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PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE TO 

6-SUBSTITUTED 2-0-ACETYL-HEX-3-ENOPYRANOSIDES 

L. V. DunKerton"l, K. T. Brady2,3, F. Mohamed2, 
and B. P. McKillicanl 

Department of Chemistry and Biochemistry 
Southern Illinois University at Carbondale 

Carbondale, IL 62901 

Received August 6, 1987 - Final Form January 11, 1988 

ABSTRACT 

Readily available 6-substituted 3,4-di-~-acetyl-l,2-glycals have 
been converted to their 2-~-acetyl-3,4-dideoxy-hex-3-enopyranosides by a 
stereoselective alkoxypalladation followed by addition of sodium 
cyanoborohydride which effected a stereoselective and regioselective 
allylic rearrangement with chirality transfer. Using this reaction 
methyl 2,6-di-~-acetyl-~,4-dideoxy-a-D-erythro-hex-~-enopyranoside 
(131, ethyl 2,6-di-0-acetyl-~,~-dideoxy-a-D-erythro-hex-~-enopyranoside 
(151, B-(trimethyls?lyl) ethyl 2,6-di-g-acetyl-3,4 ,-dideoxy-a-D- 
erythro-hex-3-enopyranoside (171, methyl 2-G-acetyl-3,4-dideoxy-a- 
D-erythro-hex-3-enopyranoside (1 9 1, methyl 2-pacetyl-6-azido-3,4,6- 
trideoxy-a-D-erythro-hex-3-enopyranoside (211, methyl 2-g-aCetyl- 
6-0-methyl-3.4, -dideoxy-a-D-erythro-hex-3-enopyranoside (20 1 ,  
methyl 2,6-di-O-acetyl-3,4, -dideoxy-a-D-threo-hex-3-enopyranos ide 
(22 1, methyl 4~0-acetyl-6-cyano-2,3,6-trideoxy-a-D-erythro-hex- 
2-enopyranos ide- (24 ) , methyl 4-s-ace tyl-2,3-di deoxy-a-D- glycero- 
pent-2-enopyranoside (25), and methyl-4-~-acetyl-2,3,6-trideoxy-a- 
L-erythro-hex-2-enopyranoside (26) were synthesized in excellent 
yield from their corresponding 1,2-glycals. In this reaction it was 
found that both sodium cyanoborohydride and a coordinating group at C-6 
were necessary to effect the regioselective allylic rearrangement. 
These rearrangements can be rationalized on the basis that following 
transalkoxypalladation the resulting 2,3-palladium 1~ complex is reduced 
to a Pd(0) complex by sodium cyanoborohydride which then undergoes 
allylic rearrangement assisted by coordination of the group at C-6 to 
control the regioselectivity. 
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50 DUNKERTON ET AL. 

IN" RODUCT I ON 

An ongoing program t o  effect ,  r e g i o - ,  and s t e r e o s e l e c t i v e  

f u n c t i o n a l i z a t i o n  o f  c a r b o h y d r a t e s  u s i n g  pa l l ad ium r e a g e n t s  l e d  t o  t h e  

i n v e s t i g a t i o n  of pa l l ad ium promoted a l l y l i c  r ea r r angemen t s  of  pyranos ide  
g l y c a l s .  Numerous examples have been r e c e n t l y  r e p o r t e d  i n  which 

pa l l ad ium(I1 )  s a l t s  and pa l lad ium ( 0 )  complexes have been used  t o  
c a t a l y z e  [3,3] and [ 1,3]  s i g m a t r o p i c   rearrangement^.^'^ 
mechan i s t i c  and s y n t h e t i c  f e a t u r e s  of P d ( I 1 )  c a t a l y z e d  [3 ,3]  s igma t rop ic  
r ea r r angemen t s  i n  s y n t h e s i s  i n c l u d e  c h i r a l i t y  t r a n s f e r  and 
r e g i o s e l e c t i v i t y  based on thermodynamic p r e f e r e n c e s  or re l ief  of S t e p i c  

c o r n p r e s ~ l o n . 7 ' ~  
accompanied by n o n s p e c i f i c  i n v e r s i o n l o  or  acetate sc rambl ing7 ,  and g i v e  
mix tu res  of [3,3] and [1,3] p roduc t s .6 ,  l 3 ,  l 4  

a l l y l i c  r ea r r angemen t s  are sugges t ed  t o  o c c u r  by o x i d a t i v e  a d d i t i o n  
followed by n u c l e o p h i l i c  attack on  t h e  n - a l l y 1  i n t e r m e d i a t e  i n  which 

r e g i o s e l e c t i v i t y  is n o t  expec ted  o r  r e q u i r e d  b u t  o f t e n  observed .  Not 
o n l y  are d i f f e r e n t  p r o d u c t s  formed due  t o  the  o x i d a t i o n  s ta te  of  a 
pa l lad ium catalyst ,  b u t  a lso due t o  l i g a n d s .  An example is a [3 ,3]  
s igamt rop ic  rear rangement  affected by Pd(dppe12 whereas Pd(PPh314 gave  a 

mix tu re  o f  [3,3] and  [1,31 p r o d u c t s ,  the  s e l e c t i v i t y  of the former be ing  
a t t r i b u t e d  t o  s t e r i c  e f f e c t s . 6  
s t e r e o s e l e c t i v i t y  is desired and the cho ice  of c a t a l y s t  can  be sugges t ed  
based on  these l i t e r a t u r e  p receden t s .  F requen t ly  when e i t h e r  P d ( I 1 )  or 
Pd(0 )  c a t a l y s t  can  be used ,  the former reacts much f a s t e r . 6  

Impor t an t  

I n  c o n t r a s t ,  Pd (0 )  a l l y l i c  r ea r r angemen t s  are o f t e n  

P d ( 0 )  c a t a t a l y z e d  

For  s y n t h e t i c  pu rposes  h i g h  r e g i o -  and 

The u s e  of pa l lad ium assisted n u c l e o p h i l i c  a d d i t i o n s  t o  a l k e n e s  has 

a l s o  been developed t o  be a h igh ly  s t e r e o  and r e g i o s e l e c t i v e  s y n t h e t i c  
method. Compared t o  e l e c t r o p h i l i c  assisted a d d i t i o n  t o  a l k e n e s  
c a t a l y z e d  by L e w i s  acids or mercury complexes,  pa l lad ium is h i g h l y  

s t e r e o s e l e c t i v e ,  i n c l u d i n g  t r a n s  a d d i t i o n  of alcohols. More r e c e n t l y  
the s t e r e o c h e m i c a l  c o n t r o l  of a d d i t i o n  o f  v a r i o u s  n u c l e o p h i l e s  t o  
a l k e n e s  by Backva l l  and coworkers has shown tha t  a l t e r i n g  the  l i g a n d  
environment c a n  a l s o  be used t o  change t h e  s t e r e o s e l e c t i v i t y  of  a g iven  
n u c l e o p h i l e ,  t h u s  i n c r e a s i n g  the s y n t h e t i c  p o t e n t i a l  o f  t h i s  r e a c t i o n .  ' 5  

The combina t ion  of s t e r e o s e l e c t i v e  a l k o x y p a l l a d a t i o n  c a t a l y z e d  by P d ( I 1 )  

sa l ts  and the  s t e r e o s e l e c t i v i t y  of a l l y l i c  r ea r r angemen t s  has been 
combined i n  our  e f f o r t  r e s u l t i n g  i n  a n  e f f i c i e n t  two-step one-pot 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE 51 

conversion of readily available glycals to their respective 
3,4-dideoxy-hex-2-enopyranosides consisting of a stereoselective 
alkoxypalladation followed by allylic rearrangment of the resulting 
palladium complex after reduction. 

RESULTS AND DISCUSSION 

Several readily available glycals were used in this study. 
3,4,6-Tri-~-acetyl-D-glucal and 3,4-di-O-acetyl-L-rhamnal - were 
commercially available, while 3,4-di-g-acetyl-D-xylal and 
3,4,6-tri-~-acetyl-D-galactal were prepared using literature 
procedures. 
from 1 using standard methods as shown in Scheme 1 .1 6 p 1 7  

Various 6-substituted 3,4-di-2-acetyl-glycals were prepared 

The alkoxypalladation-rearrangement of 3,4,6-tri-Z-acetyl-D- 
glucal ( 1 )  was accomplished with the primary alcohols methanol, 
ethanol, and 8-trimethylsilylethanol using the alcohols as a solvent. 
To a solution of 1 in the alcohol was added 0.5 equivalents of PdC12 
and the mixture stirred 3.5 h under argon at room temperature during 
which trans methoxypalladation occurred stereoselectively. After 
cooling the suspension to -5OC, one equivalent of sodium 
cyanoborohydride was added and the mixture allowed to stir at -5OC for 1 

h followed by workup. The results of these rearrangements are shown in 
Table 1. The major product from each reaction was identified 
spectroscopically as the product of allylic rearrangement and the minor 
product was that of trans methoxypalladation. If the reaction was 
subjected to workup without addition of sodium cyanoborohydride, only 
- trans methoxypalladation products were isolated. From 1 ,  the 
rearrangement proceeded in approximately 60-85% depending upon the 
alcohol. To examine the effect of the C-6 group on the extent of the 
allylic rearrangement, each of the C-6 substituted 3,4-di-g-acetyl- 
D-glucals was subjected to methoxypalladation-rearrangement using 
the same reaction conditions. The results as shown in Table 1 show that 
the best rearrangement ratios were achieved 
hydroxyl, methoxy and azido, while the acetate group rearranged 
approximately 85%. the nitrile group underwent methoxypalladation 
without allylic rearrangement, and the S-phenyl and N-acetate groups 
prevented both methoxypalladation and rearrangement. The effect of the 

with the C-6 groups of 
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SCHEME I 

DUNKERTON ET AL. 

A c  

H 

1 2 3 4 

1 , H F C  '$> 
g,c OAc > 

AcO A c  0 
H H \ 

I:. 

H 7  " 8  " 9  

( a )  

- n - B U 4 N F ,  T H F ;  (el N a H ,  T H F ;  ( f )  C H 3 I ;  (g)  T s C 1 ,  p y r ,  C H 2 C 1 2 ' 9 ;  ( h )  N a N 3 ,  

DMSO; (1 ) N a C N ,  n - B u q N B r ,  C H j C N ,  DMF20; (j 

e ther .  

N a O M e ,  M e O H 1 8 ;  ( b )  L - B u M e z S i C l ,  i m i d a z o l e ,  DMF; ( c )  Ac20, p y r ;  ( d )  

P h S N a ,  e ther ;  (k) L i A l H 4 ,  
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PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE 53 

TABLE 1 . Alkoxypalladation-Rearrangement Resul ts  

COMPOUND X Y Z R RATIO (3 ,4) :  (2 ,3)  

1 

1 

1 

3 

4 

6 

7 

8 

9 

10 

11 

H OAc 

H OAC 

H OAc 

H OAC 

H OAc 

H OAc 

OAc H 

H OA c 

H OA c 

H OAc 

H OA C 

CH20Ac 

CH20Ac 

CH20Ac 

CH20H 

CH20CH3 

CH2N3 

CH20Ac 

CH2CN 

CH2SPh 

C H ~ N H A C  

H 

H 

H 

13:14 = 85:15 

15:16 = 85:15 

17:18 = 85:15 

19 100% (3 ,4)  only 

20 100% ( 3 , 4 )  only 

21 100% ( 3 , 4 )  only 

22:23 = 85:15 

24 100% ( 2 , 3 )  only 

no r e a c t i o n  

no r e a c t i o n  

25 100% ( 2 , 3 )  only 

Acob H -  

OAc 

12 26 
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DUNKERTON ET A L .  54 

group at C-4 did not appear to change the rearrangement ratio because 

3,4,6-tri-c-acetyl-D-galactal (7) rearranged with chirality transfer 
in the same 85% ratio observed for 1. Glycals without coordinating 
groups at C-6 including 3,4-di-O-acetyl-D-xylal (11) and 3,4-di-c- 
acetyl-L-rhamnal (12) only underwent methoxypalladation without 
allyllc rearrangement. 

The structures of the major 3,4-dideoxy-hex-3-enopyranosides 
13-22 were established from lH NMR, '3C NMR, and mass spectral data. 
The most convincing evidence was the identity of the 'H NMR data and l3C 
NMR data for 13 and 22 to that reported by Zamojski and coworkers.21 
Since it was most important to distinguish rearranged products from their 
corresponding hex-2-enopyranosides, several of the hex-2-enopyranosides 
were prepared by either methoxypalladation or BF3,etherate addition of 
methanol to the corresponding glycals.22 
enopyranosides compared to that of hex-2-enopyranosides shows both H-1 
and C-1 further upfield in the former and H-5 further upfield in the 
latter. Comparative spectral data for the other hex-3-enopyranosides to 
the already reported compounds 13 and 22 was also in accord with 
these trends. 

The NMR spectra of hex-3- 

These rearrangements can be rationalized'on the basis that in the 
presence of PdC12, methanol underwent trans methoxypalladation stereo- 
selectively adding methanol to the a face to give an intermediate Pd 
*-complex which is then reduced to a palladium(0) complex after the 
addition of sodium cyanoborohydride. The resulting Pd(0) complex 
effects acetate rearrangement with chirality transfer and migration of 
palladium to stabilize the 3,4 double bond. The role of the coordinat- 
ing group at C-6 may be to effect ligand exchange during the reduction 
and result in the regioselectivity of the allylic rearrangement being 
controlled by the greater stability of the 3,4 palladium n-complex 
compared to that of the 2,3 palladium complex formed after methoxy- 
palladation. Lack of a coordinating group inhibits rearrangement after 
methoxypalladation. 
or N-acetyl inhibited methoxypalladation. These results show that this 
two step sequence provides a very direct synthesis of 6-substituted 
3,4-dideoxy-hex-3-enopyranosides from the readily available 1,2-glycals 

with appropriate choice of a coordinating group at C-6 to effect high 

Apparently the strongly coordinating C-6 S-phenyl 
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PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE 55 

regioselectivity in the rearrangement. The use of this reaction in the 
preparation of chiral synthons for asymmetric synthesis should prove 
valuable. 

EXPERIMENTAL 

General Procedures. NMR spectra were recorded for solutions in 
CDCl3 using either Varian T-60, Varian XL-100, Varian XL-200, 
Nicolet-200, or Bruker WM-500 spectrometers. H NMR spectra are 
reported referenced to internal Me4Si at 60, 100, 200, or  500 MHz with 
coupling constants reported in hertz. 
25.2 MHz, 50.3 MHz, 125.7 MHz referenced to CDCl3 (77.00). 
Multiplicities from off resonance decoupling experiments are in 
agreement with the assignments. Mass spectra were obtained using either 
a Hewlett-Packard 5985 or  Finnegan 4000 low resolution or  a Kratos MS-80 
medium resolution mass spectrometer in either low resolution electron 
impact (EI) o r  chemical ionization (CI, CH4) mode. High resolution mass 
spectra were obtained using either a VC 7070 spectrometer (HREI) or a 
Kratos MS-52 (HRCI) with appropriate peak matching. IR spectra were 
recorded on a Perkin Elmer 281 or a Nicolet FTIR spectrometer. 
rotations were measured using a Perkin Elmer 241 polarimeter. TLC and 
column chromatography were performed on silica gel CF254 (230-400 mesh, 
Merck) or using Baker silica gel (60-200 mesh). Most solvents were 
distilled shortly before use from an appropriate drying agent. Ether 
and tetrahydrofuran were distilled from sodium benzophenone ketil. 
Benzene and N,N-dimethylformamide were distilled from calcium hydride. 
Methanol used was spectrophotometric grade (99.95, Aldrich Chemical 
Company) stored over 38 molecular sieves under argon. All air sensitive 
reactions were performed under an atmosphere of argon. 

l3C NMR spectra were recorded at 

Optical 

Preparation of 6-Substituted-3,4-di-~-Acetyl Glycals. 
3,4,6-Tri-O- - acetyl-D-glucal (1) and 3,4-di-g-acetyl-L-rhamnal 
(12) were purchased from Pfansteihl Laboratories and used directly. 
3,4-Di-0-acetyl-6-~-~-toluenesulfonyl-D-glucal - was prepared by the method of 
Brimacombelg. 
Weygand,lT and 3,4,6-tri-O-acetyl- D-galactal (7) by the method of 
Rosenthal and Read1 6. 

3,4-Di-~-acetyl-D-xylal ( 1  1 ) was prepared according to 
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56 DUNKERTON ET AL. 

3,4,-Di-0-acetyl-6-0-t-butyldimethylsily1-D-g1uca1 ( 2 7 ) .  A 

s o l u t i o n  o f  D-glucal ( 2 )  (1.8g, 12.4 mmol) i n  DMF (30 mL) was 

cooled  t o  0 OC. To t h i s  s o l u t i o n  was added imidazole  (1.95 g ,  2.3 e q )  

and m - b u t y l d i m e t h y l s i l y l  c h l o r i d e  (2.06 g ,  1 . 1  e q ) .  The mixture  was 

a l lowed t o  warm t o  room tempera tu re  and s t i r r i n g  was con t inued  fo r  24 h. 

The DMF was removed a t  room tempera tu re  i n  VaCUO (0.001 mm Hg). Without 
p u r i f i c a t i o n  t h e  c r u d e  sy rup  was d i s s o l v e d  i n  p y r i d i n e  (25 mL) ,  cooled  

t o  0 O C  And t r e a t e d  w i t h  acet ic  anhydr ide  (25 mL) .  The s o l u t i o n  was 
allowed t o  w a r m  t o  room tempera tu re  and l e f t  s t a n d i n g  f o r  two d a y s  a t  

room tempera ture .  Removal of the s o l v e n t s  i n  vacuo gave a s y r u p  which 

was t aken  up i n  E t20  and s u c c e s s i v e l y  washed wi th  s a t u r a t e d  sodium 

b i c a r b o n a t e  s o l u t i o n ,  water and b r i n e .  The o r g a n i c  l a y e r  was d r i e d  ove r  
anhydrous magnesium s u l f a t e  and t h e  s o l v e n t  removed i n  vacuo t o  g i v e  c rude  

27 (3.67g, 86% y i e l d  from 2 ) .  For p r e p a r a t i o n  of 3 c rude  27 was 
used  wi thou t  f u r t h e r  p u r i f i c a t i o n .  F l a s h  chromatography ( s i l i c a  g e l ,  10% 

EtOAcIpentane) a f forded  pure 27, which c r y s t a l l i z e d  a s  c o l o r l e s s  needles 

upon s tanding  a t  -5 O C .  Data f o r  7: R f  = 0.81 (7 :3  toluene/EtOAc); I H  N M R  

(60 MHz, CDCl3) 6 6.5-6.3 (m, H - 1 1 ,  5.5-5.2 (m, H-31, 5.2-5.0 ( m ,  H - 4 1 ,  5.0-4.6 
(rn, H-21, 4.4-4.3 (m, H-51, 4.3-3.7 ( m ,  J-6 Hz, H-2, H-6, H-6'1, 2.1 ( 9 ,  O A c ) ,  

0.9 ( 9 ,  L-CqHg), 0 .1 ,  0.07 (s, Sl(CH3)2);  I R  (Neat )  2960, 2940, 2900 and 2870, 
1750, 1650, 1380, 1250, 1110 ,  1080, 1050, 850 and 785 cm-l; [a155 -3.13" (c  

0.245, CHC13). 

3,4-Di-O-Acetyl-D-G1ucal (3).  A s o l u t i o n  of 27 (2.0 g ,  
5.70 mrnol) i n  THF (20 mL) was coo led  t o  0 O C  under a rgon .  To t h i s  

s o l u t i o n  was added tetrabutylammonium f l u o r i d e  (12.5 mL, 1 M  i n  THF, 

A l d r i c h  Chemical Co.) ove r  15 min. The r e a c t i o n  mix tu re  was warmed t o  

room tempera tu re  and s t i r red  f o r  a n  a d d i t i o n a l  1.5 h. S o l v e n t  removal 

and f l a s h  chromatography ( s i l i c a  g e l ,  15% EtOAc/pentane) a f f o r d e d  pure 3 
( 1 . 1 1  g ,  85%) .  Data f o r  3: R f  = 0.48 (7 :3  toluene/EtOAc); l H  NMR 

(CDCl3) d 6.41-6.33 (dd ,  J=6  H z ,  2 Hz, H - 1 1 ,  5.27-5.21 (dd ,  J=6  H z ,  3 

Hz, H-3), 4.73-4.64 (dd, J = 6  Hz, 3 Hz, H-2). 4.43-4.39 ( m ,  H-4, H-5 1, 
4.06-3.70 fm, H-6, H-6'1, 3.2 ( b r s .  O H )  and 2.11 (9, OAc) ;  NMR 

(CDCl3) 6170.27, 169.68 ( C = O ) ,  144.59 ( C - 1 1 ,  98.81 (C-21, 76.14 (C-51, 

72.36 ( C - 4 1 ,  66.84 (C -31 ,  62.57 (C-6) and 21.59, 21.25 (CH3); I R  (Neat) 
3430, 2940 and 2900, 1740, 1655, 1380, 1250, 1230, 1105, 1060 and 1040 

cm'l; Ca1g5 -3.62' ( c  0.327, CHC13). 
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PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE 57 

3,4-di-0-Acetyl-6-0-methyl-D-glucal (4) .  Sodium h y d r i d e  (43.6 
mg, 1.82 mmol) was added t o  a s o l u t i o n  of  3,4-di-O-acetyl-D-glucal - 
( 3 )  (380 mg, 1.65 mmol) t n  THF ( 1 O m L )  a t  5OC and st irred f o r  5 min 

t h e n  warmed t o  room tempera tu re .  Methyl iodide (684 mg, 4.82 mmol) 
which had been f i l tered through basic a lumina  was added v i a  s y r i n g e  and 

s t i r r i n g  was con t inued  for 16 h. The r e a c t i o n  mix tu re  was c o n c e n t r a t e d  

then  t r i t u r a t e d  w i t h  e t h e r  (30 mt). The o r g a n i c  l a y e r  was extracted 
w i t h  s a t u r a t e d  N a C l  (2xlOmL) t h e n  d r i e d  ove r  MgSO4. F i l t r a t i o n  and 

c o n c e n t r a t i o n  afforded a n  o i l  which was f l a s h  chromatographed ( s i l i ca  

g e l ,  20% EtOAcIhexane) t o  g i v e  4 as  a n  o i l  (170 mg, 42.2%). Data 
for 4: 

(dd ,  Jp6.1 Hz, 1.1 Hz,  H-l) ,  5.35-5.32 (ddd, Jp3.2 Hz, 1.1 Hz, H-31, 

4.83-4.78 (dd ,  J=6.1 Hz, 3.2 Hz, H-2). 4.45-4.11 ( m ,  H-4 ,  H-5, H-6,6') 
3.50 (9, OCH31, 2.12-2.09 ( O A C ) ;  '3C NMR (CDCl3) 6 170.64, 170.39 (OAc  

145.34 ( C - 1 1 ,  99.05 (C-21, 75.06 (C-31, 74.75 ( C - 4 1 ,  69.37 (C-51, 62.3 
(C-61, 59.11 (OCH3), 21.19, 20.82 (OAc). 

procedure  r e c e n t l y  r e p o r t e d  by Nakahara,  Beppu and Ogawa, 2o a s o l u t i o n  

of 3,4-di-0-acetyl-6-0-p-toluenesulfonyl-D-glucal - - -  ( 5 )  (0.324 g ,  

0.842 m m o l ) ,  powdered sodium cyan ide  (0.109 g ,  2.6 eq) and 

Rf = 0.50 (30% EtOAc/hexane); l H  NMR (CDCl3) 6 6.43-6.40 

3,4-Di-O-Acetyl-6-cyano-6-deoxy-D-glucal (7) .  Using the  

I 

tetrabutylammonium bromide (0.545 g ,  2.0 e q )  i n  a c e t o n i t r i l e  ( 3  mL) and 

DMF ( 3  mL)  was r e f l u x e d  a t  83OC ( b a t h  t empera tu re )  for 24 h. After 

c o o l i n g ,  t h e  s o l u t i o n  was poured o n t o  ice water (50 mL) and e x t r a c t e d  

w i t h  E t20  ( 3  x 50 mL). 

water then  b r i n e  and d r i e d  ove r  magnesium s u l f a t e .  Concen t r a t ion  

afforded a red-orange  o i l  (0.120 g ,  60%).  P u r i f i c a t i o n  by f l a s h  

chromatography (s i l ica  g e l ,  10% EtOAc/pentane) gave pu re  7 (40%).  
Data f o r  7:  

(dd ,  J=6.1 H z ,  1.2 H z ,  H-1 1, 5.38-5.32 (ddd, J=5.8 Hz, 3.1 H z ,  1 .2  H z ,  

H - 3 1 ,  5.28-5.20 (dd ,  J=7.1 Hz, 5.8 Hz, H-41,  4.88-4.83 (dd ,  J=6.1 H z ,  

3.1 H z ,  H-21 ,  4.47-4.36 (dd, J=7.1 H z ,  5.1 H z ,  5.1 Hz, H-51, 4.30-4.36 

The combined o r g a n i c  l a y e r s  were washed wi th  

Rf = 0.61 (7:3 toluene/EtOAc); l H  NMR (CDCl3) 6.50-6.46 

(dd ,  Jt11.8 Hz, 5.1 Hz, 5.1 Hz, H-6, 6 * j  and 2.08, 2.06 (s ,  O A c ) ;  

NMR (CDCl3) 6 170.60, 170.39 ( O A C ) ,  169.56 ( C S N ) ,  145.59 ( C - 1 1 ,  98.96 
(C-21, 73.90(C-5), 67.39 (C-31, 67.12 (C-41, 61.34 (C-61, 21.00, 20.279 
( O A C ) ;  I R  (CHC13) 2900, 2240, 1740, 1670, 1395, 1250, 1115 and 1050 

cm-l; MS ( C I  - C H 4 )  m/z 268 (M' + C2H5, 1 .9%) ,  240 (MH', 1 . 1 % ) .  214 

( l o % ) ,  213 (MH' - HCN, 9.0%),  171 (MN' -HCN -CH2CO, 9 .0%) .  153 (M' -HCN 
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58 DUNKERTON ET AL. 

-HOAc,  99.5%), 111 (MH' -HCN -HOAc -CH$O, 16.9%); [a]g5 -5.85O (c 

0.0728, C H C 1 3 ) .  

3,4-Di-O-acetyl-6-az~do-6-deoxy-D-glucal (6). A s o l u t i o n  o f  
5 (2.51 g, 6.54 mmol) and sodium a z i d e  (0.724 g, 1.7 eq)  i n  DMSO (50 
mL) was heated a t  l l O ° C  (bath temperature)  f o r  4 h under a calcium 
s u l f a t e  drying tube. After c o o l i n g ,  the r e a c t i o n  mixture  was poured 
on to  ice water (200 mL) and e x t r a c t e d  wi th  Et20 (5  x 50 mL). 

combined ether layers were washed wi th  water and b r i n e  and d r i e d  over  
magnesium s u l f a t e .  Concentrat ion in vacuo ( b a t h  temperature  4OoC)  

afforded a yellow o i l  (1.25 g, 78%) which was chromatographed ( s i l i ca  
g e l ,  10% EtOAc/pentane) t o  g ive  pure 6. 
(7:3 toluene/EtOAc); l H  NMR ( C D C l g )  6 6.46-6.40 (dd ,  516 Hz, 1.5 Hz, 
H - 1 ) ,  5.32-5.06 (m, H-3, H - 4 1 ,  4.88-4.78 (dd ,  J=6 Hz, 3.5 Hz, H-21, 
4.19-4.15 ( m ,  H-51, 3.65-3.33 ( m ,  H-6, H-6') and 2.07, 2.04 (3, O A c f ;  

The 

Data f o r  6: R f  = 0.73 

lit.24 

H - h ) ,  5.02-4.76 (dd ,  Jp6.5 H z ,  3 Hz, H-2);, 4.43-4.04 ( 4 ,  H-51, 
l H  NMR (CDCl3) 6 6.51 ( d ,  5 ~ 6 . 5  H Z ,  H - 1 1 ,  5.47-5.03 (m, H-3, 

3.66-3.38 (m, H-6, H-6') and 1.7 ( s ,  OAc); l3C NMR (CDCl3) 6 169.04, 
168.31 ( O A c ) ,  144.43 ( C - 1 1 ,  98.70 (C-21, 74.72 (C-5), 67.99 (C-41, 66.93 

(C-31, 50.31 (c-6) and 21.54, 21.34 (CH3); I R  (Neat) 2940, 2110, 1760, 
1660, 1450,  1375, 1240, 1160 and 1050; MS (CI-CH4) m/z 284 (M+ + C2H5, 
6 .9%) .  256 (MH', 2.951, 213 (MH+ -AC, 13.381, 196 ( M H +  -HOAc, 18.4%). 

168 (MH' -N2 -HOAc, l o o % ) ,  153 (MH' -HOAc -AC, 5.121, 126 (20.8%) and 
108 (MH' -2HOAc - N2, 7 .2%) ;  [a]g5 +0.180° ( C  0.111, CHC13); lit.24 

[ a l ~  -6" ( C  1 .89) .  
3,4-di-O-Acetyl-6-deoxy-6-S-phenyl-D-glucal (9 ) .  NaH (3.43 mg, 

0.145 mmol) was added t o  a s o l u t i o n  of  thiophenol  (14.3 mg, 0.130 mmol) 

in anhydrous ether (1OmL) and st irred a t  room temperature  f o r  15 rnin. 
3,4-di-0-Acetyl-6-0-p-toluenesulfonyl-D-glucal - - -  (50 mg, 0.130 mmol) 
was added and the s o l u t i o n  r e f luxed  f o r  6h . After coo l ing ,  t h e  

s o l u t i o n  was poured i n t o  H20 (20 mL) and e x t r a c t e d  w i t h  ether (40 mL 
then,  2 x 20 mL) and t h e  e x t r a c t s  d r i e d  over  MgS04. 

evaporat ion of s o l v e n t s  a f fo rded  an o i l  which was f l a s h  chromatographed 

( s i l i ca  g e l ,  20% EtOAc/hexanes) t o  a f f o r d  pu re  9 as  a n  o i l  (24.8 mg, 

F i l t r a t i o n  and 

62.3%). Data f o r  9: R f  = 0.70 (30% EtOAc/hexane); ' H  NMR (CDCl3) 6 

7.50-7.10 ( m ,  SPh)  6.43-6.40 ( d d ,  J=6.1 Hz, 1 . 1  Hz, H - 1 1 ,  5.36-5.29 

( d d d ,  556.1 Hz, 5.5 Hz, 1 .5 Hz, H-3), 5.29-5.21 (H-51, 4.90-4.82 ( m ,  
H-2, H - 4 1 ,  4.27-4.16 (m, H-6,6 ' ) ,  2 .12 ,  2.09 ( O A c ) ;  '3C NMR (CDcl3) 6 
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PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE 59 

170.25, 169.66 (OAc), 145.61 (C-1 1, 130.28, 129.09, 129.04, 126.81 
(SPh), 98.43 (C-21, 74.22 (C-3). 69.16 (C-41, 66.29 (C-51, 34.33 (C-61, 
21.07, 20.91 (OAC). 

6-N-Acetyl-3,4-Di-O-acetyl-6-deoxy-D-glucal (10). A solution 
of 6 (6.79 g, 26.6 mmol) in anhydrous ether (50 mL) was added via 
syringe dropwise over 1 h to a boiling suspension of lithium aluminium 
hydride (7.10 g, 7.0 eq) in ether (200 mL). Refluxing was continued for 
an additional 1 h after addition was complete. After cooling, the 
reaction was quenched by the slow addition of MeOH (200 mL). The 
resulting suspension was filtered under suction and the precipitated 
salts were washed with dichloromethane. Concentration in vacuo afforded 
a tan powder which was continuously extracted with boiling EtOAc 
(Soxhlet apparatus, 8 h). Removal of the solvent in vacuo gave the 
partially purified 6-amino-6-deoxy-D-glucal which was directly 
acetylated in a solution of pyridlne (40 mL) and acetic anhydride (40 
mL) for 2 days at room temperature. Concentration In vacuo afforded a 
yellow oil (4.33 g, 60% from 6 )  which was chromatographed (silica 
gel, 15% EtOAc/pentane to give pure 10. Data for 10: Rf = 0.59 
(7:3 toluene/EtOAc); lH NMR (CDCl3) 6 6.44-6.38 (dd, J=6 Hz, 1 Hz, H-11, 
5.35-5.17 (m, H-3, H-41, 4.85-4.76 (dd, J=6 Hz, 3, H-21, 4.41-4.08 (m, 
H-5, H-6, H-6'1, 2.08, 2.06, 2.03 (5, NAc, OAC); '3C NMR (CDCl3) 6 

169.43, 169.28, 168.46 (OAc), 144.81 (C-11, 98.71 (C -2 ) ,  73.95 (C-51, 

67.51 (C-41, 67.27 (C-3), 61.54 (c-6) and 21.62, 21.43 (OAc); IR (Neat) 
3500, 2950, 1750, 1655, 1380, 1230 and 1050 cm-l ; [alp -5.45 (c 
0.180, CHC13). 

Alkoxypalladatlon Rearrangement of 3,4,6-tri-O-acetyl-D-glucal 
(? 1. A solution of 3,4,6-tri-O-acetyl-D-glucal (1 ) (0.0741 8, 
0.272 mmol) and PdC12 (0.0243 g, 0.50 eq) In  the alcohol (1.8 mL) was 
stirred for 3.5 h under argon at room temperature. After cooling this 
suspension to -5 O C ,  sodium cyanoborohydride (0.0172 g, 1.1 eq) was 
added to the mixture. The reaction temperature was maintained at -5 OC 
for one after which the reaction mixture was filtered through a pad of 
pre-cooled Filter Aid and the solids were washed with cold ethyl acetate. 
Concentration at room temperature in vacuo afforded products. 

Using methanol as the reaction solvent afforded a mixture Of 13 
and 14 (53 mg, 805, 13:14 = 85:15 on the basis of lH NMR). 
for 13 (from the mixture): 

Data 

Rf = 0.60 (7:3 toluene/EtOAc); 'H NMR 
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60 DUNKERTON ET AL. 

(500 MHZ, CDCl3) 6 5.96-5.90 (ddd ,  J=15.5 Hz, 6.5 H z ,  1 . 2  Hz, H - 4 1 ,  

5.78-5.72 (ddd, J=15.5 Hz, 4.5 Hz, 1 . 2  Hz, H-31, 5.39-5.36 (dd ,  5 ~ 5 . 8  

Hz, 4.5 Hz, H - 2 ) ,  4.85-4.84 ( d ,  J=4.5 Hz, H-l)., 4.5-4.3 (m, H-51, 
4.3-4.0 (m, H-6, H-6'1, 3.30 (9 ,  OCH3) and 2.10, 2.09 (9 ,  O A c ) ;  13C NMR 

(125 MHz, CDCl3) 6 171.09, 169.81 ( O A C ) ,  131.54 (c-41, 128.30 (c-31, 

101.41 ( C - I ) ,  73.81 (C-51, 71.13 ( C - 2 ) .  64.75 (C-61, 52*64(0CH3), 21.00, 

20.78 ( O A C ) ;  I R  (CHC13) 1720, 1040, 1225; MS (CI-CHb)  245 (MH', 1 % )  213 
(MH' - CH30H, go%) ,  185 (MH' - ACOH, 1151, 153 (MH' - ACOH - CH30H, 
l o o % ) ,  143 (1221, 125 (2581, 1 1 1  (9321, 83 (7%) ;  MS ( H R E I )  calc. f o r  
C11H1606 244.0947, found 244.0954; [a]G5 +9.60° (c  0.134, CHC13). 

15. Using e thano l  as t h e  r e a c t i o n  s o l v e n t  a f fo rded  a mixture  

of 15 and 16 (50%, 15:16 = 85:15).  Data 15: Rf = 0.63 
(7:3 toluene/EtOAc); l H  NMR (CDCl3) 6 5.83-5.74 (m, H-3, H - 4 1 ,  5.36-5.20 
(m, H-21, 5.00-4.84 (m, H - 1 1 ,  4.31-3.97 (m, H-5, H-6, H-6'1, 3.69-3.37 
( m ,  CH2), 2.07 (s, O A c ) ,  1.26-1.12 ( t ,  CH3); '3C NMR (CDCl3) 6 169.78 
( O A c ) ,  131.69 (C-41, 126.80 (C-31, 99.67 ( C - 1 1 ,  73.90 (C-51, 71.18 
(C-21, 64.87 (C-61, 60.54 ( C H z ) ,  21.71 ( O A C ) ,  14.99 (CH3); '3C NMR 

(CDCl3) 6 128.25 (C-31, 127.28 ( C - 2 1 ,  93.99 ( C - l ) ,  60.54 (CH21, 16-01 
( C H 3 ) ;  MS ( C I  - C H 4 )  m/z 214 (11.251, 213 (MH' -HOCHzCH3, l o o % ) ,  171 (MH+ 

139 (7,651, 1 1 1  (36.1%); MS ( H R E I )  c a l c .  f o r  CloH1305 (M+-OCH2CH3) 
213.0790, found 213.0755; C8Hg03 (M+ -HOAc -0CH2CH3) 153.0552, found 
153.0546; [a165 '11.75 (C 0.281, CHC13). 

- HOCH2CH3 - CH2C0, 5.421, 154 (9.181, 153 (MH' -HoCH2CH3 -HOAc,  96 .8%) ,  

17. Using B - ( t r i m e t h y l s i l y l )  e t h a n o l  as t h e  r e a c t i o n  s o l v e n t  
gave a mixture of 17 and 18 (613 mg, 75%).  Data f o r  17 (from the 

mixture) :  

H-3, H - 4 1 ,  5.28-5.01 (m, H-21, 4.91=4.85 (m, H - 1 1 ,  4.29-3.76 (m, H-5, 
H-6, H-6'1, 3.69-3.53 ( b r t ,  O - C H z ) ,  1.99, 1.97 ( 9 ,  O A c )  0.97-0.81 ( b r t ,  

CHz-Si) and 0.00 (s, Si(CH3)3);  l3C NMR (CDCl3) 6 169.05 ( O A C )  130.97 

(C-41 ,  127.59 (C-31, 99.51 ( C - I ) ,  73.87 (C-51, 71.35 ( C - 2 ) ,  64.95 (C-61, 
60.22 (0 -CHz-C) ,  22.88 ( O A C ) ,  19.05 ( C - C H 2 - S i ) ,  -0.407 (Si(CH313); MS 

Rp - 0.76 (7:3 toluene/EtOAc); l H  NMR (CDCl3) 6 5.79-5.61 (m, 

( C I  -CH4)  m/z 214 (1151, 213 (MH+ -HOCH2CH2Si(CH3)3, 99.181, 171 ( M H +  

-HOCH2CH2Si(CH3)3-CH$O, 1 1  . l % ) ,  154 (9.581, 153 (MH' -OCH2CH2Si(CH3)3 

-HOAc,  100%) and 139 (7 .4%) ;  I R  (CHC13) 2960, 2900, 1750, 1730, 1650, 
1380, 1270, 1050, 1040, 870,  and 845;  +2.495 ( c  0.310) .  

Following t he  a lkoxypa l l ada t ion  rearrangement procedure,  a s o l u t i o n  of 
Methoxypalladation Rearrangement of 6 -Subs t i t u t ed  Glycals .  
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PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE 61 

each glycal (0.05 mmol-0.5 rnmol) and PdC12 (0.50 eq) in methanol (0.5 
mL) was stirred for 3.5 h at room temperature. Subsequent reaction at 
-5 OC for 1 h with NaBH3CN (1-1.4 eq) followed by cold workup afforded 
products listed below. 

From 3,4-di-O-acetyl-D-glucal (3) was obtained methyl 
2-0-acetyl-~,4-dideoxy-a-D-erythro-hex-~-enopyranoside - (19) (23 
rng, 61%). 
(CDCl3) 6 6.29 (brs, H-3, H-41, 4.97-4.78 ( r n ,  H-2), 4.36-4.30 (d, J=5.5 
Hz, H-l), 4.36-4.24 (m, H-5), 3.87-3.60 (m, H-6, H-6'). 3.30, 3.29 (s, 
OMe) 2.35 (brs, OH), and 2.09, 2.06 (3,  OAc); I R  (CHC13) 3440, 2960, 
2930, 1740, 1605, 1500, 1460, 1450, 1430, 1380, 1250, 1210, 1150, 1110, 
1040, 1010 and 930 crn-l; MS (CI-CH4) m/z 203 (MH+, l.O%), 153 (39%), 112 
(7.8%), 1 1 1  

-CH3CO) 159.0657, found 159.0654; calc. for C7H10O3 (M+ - HOAc) 
142.0630, found 142.0631; [a ]g5  +3.237" (C 0.0748, CHC13). 

Data for 19: Rf = 0.35 (7:3 toluene/EtOAc); lH NMR 

(MH+ -HOAC -HOCH3, 100%); MS (HREI) CalC. for C7H11O4 (M+ 

From 3,4-di-P-acetyl-6-0-methly-D-glucal (4) was obtained methyl-2-0- 
acetyl-6-0-methyl-~,4,-dideoxy-a-D-erythro-hex-~-enopyrano~ide - (20) 

(84 mg, 100%). Data for 20: 

5.94-5.76 (m, H-2), 4.89 (brs, H-1 1, 4.72-4.66 (m, H-5), 4.45-4.13 (m, H-6, 
lH NMR (CDCl3) 6 6.36-6.07 (m, H-3, H-41, 

H-6'1, 3.71, 3.5 (9, 5CH3), 2.12 ( 5 ,  OAC); '3C NMR (50.3 MHz, CDClj) 6 171.20 
( O A c )  129.88 (C-41, 126.57 (C-31, 95.49 (C -11 ,  73.48 (C-6). 69.57 (C-2) 62.54 
(E-51,  56.11 (OCH3). 29.70 (OAc); MS (CI-CH4) m/z 215 (MH+ 6.1%). 201 (16x1, 
187 (27x1, 173 (1711, 171 (1311, 159 (3121, 155 (12%), 153 (13%), 151 (581, 
147 (9x1, 145 (55x1 ,  143 ( 9 4 1 1 ,  141 (32%), 140 (16%). 

From 3,4,-di-0-acetyl-6-azido-6-deoxy-D-glucal (6) was obtained 
methyl 2-~-acetyl-6-azido-~,4,6-trideoxy-a-D-erythro-hex-~-eno- 
pyranoside (21) (104 mg, 80%) along with recovered 6 (23 mg, 20%). 
Data for 21 (from the mixture): 
(CDCl3) 6 5.85-5.71 (m, H-3, H-41, 5.33-5.23 (dd, J=5 Hz, 5 Hz, H-21, 

2.07 (s,  OAc); '3C NMR (125 MHz, CDCl3) 6 171.20 (OAC), 131.19 (C-41, 127.61 

Rf = 0.75 (7:3 toluene/EtOAc); lH NMR 

4.79-4.76 (d, J=3 Hz, H-21, 3.46-3.36 (m, H-5, H-6, H-6'). 3.27 ( S ,  OMe) and 

(c-31, 98.94 (c-I), 74.69 (c-5), 67.89 (c-21, 52.71 (OCH3), 49.99 (C-61, 
20.95 (OAc); MS (CI - CH4) rn/z 228 (MH+, 1.721, 200 (MH' -N2, 22.2%), 185 
MH+-HN3, 12.8%), 170 (MI? -N2 -OCH3, 11.2%), 169 (MH+ "2 -HOCH3, 9.8%), 168 

(MH' - HOAc, 97-82], 153 (MH' -HOCH3 -OAc, 9.9%), 141 

140 (MH' -N2 -HOAc, 43.4%), 136 (MH+ -HOAc-HOCH3, 26.421, 126 (MH' -N2 
-HOCH3 -CHzCO, loo%), 125 (MH' "2 -HOCH3 -CH3COI 19.381, 110 (MH+ -N2 

(MH+ -N2 -OAc, 9.1%), 
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62 DUNKERTON ET AL.  

-0Ac -OCH3, 11.451, 108 (MH' -N2 -1IOAc -HOCH3, 15.2%); MS (HRCI) calc. 
for CgH14N04 (MH+ -N2) 200.0950, found 220.0927; MS (HREI) calc. for 

CgH14N04 200.0923, found 200.0927; [ a ] ~ ~ ~  -5.57O (c 0.0151, CHC1-j) 
CgH130~ (M+ -N3) 185.0814, found 185.0693; MS (HRCI) CalC. for MH' "2 

From 3,4,6-trl-O-acetyl-D-galactal ( 7 )  was obtained methyl- 
2,6-di-0-acetyl-~,4-dideoxy-u-D-threo-hex-~-enopyranoside - (22) 
(32 mg, 56%), along with 23 (7%) and unreacted 7 (7%). Data for 
22 (from the mixture): 
OCH3), 4.83 (d, J=3 Hz, H-11, 5.02 ( m ,  H-21, 5.78 (d, J=8.5 Hz, H-31, 
5.82 (brs, H-41, 4.23 ( m ,  H-51, 4.15 (brs, 2H, H-6,6'), 2.09 (3, OAc); 

(c-11, 73.5 (c-51, 70.8 (c-61, 64.9 (C-21, 52.5 (OCH31, 20.7; IR (CHC13) 

Rf = 0.6; lH NMR (CDCl3) 6 3.30 (s ,  3H, 

l3C NMR (20 MHz, CDCl3) 6 170 (OAC); 131.2 (C-41, 128.5 (C-31, 101.3 

1720, 1225, 1040, cm-l; MS (CI-CH4) 245 (MH', lo%), 213 (MH+-CH30H, 
51$), 185 (MH'-AcOH, 8%), 171 (421, 153 (213-AcOH, 521, 143 ( I % ) ,  125 
(2%), MS HREI calc. for CllH1606: 244.0954, found 244.0947. 

From 3,4-di-0-acetyl-6-cyano-6-deoxy-D-glucal (8) was obtained 
methyl 4-~-acety~-6-cyano-~,~,6-trideoxy-a-D-erythro-hex-2-enopyran- 
oside (24) (7 mg, 80%) along with unreacted 8 (2 mg, 20%). Data 
f o r  24 (from the mixture): 
(CDCl3) 6 5.84-5.70 (m, H-3, H-41, 5.37-5.17 ( m ,  H-21, 4.96-4.73 ( m ,  
H-11, 4.35-3.84 ( m ,  H-5, H-6, H-6'1, 3.27 (3, OCH3) and 2.08 (9, OAc); 
l3C NMR (125 MHz, CDCl3) 6 170.70 (OAC), 130.33 (C-4), 128.32 (C-31, 
98.00 (C-11, 72.48 (C-51, 65.79 (C-21, 35.82 (C-61, 52.62 (OCH31, 20.59 

1240 and 1050 cm-l; MS (CI-CH4) m/z 213 (MH+, loo%), 185 (MH' -HCN, 
9.6%), 180 (MH' -HOCH3, 13%), 153 (MH+ - OAC, 26.3%), 152 (MH' -HOAc, 
lo.%), 143 (MH+ -HCN -CH2CO, 8.6%), and 1 1  1 (MH+ -HCN -HOCH3 -CHzCO, 
6.4%); MS (HREI) calc. for CloH1304 (M+-CN) 185.0814, found 185.0814, 
calc. for C8Hg03 (M' -HCN -OCH3) 153.0552, found 153.0603; [a165 

Rf = 0.66 (7:3 toluene/EtOAc); lH NMR 

(OAC); IR (CHC13) 2960, 2920, 2860 and 2830, 1740, 1655, 1650, 1370, 

'1.13' (c 0.032, CHC13). 
From 3,4-di-O-acetyl-D-xylal - (11) was obtained methyl-4-0- 

acetyl-2,~-dideoxy-a-D-glycero-pent-2-enopyranoside (25) (115 
mg, 50%) along with recovered 11 (115 mg, 50%). The product 25 
was identical to an authentic sample prepared using BF3-Et20 in methanol 
on the basis of its TLC and lH NMR data. Data for 25: Rf = 0.64 
(7:3 toluene/EtOAc); 'H NMR (500 MHz, CDClj) 6 6.09-6.05 (ddd, J=10 Hz, 
5 Hz, 1.2 Hz, H-3), 6.04-6.01 (ddd, J=10 Hz, 2.9 Hz, 0.5 Hz, H-21, 
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PALLADIUM 

4.89-4.84 

Hz, 3 Hz, 
and 2.09 

PROMOTED ALLYLIC REARRANGEMENT ROUTE 6 3  

(ddd, J=2.9 Hz, 1.2 H z ,  1 Hz, H - 1 1 ,  4.15-4.09 (ddddd, 5 ~ 1 2 . 5  

1 Hz, 0.5 H z ,  H - 4 1 ,  3.90-3.75 ( m ,  H-5, H-5'), 3.43 (3, OCH3) 

3, O A C ) ;  [a]g5 +7.85 ( C  0.267, CHC13). 

From 3.4-di-0-acetyl-L-rhamal (12)  was obtained methyl 4-0- - - 
acetyl-2,3,6-trideoxy-~-L-erythro-hex-2-enopyranoside (26)  (440  

mg, 100%) which was i d e n t i c a l  t o  t h a t  prepared us ing  BF3-Et20 i n  
methanol. 
MHz, CDCl3) 6 5.81-5.76 (b rd ,  J=10 Hz, H-3), 5.75-5.72 (ddd ,  J=10 Hz, 

H - 4 ) .  4.79 ( b r s ,  H - 1 1 ,  3.90-3.85 (dq, J-10 Hz, 6 Hz, H-5), 3.37 ( s ,  

OCH3), 2.02 ( 8 ,  O A c )  and 1.17-1.16 ( d ,  J=6  Hz, H-6); l3C NMR (CDCl3) 6 

170.2 ( O A c ) ,  129.5 (C-31, 127.4 (C-2) 95.2 ( C - 1 1 ,  70.8 ( C - Q ) ,  64.7 
(C-5), 55.6 (OCH3), 21.0 ( O A c )  and 17.9 (C-6); MS ( C I - C H 4 )  m/z 215 ( M +  + 

l o o % ) ,  127 ( M H +  -HOAc,  52.8%) and 55 (MH+ -HOCH3 -HOAc,  28.8%); [ a l p  
-27.7O ( C  0.216, CHC13). 

Data f o r  26: Rf = 0.73 (7:3 toluene/EtOAc); l H  NMR (500 

2.5 Hz, 1.7 H z ,  H-21, 5.00-4.95 (dddd, J=10 Hz, 3 H z ,  1.7 Hz, 1.2 H z ,  

C2H5, 30.7%),  187 (MH', 10 .5%) ,  173 (3181, 156 (9x1, 155 (MH+ -HOCH3, 

AC KNOWLE DCEME NT 

Support  f o r  t h i s  research from the Nat ional  Cancer I n s t i t u t e  ( C A  

21162),  the American Cancer S o c i e t y ,  and Southern I l l i n o i s  Un ive r s i ty  is 

g r a t e f u l l y  acknowledged. A generous loan  of palladium chloride was 

provided from Engelhard I n d u s t r i e s .  Several spec t roscop ic  f a c i l i t i e s ,  

t h e i r  funding agenc ie s ,  and s t a f f  personnel  are acknowledged as fo l lows :  
Southern C a l i f o r n i a  Regional Nuclear Magnetic Resident Spectrometry 

F a c i l i t y  a t  the C a l i f o r n i a  I n s t u t u t e  of  Technology (NSF),  D r .  W i l l i a m  

Croasman; Purdue Universi ty  Biomagnetic Resonances Laboratory ( N I H ) ,  Dr. 
W. M. Westler; Southern I l l i n o i s  Un ive r s i ty  a t  Carbondale N M R  F a c i l i t y ;  

Midwest Center f o r  Mass Spectrometry,  Department of  Chemistry, 

Un ive r s i ty  of Nebraska (NSF),  D r .  Ken Tomar; Mass Spectrometry 
Laboratory,  Un ive r s i ty  of  I l l i n o i s ,  School of Chemical Sc iences  ( N I H  CM 

27029), D r .  J. C.  Cook, J r . ;  Mass Spectrometry Laboratory,  Department of 
P s y c h i a t r y ,  Washington Un ive r s i ty  School of Nedicine ( N I H ) ,  D r .  D. M. 

B ie r ,  M. D. and Richard Burger;  Mass Spectrometry Laboroatory , Coal 

Research Center ,  Southern I l l i n o i s  Un ive r s i ty  a t  Carbondale ( D O E ) ,  Ken 
WalSh; and Mass Spectrometry Laboratory,  Un ive r s i ty  of  Southern 

C a l i f o r n i a  (NSF).  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



64 

REFERENCES AND FOOTNOTES 

DUNKERTON E T  A L .  

1 .  

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

9.  

Palladium-Assisted Carbohydrate React ions 4. For p a r t  3 see 
L.  V .  Dunkerton, J .  M. Euske, and A .  J .  S e r i n o ,  Carb. Res. 
- 1987, 170, 000. Pre l imina ry  r e s u l t s  were r epor t ed  by L .  V .  
Dunkerton, K. T .  Brady, and F. Mohamed, "Abstracts of Papers",  
182nd Nat ional  Meeting of the American Chemical S o c i e t y ,  New 
York, Aug. 1981, Carb. 19.  

Un ive r s i ty  of Southern C a l i f o r n i a ,  Los Angeles, CA 90007. 

Part of t h i s  work was taken from K. T.  Brady, Ph.D. Thesis ,  
Un ive r s i ty  of Southern C a l i f o r n i a ,  1982; Current  addres s  Amvac 
Corp., Los Angeles, CA. 

R. F. Heck,  Palladium Reagents 2 Organic S y n t h e s i s ,  Academic 
Press, New York, New York, 1985, Chapter 3. 

L .  E .  Overman, Angew Chem. I n t .  Ed. Engl. ,  23, 579 (1984).  

R.  P .  Lutz ,  Chem. Rev. 84 ,  205 (1984).  

E .  Curzon, B. T. Golding, C.  P i e r p o i n t ,  and B.  W. Waters, J- 
Organomet. Chem., 262, 263 (1984) .  

P .  A .  Bart le t t  and L. A .  McQuaid, J. Am. Chem. SOC., 106, 7854 
( 1  984 I .  

---- 

M. Mizutani and V .  Sanemitsu,  J. Org. Chern., 50 ,  764 (1985).  

10. Y.  Yamada, G .  Suzukamo, and H. Yoshioka, Tet. Letters, 25, 3599 
(1984 1. 

1 1 .  A .  C. Oehlschlager ,  P .  Mishra ,  and S.  Dharni, Can. J .  Chem., 
62, 791 (1984).  

12. T .  Hayashi, A .  Yamarnoto, and T. Hagihara,  J. Org. Chem., 51,  
723 (1986).  

13. T .  C. Schenck and B.  Bosnich, J. Am. Chem. SOC.,  107, 2058 
( 1  985 ) . 

14. P .  R .  Auburn, J .  Whelan, and B.  Bosnich, Organometal l ics ,  5 ,  
1533 (1986).  

15. J.  E. BClckvall, R .  E. Nordberg, and D. Wilhelm, J. Am. 
Chem. SOC., 107, 6892 (19851. -- 

16. A .  Rosenthal and D. Read, Methods i n  Carbohyd. Chem. 2, 405 - 
(1963).  

17. F. Weygand, E, 1 ,  182 (1962) .  

18. I. D. Blackburne,  P .  M. F r e d e r i c k s ,  and R. D. Guthr ie ,  w. 
J .  Chem., 29,  38 (1976).  -- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



PALLADIUM PROMOTED ALLYLIC REARRANGEMENT ROUTE 65 

19. J. S. Brimacombe, I. D. Aboul, and L. C. N. Tucker, Carb. 
Res., 276 (1971 1. - 

20. Y. Nakahara, K. Beppu, and T. Ogawa, Tet. Lett., 3197 (1981 ) .  

21. M. Chmielewski, A. Banaszek, A. Zamojski, and H. Adamowicz, 
Carb. Res., 83, 3 (1980). -- 

22. L. V. Dunkerton, K. T. Brady, and F. Mohamed, Tet. Letters, 
23, 599 (1982) and ref. 3-11 therein. 

23. Authentic methyl 2,3-dideoxy-hex-2-enopyranoside methoxy- 
palladation products were recovered unchanged when resubjected 
to the reaction conditions. 
between Pd(PPh3)4 and methyl-4,6-di-i-acetyl-2,3,-dideoxy- 
a-D-erythro-hex-2-enopyranoside. 

24. R. D. Guthrie and C. J. Williams, J. Chem. SOC. Perkin I, 2619 

Also, 30 reaction was observed 

( 1  972 1. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


