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SYNTHETIC COMMUNICATIONS, 23(17), 2337-2345 (1993) 

SYNTHESIS OF SEMIVIOXANTHIN# 

V.H. Deshpande*, R.A. Khan, 13. Rai, and N.R. Ayyangar 

National Chemical Laboratory, Pune 411 008 (INDIA) 

Summary : A short route to semivioxanthin ( 1 )  is 
described. 

Semivioxanthin (11 ,  an antifungal natural product 

isolated under different culture conditions from 

_______ Penicillium ______ cetreo-viride by Zeeck et all was shown to 

be 3,4-dihydr~o-9,10-dihydroxy-7-methoxy-3-methyl-l-oxo- 

lH-naptho[2,3-c]pyran. A few o f  the other examples of 

natural products having similar basic skeleton are 

vioxanthin, SC-28762, SC-287632 and SC-30532.3 A l -  

though l was isolated in 1979, its first synthesis was 

1 2 

* T o  whom correspondence should be addressed. 
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2338 DESHPANDE ET AL. 

reported in 1990 by Yamaguchi et a14 via polyketide 

approach. This prompted us to develop a short and 

simple synthesis o f  semivioxanthin as outlined in the 

Scheme. 

5 : R = CH20CH3 

l : R = H  
i i  C 3 :R = CH20CH3 4 

R e a g e n t s :  I )  L B A ,  T Y F  -ia'L^, 1 : )  Corlc, H C l ,  T H F ,  i i i )  ii2Cr20?, ksOH. 

Synthesis o f  1 was achieved by the condensation of 

methyl-4-methoxy-2-methoxymethoxy-6-methylbenzoate (3) 

with 4-methoxy-6-methyl-5,6-dihydro-2-pyrone ( 4 1 ,  

followed by deprotection. The orsellinate derivative 3 

was prepared by selective demethylation o f  methyl 

orsellinate dimethyl ether5 (CH2C12, 1 . 5  equiv. AlC13, 

90%) followed by MOM protection (NaH, C1CH20CH3, 80%). 

The 4-methoxy-6-methyl-5,6-dihydro-2-pyrone ( 4 ) ,  m . p .  

56"C, was obtained in quantitative yield by methylating 

(Me2S04, anhyd. K2COg, acetone) the corresponding 

hydroxy compound6. Condensation' o f  3 (2 equiv. LDA, 

THF, - 7 8 ° C )  with the lactone 4 afforded MOM protected 

semivioxanthin 5 in 6 8 %  yield. Removal of methoxy 

methyl protection (conc. HC1, THF) gave 1 in 82% yield. 
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SYNTHESIS OF SEMIVIOXANTHIN 2339 

Ox ida t ion  o f  1 (K2Cr207, a c e t i c  a c i d )  a f f o r d e d  

semixanthomegnin ( 2 )  i n  77% y i e l d .  Spectroscopic da ta  

and m.p. o f  I and 2 were i n  good agreement w i t h  those 

p r e v i o u s l y  repo r ted ' .  

GENERAL 

A 1  

spec t ra  

REMARKS 

m e l t i n g  p o i n t s  were uncorrected.  I n f r a r e d  

were recorded on Perkin-Elmer I n f r a r e d  

spect ro.  .e ter  model 683 8. 'H-NMR spec t ra  were recorded 

i n  C D C l = ,  on Var ion FT-80 o r  Bruker WH-90 spectrometer 

us ing TMS as i n t e r n a l  standard w i t h  chemical s h i f t s  ( 6 )  

expressed i n  ppm. Mass spec t ra  were recorded on CES-21-  

110 B spectrometer operat  

i n l e t  system. A l l  so l ven ts  

and d r i e d  by standard techn 

ng a t  70 eV us ing  d i r e c t  

and reagents were p u r i f i e d  

ques. 

EXPERIMENTAL 

Methyl 4-methoxy-2-methoxymethoxy-6-methylbenzoate (3): 

To t h e  s t i r r e d  s o l u t i o n  o f  methyl o r s e l l i n a t e  

d imethy l  e the r  (1.5 g, 7 . 1 5  mrnol )  i n  d r y  

dichloromethane (25 m l )  a t  0% was added powdered 

anhydrous A1C13 ( 1 . 4 3  g ,  1 0 . 7  mmol). A f t e r  3 0  min. the  

m i x t u r e  was al lowed t o  warm t o  room temperature and 

s t i r r e d  f u r t h e r  2 . 5  h .  I t  was then poured s l o w l y  i n t o  

c o l d  d i l u t e  HC1 s o l u t i o n ,  warmed on wat.er bath f o r  20 

min. A f t e r  cool i n y  t o  room temperature, c o l o u r l e s s  
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2340 DESHPANDE ET AL. 

c r y s t a l l i n e  s o l i d  separated was f i l t e r e d ,  washed 

tho rough ly  w i t h  wa te r ,  d r i e d  and c r y s t a l l i s e d  f rom p e t  

e t h e r  t o  o b t a i n  Methyl  2-hydroxy-4-methoxy-6- 

methylbenzoate (1 .26  g ,  9 0 % ) ;  m.p. 67OC ( L i t . * ,  

m . p .  6 7 O ~ ) .  

T o  a s t i r r e d  suspension o f  sodium h y d r i d e  (0.086 

g ,  3 .6  rnmol) [ 5 0 %  sodium h y d r i d e  (0.172 g)  emulsion i n  

p a r a f f i n  was washed w i t h  d r y  benzene ( 5  m l )  under argon 

atmosphere] i n  d ry  benzene (25 m l )  was i n j e c t e d  a 

s o l u t i o n  o f  o r tho-hydroxy  e s t e r  (0.700 g, 3.6 mmol) i n  

d r y  benzene (5  m l ) .  I t  was s t i r r e d  a t  room temperature 

f o r  30  min and then coo led  t o  10°C. To t h e  r e s u l t i n g  

sodium phenoxide suspension, ch lo romethy l  methyl  e t h e r  

( 0 . 4 3  g,  5 . 4  mmol) was added w i t h  v igo rous  s t i r r i n g .  

I t  was s t i r r e d  a t  5-1OoC f o r  1 h and then a t  room 

temperature f o r  4 h .  The s o l v e n t  was removed under 

reduced pressure  and t h e  res idue  a f t e r  workup was 

p u r i f i e d  by column chromatography on s i l i c a  ge l  

( e l u e n t :  5% acetone-pet.  e t h e r )  t o  a f f o r d  compound 3 as 

a c o l o u r l e s s  v i scous  o i l ,  (0.685 g, 80%). I R  (Neat):V 

rnax 1740 and 1620 cm-' . 'H-NMR : 6 2 . 2 6  ( s ,  3H), 3 .44  

( s ,  3H), 3.75 (s ,  3H), 3.85 (s, 3 H ) ,  5 . 1 1  ( s ,  2 H ) ,  

6.35 ( d ,  J = 2 . 5  H z ,  1H) and 6 . 5 7  (d ,  J = 2 . 5  Hz, 

lH).MS (m/e): 240 ( M c ) .  Ana lys i s  c a l .  f o r  C 1 2 H 1 6 0 5  : C ,  

60.00;  H ,  6 . 6 7 ;  Found : C ,  5 9 . 9 0 ;  H,  6.66%. 
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SYNTHESIS OF SEMIVIOXANTHIN 2341 

4-Methoxy-6-methyl-5,6-dihydro-2-pyrone ( A ) :  

A m i x t u r e  of  4-hydroxy-6-methyl-5,6-dihydro-2- 

pyrone6 ( 1 . 2 8  g, 10 mmol), d ime thy l  su lpha te  ( 1 . 5 1  g, 

1 2  mmol) and anhydrous potassium carbonate ( 2 . 1  g, 15  

mmol) i n  d r y  acetone ( 5 0  m l )  was heated t o  r e f l u x  f o r  

8 h.  The acetone was d i s t i l l e d  o f f  f rom t h e  r e a c t i o n  

m i x t u r e ,  water ( 5 0  m l )  was added t o  t h e  res idue  and 

e x t r a c t e d  w i t h  dichloromethane ( 3  x 25 m l ) .  The 

o rgan ic  e x t r a c t s  were combined, d r i e d  (Na2S04) and 

evaporated t o  leave a v i scous  o i l .  Chromatographic 

p u r i f i c a t i o n  o f  t h e  crude p roduc t  on s i l i c a  ge l  u s i n g  

5% acetone-pet.  e t h e r  as an e l u e n t  a f f o r d e d  t h e  

methoxypyrone 4 ( 1  .359,95%); m.p. 56OC. I R  (Nujo1):V 

max, 1735  and 1620  cm-l.  lH-NMR : 6 1 . 3 9  ( d, J = 6 . 8  

H z ,  3H), 2 . 9 3  ( m ,  2 H ) ,  3 . 6 9  ( s ,  3 H ) ,  4 . 4 8  (m, 1H)  and 

5 . 1 0  ( s ,  l H ) . M S  (m/e):  142 ( M + ) .  A n a l y s i s  c a l .  f o r  

C7H,003 : C ,  5 9 . 1 5 ;  H ,  7 . 0 4 ;  Found : C ,  5 9 . 2 0 ;  H, 

7 .00%.  

3,4-Dihydro-l0-hydroxy-7-methoxy-9-methoxymethoxy-3- 

methyl-l-oxo-1H-naphtho[2,3-c]pyran ( 5 ) :  

To t h e  s o l u t i o n  o f  LDA [p repared f rom 1 . 6  M n-BuLi 

i n  hexane ( 2  v l )  and d i i s o p r o p y l  amine ( 0 . 4 4  m l ,  3 . 1 5  

m m o i )  a t  O°C under argon atmosphere] i n  THF ( 1 0  ml), a 

s o l u t i o n  o f  3 ( 0 . 3 7 8  9, 1 . 5 7  mmol) i n  THF ( 2  m1) was 

i o j e c t e d  a t  - 7 8 O C .  A f t e r  1 5  min. t h e  r e s u l t a n t  orange- 

D
ow

nl
oa

de
d 

by
 [

M
cM

as
te

r 
U

ni
ve

rs
ity

] 
at

 2
3:

32
 1

5 
Ju

ne
 2

01
6 



2342 DESHPANDE ET AL. 

e x t r a c t e d  w i t h  dichloromethane. The o rgan ic  

was washed w i t h  sa tu ra ted  b r i n e  s o l u t i o n  

(Na2S04)  and evaporated t o  g i v e  brown t h  

res idue .  I t  was chromatographed ( s i l i c a  g e l ,  

red a n i o n i c  s o l u t i o n  was t r e a t e d  w i t h  dihydropyrone 4 

( 0 . 2 2 3  g ,  1 . 5 7  mmol) i n  THF ( 2  m l f  and t h e  r e a c t i o n  

m i x t u r e  was s t i r r e d  f u r t h e r  f o r  30 min. a t  -78OC. It 

was then a l lowed t o  warm t o  room temperature and 

s t i r r e d  f o r  20  min. The r e a c t i o n  m ix tu re  was poured 

i n t o  an i c e  c o l d  d i l u t e  h y d r o c h l o r i c  a c i d  s o l u t i o n  and 

e x t r a c t  

d r i e d  

ck o i l y  

e l u e n t :  

15% acetone-pet. e t h e r )  t o  y i e l d  compound 5 (0 .340 g ,  

6 8 % )  as a p a l e  ye l l ow  c r y s t a l l i n e  s o l i d ;  m.p. 138OC. 

I R  (CHC13) : V  max 1 6 5 4  and 1633  cm-'. 'H-NMR: 6 1 . 5 3  ( d ,  

J = 6 . 4  H z ,  3 H ) ,  2 . 9 2  (d ,  J = 6 . 8  Hz,  2 H ) ,  3 . 5 3  ( s ,  

3 H ) ,  3 . 8 6  ( s ,  3 H ) ,  4 . 6 5  ( m ,  l H ) ,  5 . 3 1  ( s ,  2 H ) ,  6 . 5 9  ( d ,  

= 2 . 5  Hz ,  l H ) ,  6 . 8 1  ( s ,  

8 ( M + ) .  Ana lys i s  c a l .  

Found : C, 6 4 . 0 9 ;  H ,  

J 2.5 Hz ,  l H ) ,  6 . 6 8  (d ,  J 

1 ~ )  and 9 . 0 3  (s, 1 H ) .  MS (m/e 

f o r  Cl7Hl8O6 : C ,  6 4 . 1 5 ;  H,  5 .  

5 .62%.  

: 3  

6 6 ;  

3,4-Dihydro-9,10-d~hydroxy-7-methoxy-3-methyl-l-oxo-lH- 

naphtho[2,3-clpyran (Serniv ioxanthin) (1): 

T o  the  s t i r r e d  s o l u t i o n  of naphthopyrone 5 (O . lg ,  

0 . 3 6 5  mmol) i n  THF ( 5  m l )  was added 4-5  drops o f  con- 

cen t ra ted  h y d r o c h l o r i c  a c i d  and s t i r r e d  a t  room temper- 

a t u r e  f o r  4 h .  T o  t h e  r e a c t i o n  m i x t u r e  an aqueous 5% 

sodium b icarbonate s o l u t i o n  ( 1 0  m l )  was added and the  
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SYNTHESIS OF SEMIVIOXANTHIN 

r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  w i t h  dichloromethane 

(2 x 15 m l ) .  The dichloromethane e x t r a c t  was washed 

w i t h  water,  sa tu ra ted  b r i n e  s o l u t i o n ,  d r i e d  over sodium 

sulphate and evaporated. P u r i f i c a t i o n  o f  t h e  crude 

product  by passing through s h o r t  column o f  s i l i c a  ge l  

( e l u e n t :  5% methanol-chloroform) a f f o r d e d  semivioxan- 

t h i n  ( 1 )  ( 0 . 0 7 1 9 )  i n  82% y i e l d  as a c r y s t a l l i n e  s o l i d ;  

m.p. 185OC ( L i t . ' ,  m . p .  185OC). IR ( C H C 1 3 ) : V m a x  1642 

and 1585 cm-1. uv (MeOH) :  x max ( E )  371.8 (IO,OOO), 

308 (3,600), and 261.2 (48,200) nm. 'H-NMR: 6 1.53 ( d ,  

J=6.5 Hz, 3H), 2.94 (m, 2H), 3.84(s, 3H), 4.72 ( m ,  l H ) ,  

6.47 ( d ,  J=2Hz,lH), 6.50 ( d ,  J=2 Hz, IH), 6.84 (s, 

lH), 9.37 ( s ,  IH) and 13.57 ( s ,  1H). MS (m/e): 274 

(M').  Analys is  c a l .  f o r  C15H1405 : C ,  65.69; H ,  5.11; 

Fouod : C,65.60; H,5.10%. 

3,4,5,9-Tetrahydro-lO-hydroxy-7-methoxy-3-methy1-~,6 

trioxo-lH-naphtho[2,3-c]pyran (Semixanthomegnin) (2) 

T o  the  s t i r r e d  s o l u t i o n  o f  semiv ioxanth in  

9- 

1 )  

(0.05 g, 0.175 mmol) i n  g l a c i a l  a c e t i c  a c i d  (5 ml) was 

added s o l i d  potassium dichromate (0.322 g, 1.09 mmol). 

A f t e r  s t i r r i n g  f o r  8 h a t  room temperature,  a m i x -  

t u r e  o f  ch loroform (10 m l )  and water (20 m l )  was 

added. The ch lo ro fo rm l a y e r  was separated and the  

aqueous p a r t  was e x t r a c t e d  w i t h  ch lo ro fo rm ( 2  x 10 ml). 

The ch lo ro fo rm e x t r a c t s  were u n i t e d ,  washed successive- 
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2344 DESHPANDE ET AL. 

l y  w i t h  wa te r ,  5% aqueous sodium b i ca rbona te  s o l u t i o n ,  

s a t u r a t e d  b r i n e  s o l u t i o n ,  d r i e d  (Na2S04) and concen- 

t r a t e d .  P u r i f i c a t i o n  o f  t h e  p roduc t  by column chroma- 

tography on s i l i c a  ge l  ( e l u e n t  : c h l o r o f o r m  ) a f f o r d e d  

sernixanthomegnin ( 2 )  as a orange-red solid (0 .041 g, 

77%). R e c r y s t a l l i z a t i o n  f rom ch lo ro fo rm-acetone gave 

orange-red need les ;  m.p. 2 2 5 - 2 2 6 O C ,  ( L i t . '  m.p. 

2 2 6 O C ) .  TR (CHC13): 3 max 1730, 1 6 9 0 ,  1 6 7 2 ,  1620 and 

1600 crn-'. UV (CH30H):Xmax ( E  ) :  410 (4,8001, 286 

( 8 , 6 0 0 )  and 226 (29,500) nm. 'H-NMR:6 1 .52 (d ,  J = 6 . 5  

H z ,  3H), 2.99(m, 2 H ) ,  3.90 ( s ,  3H), 4.66 (rn, l H ) ,  6 . 1 5  

( s ,  l H ) ,  7.49 ( s ,  1H) and 13.20 ( s ,  1 H ) .  MS (m/e) :  288 

(M'). A n a l y s i s  c a l .  f o r  C15H1206 : C ,  62.50; H, 4 . 1 6 ;  

Found : C ,  6 2 . 4 1 ;  H ,  4.16%. 
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