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Abst rac t -  Qinghaosu ( 1 )  is  known t o  g i v e  a p l e t h o r a  of products  i n  - 
a l k a l i n e  media. This p a p e r  is concerned wi th  t he  amended s te reochemis-  
t r y  of p roduc t s  2, 9 and 2 ,  w i t h  a t t e n d a n t  mechanis t ic  i m p l i c a t i o n s .  - - - 
Lac ton iza t ion  of 5 i s  a l s o  d i scus sed .  - - 

This Paper  r e p o r t s  some new r e s u l t s  on the  chemis t ry  of  t he  pe rox id i c  an t imala-  
1 r i a l ,  qinghaosu ( a l s o  known as a r t e a n n u i n ,  9 . I n  a d d i t i o n ,  t h e  s t e r eochemis t ry  

1 of some of t he  t r ans fo rma t ion  p roduc t s  r epo r t ed  e a r l i e r  became s u s p e c t  i n  t he  

course  of time and had t o  be amended ( 2  and 5 i n  t h i s  pape r ,  by o t h e r  a u t h o r s 2 ) .  - - 
I n  a l k a l i n e  media ( K  CO o r  NaOH) qinghaosu (2) s u f f e r s  l a c t o n i c  r i n g  opening 

2 3 
w i t h  Simultaneous unlocking  of a l l  t h e  l a t e n t  f u n c t i o n a l i t i e s  t o  g i v e  q, a s  shown 

i n  t h e  Scheme. Subsequent  condensa t ion  of  t h e  a ldehyd ic  group on to  t he  a c t i v e  

methylene g i v e s  g w h i c h  i n  t u r n  by i n t e r n a l  Michael- type r e a c t i o n  g i v e s  2, a key 

in t e rmed ia t e  w i t h  a d ioxe t ane  r i n g .  Rupture of t h e  d ioxetane  r i n g  ( p a t h  b )  i s  
the  major rou te  i n  aqueous s o l u t i o n  ( c o n t a i n i n g  20% methanol f o r  s o l u b i l i t y  

reasons  1 w i th  a n  opt imized  conve r s ion  of b e t t e r  t han  8846, a f a c t  t h a t  has  been 
1 e x p l o i t e d  f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  of qinghaosu . Here t h e  s t e r eochemis t ry  

of t he  product  (2) a t  C-6 has t o  be amended a s  shown. me proposed i n v e r s i o n  of 
t h i s  c e n t e r  occu> only  under  s l i g h t l y  more d r a s t i c  c o n d i t i o n s  (5% NaOH under 

r e f l u x i ,  f u r n i s h i n g g .  A s y n t h e t i c  specimen (a3 w i t h  r e t e n t i o n  a t  C-6 w a s  found 

t o  be d i s t i n c t l y  d i f f e r e n t  from 6 - by d i r e c t  c o ~ p a r i s o n  ( e . g . ,  Rf v a l u e s ) .  

When the  mixed s o l v e n t  becomes much r i c h e r  i n  a l c o h o l  (MeOH o r  EtOH), t he  y i e l d  
of 5 drops  s h a r p l y ,  g i v i n g  way t o  t h e  format ion  o f 4 ,  among o t h e r s .  Ev iden t ly  - 

has i t s  g e n e s i s  from v i a  a n  i n t e r n a l  a t t a c k  of t he  pe rox id i c  l i nkage  by the  - 
e n o l a t e  an ion  ( p a t h  a ) .  This an ion  is probably  b e t t e r  s o l v a t e d  i n  aqueous media 

and hence l e s s  a g g r e s s i v e .  Note t h e  non- invers ion  at  C-5 of compound L, which 
1 w a s  p r ev ious ly  wrongly a s s igned  a s  2 (w i th  i n v e r s i o n  a t  C - 5 )  . AS p rev ious ly  

proposed1, t h e  format ion  of 2 r e q u i r e s  a n  i n t e r m o l e c u l a r  r e a c t i o n  b e t w e e n 2  and 
hydrogen pepoxide. Now we d i d  d e t e c t  a  ve ry  s m a l l  amount of  2 i n  t h e  r e a c t i o n .  

mixture .  (The c o n f i g u r a t i o n  a t  C - 5  f o l l ows  from t h a t  o f a ) .  Free  hydrogen per -  

oxide was a l s o  d e t e c t e d  by s e v e r a l  independent exper iments ,  i nc lud ing  po la rog ra -  

phy. However, compound awas n o t  p r e s e n t  i n  d e t e c t a b l e  amounts and w a s  t o  be - 
ob ta ined  from a n  unexpected source  ( v i d e  i n f r a ) .  

*Dedicated t o  P r o f e s s o r  D . H . R .  Bar ton  on the  occas ion  of h i s  70 th  b i r t h d a y .  



Scheme 1 .  Transfornations of qinghaosu ( 1 ) .  Structures labeled with cap i ta l  
= 

l e t t e r s  are proposed intermediates.  Compounds labeled with a s t e r i s k s  have been 
analyzed by X-ray dif fract ion (* previously; ** t h i s  work). 

H +  R=COCH, , R.-H (111) 5 - 
=a 

b ,  R -CHO I R'- CH, 
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4 C a t a l y t i c  hydrogenation of qinghaosu (1) gives  deaxyqinghaosu (5) . Quite unex- - 
pectedly ,  the product (2) has suffered an invers ion  a t  C - 5  (Reaction 11) .  This - 
is  a t t r i b u t a b l e  t o  the  in te rven t ion  of E, an i n t e r n a l  Michael-type adduct,  the - 
epoxide of which is  vulnerable t o  a  back-side a t t a c k  by the  carboxylate anion 

( i n c i d e n t l y ,  f u r t h e r  treatment of wi th  H202 gives  24, which was f u l l y  charact-  - 
er ized  by X-ray d i f f r a c t i o n ) .  We d i d  a l s o  i s o l a t e  another  minor isomer z w i t h  

i n t a c t  C - 5  s tereochemist ry .  NOE evidence is  only compatible wi th  C-5d and C-134 

conf igura t ions ,  confirmed by X-ray d i f f r a c t i o n .  The invers ion  a t  C-13 can he 

r a t i o n a l i z e d  by the  need of r e l e a s i n g  s t e r i c  congestion. The C-13 methyl group 

o f &  - is a l s o  s u b j e c t  t o  severe  s t e r i c  congestion, y e t  somehow i t  managed t o  pre- 

serve stereochemical i n t e g r i t y  under apparent ly  s i m i l a r  condi t ions .  

The hydroxy-acid ( 5 )  can be lactonized by s to rage  i n  a c i d i c  media. Since t h e  = 
hydroxy group of 5 is p a r t  of a  hemi-ketal, r evers ion  t o  the  keto-form s e t s  f r e e  - 
the b iden ta te  6 -d ica rbonyl  system, thus  o f f e r i n g  two choices of re-c losure  i n  

add i t ion  t o  the  two epimeric a l t e r n a t i v e s  a t  C - 5 .  Altogether the re  a r e  four  i s o -  

meric products upon l a c t o n i z a t i o n  wi th  the 1_0a and U b  p a i r  predominating. The - - 
C-5 epimers can be e a s i l y  separa ted ,  bu t  each epimer s t i l l  contains  a  reg io i so -  

1 meric p a i r  ( g a  and g b ;  u a  and lJb; a:bJ & : I ) ,  a s  evidenced by H and 13c nmr. - - - 
C - 5  conf igura t iona l  homogeneity i n  the  two i s o l a t e s ,  a s ide  from t h e  coincident  

Rf values wi th in  each regio-isomeric p a i r ,  is s t rong ly  supported by smooth pseudo 

f i r s t - o r d e r  k i n e t i c s .  The g a  and g b  p a i r  i s  f a s t e r  than the 1_1 p a i r  by a  - - - 
f a c t o r  of 2  (monitored by the development of the  enolate  absorpt ion a t  292 nm 
with d i l .  NaOH i n  l a rge  excess) .  

The aldehydic form (E. 20%) of 5 i s  a l s o  detected i n  so lu t ion .  - 
EXPERIMENTAL 

M.p.s a re  uncorrected. Opt ical  r o t a t i o n s  were measured with  Perkin-Elmer 241 

Polar imeter .  Uv s p e c t r a  were recorded with  a  Shimadzu UV-240 spectrophotometer. 

N m r  s p e c t r a  were recorded i n  C D C l  w i th  a  JEOL FX-90~ spectrometer.  M s  were 3 
recorded with  a VG ZAB-ZF spectrometer i n  the E I  mode. X-Ray s i n g l e  c r y s t a l  ana- 
l y s e s  were performed on a  Nicolet  R ~ M / E  d i f f rac tomete r ,  using SHELXTL program 

4 
f o r  the  d i r e c t  method. The absolute  conf igurat ion o f 1  has been es tab l i shed  . 
from which follow a l l  the  o t h e r  conf igurat ional  representat ions .  

The i s o l a t i o n  and s p e c t r a l  d a t a  o f 2  (from Reaction 11). k, 5, 5 and 2 have been - - - - 
f u l l y  described p rev ious ly l s4 .  

I d e n t i f i c a t i o n  of 2 i n  the  r e a c t i o n  mixture (Reaction I ) .  With an au then t ic  - 
sample o f g  (from Reaction 11)  a t  hand, i t  became convenient t o  d e t e c t 2  from 

4 the K2C03 treatment of qinghaasu (I) i n  aqueous methanol. I t  was found t o  Occur 
- 4 a s  a  "contaminant" of 4. Epoxidation gave a w h i o h  can be e a s i l y  separate& - 

(Estimated y i e l d .  Under 5%). 
I s o l a t i o n  and c h a r a c t e r i z a t i o n  of 9 - 
The mother l iquor4  of 2 (Reaction 11, 28% y i e l d ) ,  by repeated preparat ive  tic - 
( s i l i c a ,  1:l BuOAC- p e t .  e t h e r )  afforded 2 i n  0.8% y i e l d .  Mp. 151.5-152.5°~, 

(d]A5 -179' ( c ,  0.1, c ~ c l ~ ) .  MS m/z 248 ( M+).  Uv (95% EtOH) 229m (13000). 

Ir (KBr), 3070, 1767, 1667 cm-l. 'H N m r ,  $1.05 (3H, d, 5=7 .2) .  1.27 (3H, d. 



Ja 7 . 2 ) .  2.25 ( 3 ~ .  z ) ,  2.40 (lH, d ,  J-16.8 H z ,  l d - H ) ,  2.54 ( lH,  ouint. J.7.2). 

2.84 ( lH ,  s, 3-16.8, 5.13, 2.92, lp-H), 6.71 ( lH,  s ,  4-H). NOE (4-H): 2.25 
( 2 . 4 % ) ,  2.54 (8% 1. 
I s o l a t i o n  of 10 and 11. 

Qinghaosu (2 . iLg)  in9546 EtOH (100 m l )  was mixed wi th  0.2% aqueous NaOH (400 m l )  
1 and allowed t o  r e a c t  a t  5 0 ' ~  f o r  2.5 h. The usual  work-up gave 2. S i l i c a  g e l  

chromatography of the  mother l i q u o r  gave 10 (290 mg) and 11 (92 mg). - 
Compound 10: Mp. l 0 0 . 5 - 1 0 2 . 5 ~ ~ ,  @Jg5 + 1 3 2 O  ( c ,  0.5,  C H C l , ) .  M s  m/z 264 ( M + ) .  

Uv (95% EEH 1,  244 nm (10.000).  Ir ( f i l m ) ,  3090, 1790, 1060, 1627 cm-l. 

'H N m r ,  6 1.03 (3H, d ,  J'7.2 ) ,  1.20 (3H, d, J.7.2 ) ,  2.26 (3H, 3.38 ( l H ,  
quint, 5.7.2 ) ,  7.44 (0.8H, d, 5-0.5 ) ,  10.00 (0.2H. 5). 13c Nmr, 6 8.7 (a),  
19.8  ( t ) ,  24.8 ( q ) ,  25.0 ( 4 ) .  32.2 (2)- 32.7 (41, 38.7 (d ) ,  42.5 (61 ,  43.4 (51, 
105.3 ( g ) ,  152.3 ( d ) ,  178.0 (21, 195.9 (51,  119.5 ( 5 ) .  

Compound 2. Mp. 114-117°~,  Ms, m/z 264 ( M ~ ) .  Uv (95% EtOH ) ,  250 nm (13200). 

Ir (KBr).?090. 1795. 1658, 1635 cm-l. 'H Nmr, d 1.03 (3H, d,  J-7.2 1. 1.18 

(3H, c ,  517.2 ) ,  2.28 (3H, s ) ,  3.32 ( lH,  quint, 5.7.2 ) ,  7.54 (0.8H, b r  5 ) .  
10.00 (0.2H, s ) .  13c Nmr, d8 .8  ( q ) ,  15.9 ($ ) ,  18 .1  (a) ,  24.8 (q), 25.9 (2). 
30.2 ( d ) ,  36.0 ( c ) ,  38.6 ( d l ,  40.4 ( d ) ,  108.3 (s), 152.8 ( d l ,  177.8 (s), 195.7 

51,  40.6 ( d ) ,  116.2 ( 5 ) .  a long wi th  a small peak a t  188.4 ( d ) .  - 
Compound 10 and 2 were i n t e r c o n v e r t i b l e  upon s to rage  i n  chloroform s o l u t i o n .  

X-Ray d i f f r a c t i o n  a n a l y s i s  showed 2,  2 and 9 t o  belong t o  the  space group PZ1Zl - - 
Z1, wi th  4 molecules pe r  u n i t  c e l l .  Mob T e  ,< 2 j 0 )  was used f o r  2 ,  c e l l  dimen- - 
s ions  5.496 ( 4 ) ,  12.633 ( 3 )  and 20.768 ( 7 )  1, 997 observable r e f l e c t i o n s  out  

of 1163, R= 0.0585. C u k  ( 0 6 5 7 ~ )  was used f o r  both - 5 and - 2. For 5 ,  c e l l  d i -  

mensions 6.922 ( 1 ) .  12.122 ( 1 )  and 17.543 ( 3 )  i. 1097 observable &f lec t ionS  

out  of 1174, R= 0.0391. For 2, c e l l  dimensions 8.575 ( 5 ) ,  10.398 ( 5 )  and 15. - 
404 ( 7 )  1003 observable r e f l e c t i o n s  out  of 1098. R= 0.0490. Bond l eng ths  

and bond angles  a r e  a l l  w i t h i n  normal ranges. 
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