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A b s t r a c t  - The  V i l s m e i e r  r e a c t i o n  was  u t i l i z e d  f o r  t h e  
introduction of C-II into iridoid glucosides. Aucubin 
hexaacetate (3a), 6,10-dideoxy aucubin tetraacetate (6a) 
a n d  S ( S ) - 6 , 1 0 - d i d e o x y - 7 , S - d i h y d r o  a u c u b i n  t e t r a a c e t a t e  
( T a )  w e r e  u s e d  a s  s u b s t r a t e s  f o r  t h e  r e a c t i o n .  6 a  a n d  7 a  
w e r e  p r e p a r e d  by  c a t a l y t i c  t r a n s f e r  h y d r o g e n a t i o n  o f  3 a  
w i t h  f o r m i c  a c i d  a n d  P d / C .  The Y l l s m e i e r  r e a c t i o n  c o n d i -  
t i o n s  w e r e  o p t i m i z e d  w i t h  r e g a r d  t o  t h e  e c o n o m i c  u s e  o f  
[ 1 3 C I t O ] - D ~ F  i n  t h e  s y n t h e s i s  o f  [ l l - t 3 C ] - i r i d o t r i a l g l u c o  - 
s i d e  ( 9 ) ~  R e m a r k a b l y ,  5 % o f  t h e  l a b e l  i n  t h e  p r o d u c t  
t u r n e d  o u t  t o  be  s i t u a t e d  a t  C - 3 .  

INTRODUCTION. 

The  b i o s y n t h e s i s  o£ i r i d o i d  g l u c o s i d e s  h a s  b e e n  s t u d i e d  i n  some 

d e t a i l  1 ' 2  by  f e e d i n g  e x p e r i m e n t s  w i t h  l a b e l l e d  p r e c u r s o r s .  A p r o b l e m  o f  m a j o r  

i n t e r e s t  h a s  b e e n  t h e  r a n d o m i z a t i o n  o f  C-3  a n d  C-11  w h i c h  t a k e s  p l a c e  d u r i n g  

t h e  b i o s y n t h e s i s  o f  many i r i d o i d s .  I t  h a s  b e e n  s u g g e s t e d  3 t h a t  r a n d o m i z a t i o n  

c o u l d  t a k e  p l a c e  t h r o u g h  a n  i n t e r m e d i a t e  s u c h  a s  i r i d o t r i a l  ( I ) .  
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Irldold glucosides 

I n o u y e  e t  a ~ .  3 h a v e  u s e d  t 3 C - l a b e l e d  a c y c l i c  m o n o t e r p e n e s ,  s u c h  a s  

[ 9 - t 3 C ] - l O - h y d r o x y g e r a n i o l  2 ,  i n  t h e  s t u d y  o f  b i o s y n t h e s i s  i n v o l v i n g  r a n d o m -  

i z a t i o n  o f  C-3  a n d  C - 1 1 .  T h i s  p a p e r  d e s c r i b e s  a s y n t h e s i s  o f  [ l l - ~ C ]  - 

l a b e l l e d  i r i d o i d s  w i t h  a n  i n t a c t  i r i d o i d  s k e l e t o n  f o r  s i m i l a r  a p p l i c a t i o n s .  
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R E S U L T S  AND D I S C U S S I O N .  

I r i d o i d s  l a c k i n g  C - 1 1 ,  s u c h  a s  a u c u b i n  ( 3 )  a r e  r e a d i l y  a v a i l a b l e  i n  u s e -  

f u l  a m o u n t s  f r o m  m a n y  p l a n t  s o u r c e s .  T h e  4 - p o s i t i o n  i n  t h e s e  i r i d o i d s  i s  a c -  

t i v a t e d  t o w a r d  e l e c t r o p h i l i c  a t t a c k  a n d  t h u s  t h e  s y n t h e s i s  o f  a n  l l - i a C - i r i  - 

d o i d  u s i n g  s u c h  a n  i r i d o i d  a s  a s u b s t r a t e  a n d  a ' 3 C - l a b e l l e d  o n e - c a r b o n  e l e c -  

t r o p h i l e  m i g h t  b e  a p o s s i b i l i t y .  T h e  V i l s m e i e r  r e a c t i o n ,  a n  a l d e h y d e  s y n t h e -  

s i s  e m p l o y i n g  a n  e l e c t r o p h i l i c  f o r m y l a t i n g  a g e n t  d e r i v e d  f r o m  f o r m a m i d e  a n d  

p h o s p h o r o u s  o x y c h l o r i d e ,  a p p e a r e d  a r e a s o n a b l e  c h o i c e .  Y i l s m e i e r  f o r m y l a t i o n s  

a r e  c o m m o n l y  p e r f o r m e d  w i t h  a c t i v a t e d  a r o m a t i c  s u b s t r a t e s  ( p h e n o l s ,  a n i s o l s  

e t c . )  b u t  a l s o  l e s s  a c t i v a t e d  s u b s t r a t e s  s u c h  a s  l i m o n e n e ,  4 s t e r o i d  e n o l  

e t h e r s  s a n d  d i h y d r o p y r a n e  c a n  b e  f o r m y l a t e d  ( t h u s  a 7 0  X y i e l d  h a s  b e e n  r e -  

p o r t e d  6 f o r  t h e  l a t t e r ) .  T h e  p r e s e n c e  o f  a d i h y d r o p y r a n e  m o i e t y  i n  i r i d o i d s  

o f  t h e  a u c u b i n  t y p e  s u g g e s t s  t h a t  t h e s e  c o m p u n d s  t o o  m i g h t  b e  e f f e c t i v e  s u b -  

s t r a t e s  i n  a V i l s m e i e r  f o r m y l a t i o n .  A s  3 c a n  b e  i s o l a t e d  i n  l a r g e  a m o u n t s  

f r o m  A u a u b a  j a p o n t c a  ( 2 , 5  % o f  t h e  f r e s h  w e i g h t ) ,  3 a  w a s  c h o s e n  a s  s u b s t r a t e  

i n  o u r  f i r s t  e x p e r i m e n t s .  

do 
(CH3)2N-C + POCt3 " L(CH3)2N=CHC[JOPOC[2 

\ 
H 

DMF 

AcO '---f Cl 2) OH- 
OAc RO Ac 4 AcO / OGIcAc 4 

4a 3 a  ~ ) 5 a  

*)Postscript "a" in compound numbers means the fully acetylated derivative. 

Employing the reaction conditions reported for the formylation o£ di- 

hydropyrane, we obtained 5a in a yield of only 14 Z (Table 1, entry 1), de- 

spite a large excess of the Vilsmeier reagent. The reaction mixture contained 

not only unconverted 3a (60 %), but also a-D-glucopyranosyl chloride tetra- 

acetate (4a) (15Z), indicating that extensive cleavage of the glycosidic bond 

had taken place during the reaction. Since the major purpose of investigating 

the reaction was the possibility of introducing a 13C label into the iridoids 

by means of DMF, the utilized part of the DMF was of particular interest. In 

the first experiments this utilization amounted to an unacceptable 0.2 Z. A 

p o s s i b l e  e x p l a n a t i o n  m i g h t  b e  t h a t  t h e  s o l v e n t  ( 1 , 1 , 2 - t r i c h l o r o - e t h y l e n e )  

g a v e  r i s e  t o  a t w o - p h a s e d  r e a c t i o n  m i x t u r e .  T h u s  a n  e x p e r i m e n t  u s i n g  n o  s o l -  

v e n t  ( e n t r y  4 )  i m p r o v e d  t h e  y i e l d  o f  5 a  r a t h e r  d r a s t i c a l l y .  H o w e v e r ,  a s  DMF 

w a s  u s e d  i n  l a r g e  e x c e s s ,  t h e  u t i l i z e d  p a r t  w a s  s t i l l  a s  l o w  a s  2 . 1 X .  U n f o r -  

t u n a t e l y  i t  s e e m e d  i m p o s s i b l e  t o  r e d u c e  t h e  a m o u n t  o f  DMF u n d e r  t h e s e  c o n d i -  

t i o n s ,  a s  e v e n  t h e  l a r g e  e x c e s s  o f  DMF w h i c h  h a d  b e e n  u s e d  w a s  u n a b l e  t o  d i s -  

s o l v e  t h e  s u b s t r a t e  c o m p l e t e l y ,  u n d e r l i n i n g  t h e  d e m a n d  f o r  a s u i t a b l e  s o l -  

vent. Two experiments were performed in other solvents without succes 
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T a b l e  1 .  O p t i m i z a t i o n  o f  t h e  s y n t h e s i s  o f  S a .  

entry 3a DMF POCI3 Solvent Temp time Yields Utilized DMF 

(mmol) (mmol) (mmol) (ml) (°C) (h) 5a,% 4a,~ (%) 

1 0 . 1 7  

2 0 . 1 7  

3 0 . 1 7  

4 0 . 1 7  

5 0 . 1 7  

6 0 . 1 7  

7 0 . 1 7  

8 2 . 3 4  

9 2 . 6 7  

13.0 

13.0 

3.3 

3.3 

3 . 3  

3 . 3  

3 . 3  

3 . 2 5  2 . 7 5  C H 2 C I  2 

5 2  2 6  C H 2 C 1 2  

6 . 6  TCE w)  7 8 8  2 1 4  1 5  ww) 0 . 2  

6 . 6  TCE 7 6 0  9 6  1 5  3 8  ~ )  0 . 3  

1 . 6 5  TCE 3 . 5  6 0  2 4  < 5  - - 

1 . 6 5  - - 5 0  1 6  4 0  1 5  2 . 1  

1 . 6 5  NO2CH~ 1 5 0  1 6  5 5 0 . 3  

1 . 6 5  D N E U ~ )  1 5 0  1 6  - 1 0  - 

1 . 6 5  C H 2 C 1 2  2 . 5  4 0  1 9 x 2 4  6 0  2 0  3 . 1  

4 4 2  6 0  2 1  5 1 5  

8 4 2  7 2  6 3  - ~ )  3 . 2  

~ )  TCE = 1 , 1 , 2 - t r i c h l o r o - e t h y l e n e .  

~ )  I s o l a t e d  y i e l d .  O t h e r  y i e l d s  w e r e  e s t i m a t e d  b y  NMR; e . g .  i n  e n t r y  1 ,  t h e  

a m o u n t  o f  4 a  w a s  d e t e r m i n e d  o n l y  b y  NMR, i n  e n t r y  9 i t  w a s  n o t  d e t e r -  

m i n e d  a t  a l l .  

~ )  DMEU, 1 , 3 - D i m e t h y l - 2 - i m i d a z o l i d i n o n e ,  a d i p o l a r  a p r o t i c  s o l v e n t  ( M e r c k ) .  

(entry 5 and 6). Finally an experiment performed in dichloromethane provided 

the desired one-phased reaction mixture and an acceptable yield (entry 7). In 

order to suppress the formation of 4a, which presumably was produced by 

attack of hydrogen chloride formed in the reaction, a 4 ~ molecular sieve was 

added to the reaction mixture as a scavenger of HCI. In a second experiment 

with the same solvent, the amount of Vilsmeier reagent was reduced to an 

a l m o s t  e q u i m o l a r  a m o u n t  o f  t h e  s u b s t r a t e  ( e n t r y  S ) .  I n  o r d e r  t o  a v o i d  

( p a r t i a l )  s a p o n i f i c a t i o n  o f  t h e  p r o d u c t ,  a s a t u r a t e d  s o l u t i o n  o f  N a H C 0 3  w a s  

u s e d  f o r  t h e  w o r k - u p  i n s t e a d  o f  N a O H .  T h e  y i e l d  o f  S a  w a s  a m o d e r a t e  2 1  4 ,  

b u t  o n  t h e  o t h e r  h a n d  t h e  u t i l i z e d  p a r t  o f  t h e  DMF t h i s  t i m e  a m o u n t e d  t o  1 5  

%. A f i n a l  e x p e r i m e n t  w a s  r u n  i n  o r d e r  t o  o p t i m i z e  t h e  y i e l d  o f  5 a ,  u s i n g  a 

l a r g e  e x c e s s  o f  t h e  V i l s m e i e r  r e a g e n t  a n d  t h e  i m p r o v e d  e x p e r i m e n t a l  

c o n d i t i o n s  ( e n t r y  9 ) .  T h e  p r o g r e s s  o f  t h e  r e a c t i o n  w a s  m o n i t o r e d  b y  w o r k i n g  

u p  s m a l l  s a m p l e s  w h i c h  w e r e  a n a l y s e d  b y  T L C .  A f t e r  3 d a y s ,  w o r k  u p  o f  t h e  

r e a c t i o n  m i x t u r e  g a v e  5 a  i n  a y i e l d  o f  6 3  %. 

I n  o r d e r  t o  t e s t  o t h e r  i r i d o i d  s u b s t r a t e s  i n  t h e  V i l s m e i e r  r e a c t i o n ,  we 

s y n t h e s i z e d  t h e  t w o  a u e u b i n  d e r i v a t i v e s  6 a  a n d  7 a .  T h e  s y n t h e s i s  w a s  i n i t i a l -  

l y  p l a n n e d  i n  a n a l o g y  w i t h  t h a t  r e p o r t e d  f o r  d e o x y l o g a n i n .  7 T h u s  3 o r  3 a  b y  

h y d r o g e n o l y s i s  w o u l d  g i v e  r i s e  t o  6 , 1 0 - d i d e o x y a u c u b i n  t e t r a a c e t a t e  ( 6 a ) .  

S t e r e o s p e c i f i c  h y d r o g e n a t i o n  o f  t h e  l a t t e r  c o u l d  y i e l d  8 ( S ) - 6 , 1 0 - d i d e o x y -  

7 , S - d i h y d r o a u c u b i n  t e t r a a c e t a t e  ( 7 a ) .  W i t h  r e g a r d  t o  t h e  f i r s t  s t e p ,  B i r c h  

r e d u c t i o n  o f  3 a  h a s  b e e n  r e p o r t e d  t o  g i v e  6 a  i n  m o d e r a t e  y i e l d .  8 F o r m i c  a c i d -  

p a l l a d i u m  o n  c a r b o n  h a s  i n  o u r  h a n d s  p r o v e d  t o  b e  a u s e f u l  s y s t e m  f o r  c a t a -  

l y t i c  t r a n s f e r  h y d r o g e n a t i o n  o f  a l l y l i c  a c e t o x y  9 g r o u p s  a n d  w e  t e s t e d  t h i s  i n  

t h e  p r e s e n t  c a s e .  T h u s  t r e a t m e n t  o f  3 a  w i t h  2 m o l e s  o f  f o r m i c  a c i d  i n  d i o x a n e  

w i t h  p a l l a d i u m  o n  c a r b o n  a s  t h e  c a t a l y s t  g a v e  r i s e  t o  a 3 3  % y i e l d  o f  6 a ,  

a f t e r  c h r o m a t o g r a p h y .  H o w e v e r ,  u s i n g  t h r e e  m o l e s  o f  f o r m i c  a c i d ,  a 4 6  % y i e l d  

o f  7 a  w a s  o b t a i n e d  b y  s i m p l e  e r y s t a l l i s a t i o n  o £  t h e  m i x t u r e  o f  r e a c t i o n  p r o -  

d u c t s .  F u r t h e r m o r e ,  n o n e  o f  t h e  e x p e c t e d  S ( R ) - 7 a  c o u l d  b e  d e t e c t e d  i n  t h e  

p r o d u c t .  R e d u c t i o n  o f  d o u b l e  b o n d s  u n d e r  s i m i l a r  c o n d i t i o n s  h a v e  s o m e  p r e e e d -  
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ence. I° 
The  r e a c t i o n  c o n d i t i o n s  u s e d  i n  T a b l e  1,  e n t r y  9, a b o v e  w a s  a p p l i e d  t o  

6 a ,  w h i c h  p r o v e d  t o  b e  a m u c h  b e t t e r  s u b s t r a t e ,  a s  8 a  w a s  o b t a i n e d  i n  a y i e l d  

of 89 % after only 24h. This might be explained by the absence in 6a of the 

6-acetoxyl group, which could cause sterlc hindrance. The reaction conditions 

developed in order to optimize the utilization of DMF (table 1, entry S) were 

applied to 7a with some additional modifications. Thus the excess of DMF was 

AcO 

Ac O ~ O G ~ c  Ac4 
3a. 

CHO 

OGlcAc 4 OGIcAc 4 
HCOOH 6a 8a. 
Pd/C 

CHO 

3 eq "- < ~ 0  " ~ 0  
OGIcAcz, OGIcAc,~ 

7a 9~t 

further reduced, and the reaction time was optimized to 48 h (by working up 

small samples every 4 h, and analysing by NMR). Here 9a was obtained in a 

yield of 26 Z, but the utilization of DMF amounted to 27 Z. This synthesis 

was repeated with 13C-carbonyl DNF, giving [11-t3c]-ga in a similar yield. 

Though the yield of labelled 9a was as expected, it was observed by both IH 

and 13C NMR spectra of the product that about 5 Z of the labeling in the mol- 

ecule was situated at C-3. We have not been able to provide a satisfactory 

explanation for this, since C-3 and C-11 at no stage during the reaction will 

become equivalent, according to the mechanism proposed. ~I 

Iridoids carrying an 11-13CH0 group are very useful for the preparation o£ 

other labelled iridoids for use in biosynthetic experiments, as the aldehyde 

functionality can easily be either reduced or oxidized. 

EXPERIMENTAL. 

General: Melting points are corrected. NMR spectra were recorded on Bruker 
AM-500, HX-90 or WH-90 Instruments. TMS was used as internal standard in 
CDCIo and HDO (8 4,8) in D20. HPLC was performed on Merck Fertigseulen size B 
and C (reversed phase), and flash chromatography on Si-gel (Merck, Kieselgel 
60, 40-63 ~). Microanalyses were performed by Novo Microanalytical Laborato- 
ry. Acetylations were done with excess acetic anhydride in pyridine using 
4-{dimethylamino)-pyridine as catalyst. Solvents and reagents used in the 
V i l s m e i e r  r e a c t i o n s  w e r e  f r e s h l y  d e s t i l l e d .  D i m e t h y l  f o r m a m i d e  (DMF) a n d  
CH2C12 w e r e  d r i e d  o v e r  4 ~ m o l e c u l a r  s i e v e .  The  g l a s s  e q u i p m e n t  w a s  d r i e d  a t  
120 °C a n d  t h e  s t a r t i n g  m a t e r i a l  a t  60  °C f o r  24  h r .  The  15 ml s c r e w - c a p  v e s -  
s e l  w a s  s e a l e d  w i t h  a s e p t u m  m a d e  o f  o n e  l a y e r  o f  t e f l o n  f o i l  a n d  two  b u t y l  
r u b b e r  l a y e r s ,  s u p p o r t e d  b y  a m e t a l  d i s c  { w i t h  a c e n t r a l  h o l e  o f  1 . 0  mm) a n d  
closed with a 13 mm plastic screw cap ~z Aucubin (3) was obtained from 
A u c u b a  j a p o n i c a .  

G e n e r a l  p r o c e d u r e  ? o r  t h e  V i t s m e i e r  r e a c t i o n  { T a b l e  1 e n t r i e s  I - 7 ) .  
DMF a n d  POCI3 w e r e  m i x e d  i n  a b o u t  o n e  t h i r d  o f  t h e  s o l v e n t  u n d e r  N2 a t  0 °C 
i n  a 50  ml f l a s k  e q u i p p e d  w i t h  m a g n e t i c  s t i r r i n g  a n d  a r e f l u x  c o n d e n s e r  s e a l -  
ed  w i t h  a CaC12  d r y i n g  t u b e .  S t i r r i n g  w a s  c o n t i n u e d  f o r  1 h a t  r . t . ,  t h e n  a 
s o l u t i o n  o£ 3 a  ( 1 0 0  mg) i n  t h e  r e m a i n i n g  p a r t  o f  t h e  s o l v e n t  ( 1 - 3  m l )  was  
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added, and the mixture heated on an oil bath to the desired temperature. Work 
up: The reaction mixture was poured into a vigorously stirred mixture of 
CH2CI2 (20 ml) and a solution of Na2HPO 4 in water (20 ml). 1N NaOH was added 
dropwise to keep pH > 8. Stirring was continued for 1 h, then the phases were 
separated and the water phase extracted twice with CH2C12 (30 ml). The com- 
bined organic phases were washed with water (2x100 ml), dried with Na2S04 and 
reduced in vacuo. Analysis of the products formed (entry 2): Preparative TLC 
(Et20) on the mixture o£ products gave in decreasing order of mobility: 4a 
(25 mg, 38 ~); IH NMR (CDCI3, 90 MHz): 5 6.31 (d, J=3.5 Hz, H-l); 5.61 (t, 
J=9.5 Hz, H-3); 5.16 (t, J=9.0 Hz, H-4); 5.08 (dd. J=3.5 and 9.5 Hz, H-2); 
4.27 (m, H-5 and 6-CH2): 2.0-2.15 (4xOAc). 3a (20 my, 20 ~) and 5a (16 my, 15 
Z), NMR-spectrum as below. 

P r e p a r a t i o n  o f  5a { T a b l e  1 e n t r y  8). 
The procedure was the same as below, but with the parameters listed in Table 
1 entry 8. 

P r e p a r a t i o n  o f  5a  ( T a b l e  1 e n t r y  9 ) .  
DMF ( 4 . 0  ml ,  5 2 . 0  mmol) ,  CH2C12 (4 ml)  and  4 ~ m o l e c u l a r  s i e v e  ( 0 . 7  g)  were  
p l a c e d  u n d e r  d r y  Ar i n  t h e  15 ml s c r e w - c a p  w e s s e l .  The s o l u t i o n  was s t i r r e d  
f o r  l h ,  and  t h e n  c o o l e d  to  - 2 5  °C. Then POC13 ( 2 . 4  ml ,  2 6 . 0  mmol) was i n j e c t -  
ed and  t h e  s o l u t i o n  was s t i r r e d ,  w i t h o u t  c o o l i n g ,  a l l o w i n g  t h e  t e m p e r a t u r e  to  
r i s e  to  r . t .  when t h e  s t i r r i n g  was c o n t i n u e d  f o r  I h .  Then a s o l u t i o n  of  a u -  
c u b i n  h e x a a c e t a t e  ( 3 a )  ( 1 . 6 1  g ,  2 . 6 7  mmol) i n  CH2C12 ( 4 . 0  ml)  was i n j e c t e d .  
The p r e s s u r e  i n  t h e  v e s s e l  was r e d u c e d  to  a tm .  p r e s s u r e  u n d e r  Ar ,  and  i t  was 
h e a t e d  to  42 °C i n  an  a luminum b l o c k ,  s t i l l  w i t h  m a g n e t i c  s t i r r i n g ,  f o r  72 h.  
The reaction mixture was poured into a vlgorously stirred mixture o£ CH2C12 
(50 ml), satd. NaHC03 solution {50 ml) and solid NaHCO 3 (10 g). After 1 h the 
mixture was filtered through Celite. The product was extracted with CH2CI2 
(75 ml) washed with water (2x100 ml), dried over Na2SO 4 and reduced in vacuo. 
Flash chromatography (hexane/EtOAc, 1:1) gave (Sa) (1.05 g, 63 X). An analyt- 
ical sample was crystallised from EtOH, m.p. 165-9°C (dec.); [a]:°-85.0 ° 

(c=0.9, CHCI3); iH NMR (CDCIv, 500 MHz): 5 9.32 (s, H-11); 7.17 (d, J=0,7 Hz, 
H-3); 5.91 (t, J=1.6 Hz, H-7); 5.52 (m, H-6): 5.27 (d, J=5.2 Hz, H-l); 4.88 
(d, J=8.0 Hz, H-I'); 4.73 (m. IO-CH~); 3.26 (dd, J=2.5 and 8.5 Hz, H-9); 3.18 

; C NMR (CDCI3, 2 2 . 6  MHz): 5 1 8 9 . 5  ( d ,  J=175 Hz, (m, H - 5 ) ;  2 . 1 - 1 . 9 5  (6xOAc) 13 
C - 1 1 ) ;  1 7 0 . 5 ,  1 7 0 . 2 ,  1 7 0 . 1 .  1 6 9 . 3 ,  1 6 8 . 9  (C=O, a c e t a t e ) ;  1 6 0 . 5  ( d ,  J = 1 9 1 H z ,  
C - 3 ) :  1 4 2 . 5  ( s ,  C - 8 ) ;  1 2 9 . 5  ( d , J = 1 7 2  Hz, C - 7 ) ;  121 .1  ( d ,  J=24 Hz, C - 4 ) ;  9 6 . 5  
( d ,  o b s c ,  C - I ) ;  8 0 . 4  ( d ,  J=156 H z , C - 6 ) ;  6 1 . 1  ( t ,  J=149 Hz, C - I O ) ;  4 5 . 6  (d ,  
J=139 Hz, C - 9 ) ;  3 8 . 0  ( d ,  J=140 Hz, C - 5 ) ;  2 1 . 1  and  2 0 . 5  ( q ,  J=131 Hz, a c e -  
t a t e - C H 3 ) ;  9 6 . 5 .  7 2 . 2 ,  7 2 . 2 ,  7 0 . 6 ,  6 8 . 1  and  6 1 . 5  ( C - 1 ' ,  C - 3 " ,  C - 5 ' ,  C - 2 ' ,  
C - 4 '  and  C - 6 ' ) .  A n a l y s i s :  Found C, 5 3 . 7 1 ;  H, 5 . 4 5 ;  C2sH34016 r e q u i r e s  C, 
5 3 . 6 7 ;  H, 5 . 4 7 .  

P r e p a r a t i o n  of 6 , 1 0 - d t d e o x y  a u c u b i n  t e t r a a c e t a t e  ( 6 a ) .  
A u c u b i n  h e x a a c e t a t e  ( 3 a )  ( 3 . 6  g ,  6 . 0  mmol) was d i s s o l v e d  i n  d r y  1 , 4 - d i o x a n e  
(50 m l ) .  Then Pd /C (750 my) and HCOOH (510 my, 11 .1  mmol) was a d d e d .  The 
stirred mixture was refluxed, and the progress of the reaction was followed 
by TLC. After 1 h the reaction mixture was cooled to r.t., filtered through 
celite and reduced in vacuo. Flash chromatography (EtOAc/Toluene 2:3) fol- 
lowed by crystallisation from EtOH provided 6a (850 my. 30 ~), m.p.134-7 °C, 
[a] 2° -108 ° (c=0.4, CHCI3), Lit.s: m.p. 137-8 °C, [a]~ ° -142 ° (c=0.5, CHCI3) 

D 

P r e p a r a t i o n  of  8 ( S ) - 6 , 1 0 - d i d e o x y - 7 , 8 - d i h y d r o a u c u b t n  t e t r a a c e t a t e  ( 7 a ) .  
A u c u b i n  h e x a a c e t a t e  ( 3 a )  ( 1 0 . 0  g ,  16 .8  mmol) was d i s s o l v e d  i n  d r y  1 , 4 - d i o x a n e  
(150 m l ) ,  Pd/C ( 2 . 5  g)  and  f o r m i c  a c i d  ( 1 . 9  ml,  5 0 . 4  mmol) was a d d e d ,  and t h e  
s t i r r e d  m i x t u r e  was r e f l u x e d  f o r  1 h .  Work up a s  a b o v e  f o l l o w e d  by c r y s t a l -  
l i s a t i o n  and  r e c r y s t a l l i s a t i o n  of  t h e  c r u d e  m i x t u r e  f rom EtOH s a v e  7a ( 3 . 7 0  
g,  46 Z) m . p .  126-7  °C; [ a ] :  ° - 1 3 7 . 5  ° ( c = 0 . 8 ,  CHC13); ~H NMR (CDC13, 500 

~Hz) :  6 6 . 0 4  ( d d ,  J = 6 . 2  and  2 . 0  Hz, H - 3 ) ;  5 . 1 6  ( d ,  J = 2 . 5  Hz, H - l ) ;  4 . 9 0  (d ,  
J = 8 . 0  Hz. H - I ' ) ;  4 . 6 2  (m, H - 4 ) ;  2 . 6 0  (m, H - 5 ) ;  2 . 0 7 - 2 . 0  1~4xOAc); 1 . 9 5 - 1 . 1 5  
(7-CH2; 6-CH2; H-B; H - 9 ) ;  1 . 0 4  ( d ,  J = 6 . 5  Hz, 10-CH3) ; C NMR (CDCI3, 2 2 , 6  
MHz) 5 1 7 0 . 2 ,  1 6 9 . 8 ,  1 6 9 . 0  and  1 6 8 . 9  (C=O, a c e t a t e ) ;  137 .1  ( d ,  J=196 Hz, 
C - 3 ) ;  1 0 8 . 4  ( d ,  J=167 Hz, C - 4 ) ;  9 3 . 5  ( d ,  J=178 Hz C - 1 ) ;  4 8 . 5  ( d .  J = 1 3 1 H z ,  
C - 9 ) ;  3 3 . 4  ( d ,  J=127 Hz, C - 8 ) ;  3 2 . 1  ( t ,  J=129 Hz, C - 7 ) ;  3 1 . 5  ( d ,  J=135 Hz, 
C - 5 ) ;  3 0 . 0  ( t ,  J = 1 3 1 H z ,  C - 6 ) ;  2 0 . 3 - 2 0 . 2  (q ,  J=130 Hz, a e e t a t - C H 3 ) ;  19 .3  (q ,  
J=126 Hz, C - 1 0 ) ;  9 5 . 2 ,  7 2 . 2 ,  7 1 . 6 ,  7 0 . 4 ,  6 8 . 1 ,  6 1 . 5  ( C - 1 ' ,  C - 5 ' ,  C - 3 ' ,  C - 2 ' ,  
C - 4 ' ,  and  C - 6 ' ) .  A n a l y s i s :  Found C, 5 6 . 9 0 ;  H, 6 . 6 3 ;  C23H32011 r e q u i r e s  C, 
5 7 . 0 2 ;  H, 6 . 6 6 .  

P r e p a r a t i o n  of 8a.  
F o r m y l a t i o n  of  6 . 1 0 - d i d e o x y  a u c u b i n  a c e t a t e  ( 6 a )  ( 1 . 3 0  g .  2 . 7 0  mmol) w i t h  DMF 
(4 ml .  52 mmol) and  POC13 ( 2 . 4  ml .  26 mmol) was p e r f o r m e d  a s  a b o v e  i n  t h e  
p r e p a r a t i o n  of  5a  ( t a b l e  1 e n t r y  9) b u t  w i t h  a r e a c t i o n  t i m e  o£ o n l y  24 h.  
F l a s h  c h r o m a t o g r a p h y  ( E t O A c / t o l u e n e .  2 : 3 )  g a v e  8a ( 1 . 2 3  g .  8 9 ~ ) .  From EtOH 



1954 S .R .  JENSEN et al. 

was c r y s t a l l i s e d  1150 mg, m . p .  1 3 5 - 6  °C,  [ a ] :  ° - 2 8  ° ( c = 0 . 7 ,  C H C l a ) .  A n a l y s i s :  

Fo u n d  C, 5 6 . 0 7 ;  H, 6 • 0 3 ;  C24HaoO12 r e q u i r e s  C, 5 6 . 4 6 ;  H, 5 . 9 2 .  

P r e p a r a t i o n  o f  i r t d o t r i a l g Z u c o s i d e  (9) m t t h  h i g h  u t i t i z a t t o n  o f  DMF. 
7a  ( 3 . 4 8  g ,  7 . 1 9  mmol)  i n  CH2C12 (6  ml )  was f o r m y l a t e d  a s  a b o v e  ( p r e p a r a t i o n  
of  8 a  ( T a b l e  1 e n t r y  9 ) )  u s i n g  DMF ( 0 . 5 0  g ,  6 • 8 8  mmol)  a n d  POCI3 ( 1 . 0  g ,  6 . 5 0  
mmol)  u n d e r  d r y  Ar f o r  48 h .  DMF a n d  POCla w e re  m i x e d  i n  2 ml o f  t h e  s o l v e n t .  
At a p r o x .  - 8  °C t h e  Y i l s m e i e r  c o m p l e x  p r e c i p i t a t e d ,  b u t  d i s s o l v e d  a g a i n  a t  
a b o u t  +5 °C.  F l a s h  c h r o m a t o g r a p h y  of  t h e  c r u d e  p r o d u c t  ( h e x a n e / E t O A e ,  1 : 1 )  
g a v e  9 a  ( 1 . 8 5  g c o n t a m i n a t e d  w i t h  g l u c o s e  t e t r a a c e t a t e ) .  D e - a c e t y l a t i o n  
(NaObie/bleOH) a n d  p u r i f i c a t i o n  by p r e p - H P L C  ( H a O / M e O H , 3 : 2 ) ,  y i e l d e d  9 ( 6 8 2  mg, 
27 %). From EtOAc was c r y s t a l l i s e d  a s a m p l e ,  m . p .  1 4 6 - 8  °C;  [ a ] :  ° - 1 0 4  ° 

( c = 0 • 6 ,  bieOH). L i t . l a :  m .p•  1"t6-7 °C,  [ a ] :  ° - 1 1 7  ° ( c = 2 . 0 ,  MeOH); tH NMR (D20,  

500 MHz): 5 9 . 1 3  ( s , H - 1 1 ) ;  7 . 4 5  ( d , J = 3 . 9  H z , H - 3 ) ;  5 . 5 4  ( d , J = 3 . 9  H z , H - 1 ) ;  4 . 8 6  
( d , J = 8 . O  H z , H - I ' ) ;  2 . 9 5  ( b q ,  J=6  Hz, H - S ) ;  2 . 2 - 1 . 2 5  ( H - 9 ,  H-B, 6-CH2 and  
7 - C H 2 ) ;  1 • 0 9  ( d ,  J = 6 . 1  Hz, IO-CH3) ;  ~aC N14R (D20,  2 2 . 6  MHz): ~ 1 9 6 . 0  ( C - 1 1 ) ;  
1 6 4 . 8  ( C - 3 ) ;  1 2 5 . 3  ( C - , i ) ;  9 8 . 9  ( C - l ) ;  4 8 • ' i  ( C - 9 ) ;  3 5 . 4  ( C - 8 ) ;  3 3 . 2  ( C - 7 ) ;  
3 1 . 3  ( C - 5 ) ;  3 0 . 8  ( C - 6 ) ;  1 9 . 9  ( C - I O ) ;  9 9 . 7 ,  7 7 . 2 ,  7 6 . 5 ,  7 3 . 5 ,  7 0 . 4  a nd  6 1 . 5  
( C - I ' ,  C - 5 ' ,  C - 3 ' ,  C - 2 ' ,  C-4"  a n d  C - 6 ' ) .  A n a l y s i s :  Found  C, 5 3 . 0 2 ;  H, 7 . 1 6 ;  
C ~ 6 H 2 4 0 a , H 2 0  r e q u i r e s  C, 5 3 . 0 2 ;  H, 7 . 2 5 .  

P r e p a r a t i o n  o f  [ l l - l a c 1 - t r t d o t r t a t g t u c o s t d e  ( 9 ) .  
F o r m y l a t i o n  o f  ( 7 a )  ( 3 . 4 8  g ,  7 . 1 9  mmol)  a s  a b o v e ,  u s i n g  0 , 5  g > 90 ~ l a C - c a r -  
b o n y l  DbIF ( S t o h l e r  I s o t o p e  C h e m i c a l s )  g a v e  1 . 8 2  g c r u d e  [ 1 1 - ~ a c ] - 9 a ,  a f t e r  
f l a s h  c h r o m a t o g r a p h y .  D e a c e t y l a t i o n  (NaOMe/l~eOH) a n d  p u r i f i c a t i o n  by 
p r e p - H P L C  a s  a b o v e ,  g a v e  [ 1 1 - 1 a c ] - 1 2  ( 6 7 2  mg, c o r r e s p o n d i n g  t o  a t o t a l  u t i -  
l i z a t i o n  o f  27 % of  t h e  ~3C-D~F) a s  a e o l o u r l e s s  f o a m .  tH NMR ( D 2 0 ,  500 MHz): 
5 9 . 1 3  (d ,  J H , C = 1 7 5  Hz, H-11 on i a c - 1 1 ) ;  5 9 . 1 3  ( s ,  H-11 on i 2 C - 1 1 )  ( i n t e g r a -  

t i o n  s h o w e d  a n  86 % l a b e l l i n g  o f  C - 1 1 ) ;  7 45 ( b d ,  a j  = 5 3 Hz, H-3 
" H - 3 , C - 1 1  " 

to  ~ a c - 1 1 ) ;  7 45 ( b s ,  H-3  ~ t o  t 2 C - 1 1 ) ;  7 . 4 5  (bd  ~J = 191 Hz H-3 on • ' H - 3 , C - 3  " 
~ a C - 3 )  ( i n t e g r a l s  s h o w e d  5 % l a b e l l i n g  o f  C - 3 ) ;  t h e  r e m a i n i n g  p a r t  of  t h e  
s p e c t r u m  a s  a b o v e ;  t a c  NI4R (D20,  2 2 . 6  MHz): 5 1 9 6 . 2  ( C - 1 1 ) ;  1 6 4 . 8  ( C - 3 )  ( r e -  
l a t i v e  i n t e n s i t i e s :  1 4 : 1 ) .  
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