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--The synthesis of (+)-hornodeoxoarternisinin, 3, was achieved from arternisinic 

acid, 4, in eight steps. 

Today, malaria infects up to 300 million people and kills up to 2 million each year.4 This shocking 

reality is due largely to the emergence of drug resistant strains of Plasmodium falciparum. 

Artemisinin (Qinghaosu, 1) isolated from Artemisia L. has recently been used in China as a new 

type of antimalarial drug with rapid action and low toxicity against chloroquine-resistant 

malaria.5~6 

The combination of a novel chemical structure, a law yield from natural sources and urgency to 

develop a more ideal drug with enhanced antimalarial activity prompted us to search for a synthesis 

of new artemisinin-related compounds. Recently, we reported synthesis o f  (c)-deaxoartemisinin 2, a 

new and mare active antimalarial agent devoid of the carbonyl function at C-12 while retaining the 

biologically active end~peroxide.~ Deaxaartemisinin, 2, shows several fold increased antimalarial 

activity + against chloroquine-resistant malaria as compared to a r t e m i ~ i n i n . ~  As nothing was 

known about the effect o f  size of ring D of artemisinin analogs on antimalarial activity, we elected 

to prepare the seven membered ring analog of deoxoartemisinin to evaluate the role o f  ring size for 

antimalarial activity. We report here a successful stereospecific conversion o f  artemisinic acid 4 
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Key :(a) UBH,. NiCI,, CH,OH, r.t., 1.5 h (b) DIBAL-H, CH,CI,, -78"C, 2 h (c) LAH, NICI,. 

(C2H,),0, r.t.. l h (d) PCC. CH2C12, r.t., 2 h (e) CH30CH2P+Ph3CI, PhLi. (C2H5)20. r.t.. 15 h 

(f)37% HCI, THF, r.t, 15 min (g) LAH, (C2H5),0, r.t., 10 min (h) 02, h", methylene blue. 

CH,CI,, -78-C, 2 h, then Dowex-resin (strongly acidic), hexane, r.t., 4 h. 
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i n t o  (+)-homodeoxoartemisinin 3. 

Since a r t e m i s i n i c  a c i d  4 ob ta ined  from A r t e m i s i a  annua L. i s  approximate ly  8 t o  10 t imes  more 

abundant than a r t e m i s i n i n ,  4 was chosen as a c h i r a l  s t a r t i n g  m a t e r i a l . 9  I n i t i a l  r e d u c t i o n  of 5 

(p repared  f rom 49) by LiBH, i n  t h e  presence o f  NiC1, i n  anhydrous methanol ( r . t . ,  1 .5  h )  gave 6 i n  

95% y i e l d ,  which was then exposed t o  a second r e d u c t i o n  (DIBAL-H, methylene c h l o r i d e ,  -78"C, 2 h) t o  

a f f o r d  t h e  d ihydroaldehydes,  7a and 7b, i n  a r a t i o  of 5 t o  1 ( y i e l d  67%) (Scheme 1 ) .  The (11R)- 

d iastereomer,  7a, was a l s o  prepared from Ea. Thus, one-step double r e d u c t i o n  o f  5 by LAH and NiC1, 

i n  anhydrous e t h y l  e t h e r ( r . t . , l  h )  a f f o r d e d  8a and 8 b  w i t h  l e s s  s t e r e o s e l e c t i v i t y  (8a :8b=Z: l )  i n  51% 

y i e l d .  A lcoho l  8a was separated f rom a l c o h o l  8b by column chromatography ( s i l i c a  g e l  f a r  t l c  

w i t h o u t  gypsum). O x i d a t i o n  o f  8a by PCC i n  anhydrous methylene c h l o r i d e  ( r . t . ,  2 h )  gave ( 1 l R ) -  

d ihydroar temaldehyde 7a i n  90% y i e l d .  Subsequent W i t t i g  hamologat ion o f  7a by methoxymethyl- 

t r iphenylphosphonium c h l o r i d e  a?d p h e n y l l i t h i u m  i n  anhydrous e t h e r  ( r . t . , 1 5  h )  a f f o r d e d  the  v i n y l  

methyl  e t h e r  9 i n  90% y i e l d  ( c i s / t r a n s = 2 / 1 ) .  No e p i m e r i z a t i o n  a t  C- l1 had occur red  d u r i n g  t h i s  

homologat ion.  Treatment o f  t h e  c i s l t r a n s  m i x t u r e  9 w i t h  a few drops o f  37% HC1 (THF, r . t . ,  15 min) 

c l e a n l y  gave t h e  homoaldehyde 10 i n  70% y i e l d .  F u r t h e r  r e d u c t i o n  o f  10  i n t o  homoalcohol 11 was 

achieved by LAH i n  anhydrous e t h y l  e t h e r  ( r . t . , l O  m i n )  (90% y i e l d ) .  S t e r e o s p e c i f i c  p h o t o x i d a t i v e  

c y c l i z a t i o n  (oxygen, methylene b l u e  and i r r a d i a t i o n  i n  methylene c h l o r i d e  a t  -78" f o r  2 h )  of 11, 

f o l l o w e d  by fi t rea tment  w i t h  Dowex-resin ( s t r o n g l y  a c i d i c )  a f f o r d e d  (+)-homodeaxoartemisinin 

31° (21% y i e l d )  i n  one s tep  and o f  n a t u r a l  c o n f i g ~ r a t i o n . ~ - ~  

The assignments o f  t h e  'H-nmr and "C-nmr s i g n a l s  were made on t h e  b a s i s  o f  20-COSY and HETCOR 

s p e c t r a  o f  (+)-hornodeoxoarternisinin 3. The r e l a t i v e  c o n f i g u r a t i o n  a t  the  new c h i r a l  c e n t e r s ,  C-4, 

5, 6 and 11 o f  3 was unambiguously determined b y  u t i l i z a t i o n  o f  t h e  two d imensional  nOe ( N O E S Y ) ~ ~  

technique.  The NOESY spectrum ( F i g u r e  1) showed i n t e r a c t i o n s  between 5-H ( l 5 . 1 1 ,  S ) ,  t h e  10-Hg 

(51.42, m) and one o f  t h e  8-H p ro tons  (S1.29, m) and one o f  t h e  13-H p ro tons  (63.52, m), 

demonstrat ing t h a t  t h e  5-H i s  g. No nOe enhancement was observed between 5-H and t h e  7-Ha ($1.24, m) 

and between 5-H and 11-H (62.82, m ) ,  e s t a b l i s h i n g  t h a t  t h e  11-H i s  a. The s t r o n g  d e s h i e l d i n g  o f  t h e  

3-Ha observed (S2.35, m) compared t o  t h e  3-HB ($1.98, m)  suppor ts  an assignment o f  t h e  

s te reochemis t ry  o f  C-4 and c-611b as dep ic ted  i n  3. 

(+)-Hornodeoxoarternisinin 3 i s  found t o  show approx imate ly  20 t imes  l e s s  U a n t i m a l a r i a l  

a c t i v i t y  compared t o  a r t e m i s i n i n  1 a g a i n s t  c h l o r o q u i n e - r e s i s t a n t  m a l a r i a .  Enlargement of t h e  D-r ing 

which would a l l o w  g r e a t e r  f l e x i b i l i t y  o f  t h e  o v e r a l l  r i n g  system i n c l u d i n g  t h e  b i o l o g i c a l l y  a c t i v e  

endoperoxide decreases s i g n i f i c a n t l y  t h e  h U a n t i m a l a r i a l  a c t i v i t y .  The inc reased  f l e x i b i l i t y  

of t h e  p a l y c y c l i c  s t r u c t u r e  may l e a d  t o  poore r  r e c e p t o r  f i t o r  more p robab ly  decreased r e a c t i v i t y  o f  

t h e  endoperoxide. 

I n  conc lus ion ,  (+)-homodeoxoartemisinin 3, a novel  a n t i m a l a r i a l  agent, was syn thes ized  i n  e i g h t  

s teps  ( o v e r a l l  y i e l d ,  7.6%) f rom a r t e m i s i n i c  a c i d .  



( F igure  I ) NOESY Spectra of (+)-Hornodeoxoarternisinin 3 
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