',j'-Oimethylallyl)-8,9,9-trimethyl-8,9-dihydroangelicin (181, 64 mg (26 %) o f  gra- 
4 

v e l l i f e r o n  (4 ) ,  - Mp, 160-162T (hexane1AcOEt) ( l i t .  166-168'C), and 42 mg (17%) of demethylsubero- 

s i n  (11). 

Claisen Redrrangement o f  22 i n  Ac,O/AcONa 

22 I61 sg )  was dissolved i n  5 ml of d i s t i l l e d  Ac20 and 250 mg o f  AcONa was added. The mix ture  was - 
heated fo r  6 h a t  200DC under ni t rogen. It was then cooled, and i c e  water was added w i t h  a g i t a t i n g  

fo r  30 min. The m i x ~ u r s  was ex t rac ted w i th  AcOEt and the organic l aye r  was neu t ra l i zed  w i th  a sa- 

t u ra ted  NaHC03 so lu t ion ,  washed w i th  br ine,  and d r i e d  over anhidrous Na2S04 A f te r  t a k i n g  t o  dry- 

ness, 56 mg crude product was obtained. TLC showed t h e  appearance o f  a p r i n c i p a l  product which, 

a f t e r  separat ion through a s i l i c a  gel  column, was i d e n t i f i e d  as demethylsuberosin acetate (231, 
(50 mg, 88 XI. 

Claisen Rearrangement i n  OMA of 6-(3',3'-0imethylallyl)-7-13",3"-dimethylallyloxy1-8-iodocoumarin 

(16) - 
16 (44 mg) was d isso lved i n  5 ml of DMA and i t  was heated a t  200°C f o r  6 h i n  n i t r ogen  f l o w  and - 
then cooled. Et20 and 10 % HCI were added, and the organic l aye r  was washed w i th  sa tura ted NaHC03 

so lu t ion ,  w i t h  b r i n e  and d r i ed  over anhidrous Na2S04. Evaporation of so lvent  l e d  t o  30 mg o f  crude 

product,  TLC of which showed the presence of three products t h a t  were separated by column chroma- 

tography w i th  e l u t i o n  of hexanelAc0Et mixtures ( 9 : l ;  8:2; etc.) .  Thus, the  fo l lowing conpounds we- 

r e  i so la ted  as f o l l ows :  ( 1 1  mg, 30 %),  4 13 mg, I 0  % ) ,  and demethylsuberosin I l l ) ,  (11 mg, 46 - 
% ) .  

Chalepin ( 2 )  

Grave l l i fe ron (4 )  130 mg) was dissolved i n  5 m l  o f  Et20, and the so lu t i on  was cooled a t  C'C. MCPBA 

I20 mg) was d isso lved i n  5 ml o f  E t Z O ,  was added. A f t e r  ag i t a t i ng  f o r  6 h t h e  r e a c t i o n  mix ture  was 

washed w i th  sa tura ted NaHC03 so lu t ion ,  then w i t h  b r i n e  and d r i ed  over anhydrous Na2S04. The reac- 

t i o n  mix ture  was chromatographied on an alumina column, separating 23 mg (73 %) o f  1, Mp, 136- 

139°C (hexane1AcOEt) ( l i t !b 118-119°C). UV A ,ax 330. I R  (KBr) 3200, 1715, 1630, 1600, 1500, 1290. 

H-NMR (200 MHz, C0Cl3) 7.45 ( s ,  H-4); 7.17 I s ,  H-5); 6.69 (s, H-8); 6.15 (dd, J=18.0 and 10.2, 

H-2'); 5.10 Id, J-18.0, H-3' t rans) ;  5.04 (d, J=10.2, H-3' c i s ) ;  4.70 ( t ,  J-9.0, H-2"); 3.20 (d,  

J=9.0, H-3"); 1.77 (s, OH); 1.45 (5, C-1'Me2); 1.34 (s,  Me-C-OH); 1.21 ( s ,  Me-C-OH). MS mlz 314 

(M+). 

Rutamarin (3 )  

D i s t i l l e d  Ac20 (1  ml)  and a c a t a l y t i c  amount o f  p- to luensul fonic ac id  were added t o  20 mg of 2. 
The mix ture  was s t i r r e d  f o r  2 h, i c e  water was added, and then s t i r r e d  f o r  30 min more. The mix- 

t u r e  was ex t rac ted w i t h  AcOEt, and the organic l aye r  was neut ra l ized w i t h  saturated NaHC03 so lu t i on ,  

washed w i th  b r i n e  and d r i ed  over anhydrous Na2S04. Evaporation o f  solvent furnished 21 mg (92 %) 

of rutamarin (31, Mp, 100-103°C (hexane1AcOEt) 107-1089Cl. UV Amax 333, 298, 258. I R  (KBrl  

1740, 1710, 1620, 1590, 1240, 990. H-NMR (200 MHz, C0Cl3) 7.45 (s, H-4); 7.14 (5, H-5); 6.68 (s ,  

H-8); 6.14 ldd, J=10.2 and 17.9, H-2') ;  5.05 ( t ,  J.8.0, H-2"); 5.04 Id ,  5.17.9, H-3' t rans) ;  5.02 

(d, J=10.2, H-3' c i s ) ;  3.19 (d, J=8.0, H-3"); 1.96 ( s ,  MeCO-I; 1.53 (5, Me-C-4"); 1.48 (s, Me-C- 

4" ) ;  1.44 (s,  Me?-C-1"). ')C-NMR (C0Cl3) 170.1 (CO, acetate); 162.5 (C-7); 160.6 (C=O-2); 154.9 



(C-9); 145.7 (C -2 ' ) ;  138.0 (C-4); 131.1 (C-3); ,123.8 (C-6); 123.1 (C-5); 113.1 (C-10); 112.1 (C- 

3 97.1 (C-8); 88.3 (C-2") ;  88.2 (C-4"); 40.3 ( C - 1 ' ) ;  29.7 (C-3"); 26.1 (Me2-C-1'); 22.1 (Me2- 

C-4"); 21.0 (Me-C02-); these as ignat ions  were c a r r i e d  ou t  w i t h  t h e  a i d  of INEPTRD. MSmb 358(Mt). 
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