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REDUCTIONS OF METHYL 2,3-DI-~-BENZYL-4-DEOXY-B-L-THREO- -- - 
HEX-4-ENODIALDOPY M O S I D  E 

* 
Robert M. Giuliano and John H. Buzby 

Department of Chemistry 
Villanova University, Villanova, PA 19085 

Received May 4, 1987  - F i n a l  Form August 3, 1987 

ABSTRACT 

Selective reductions of the aldehyde and alkene functionalities 
in methyl 2,3-di-~-benzyl-4-deoxy-~-L-threo-hex-4-enodialdopyranoside 
(k) are described. 
from methyl a-D-glucopyranoside. 
double bond in=A gave either methyl 2,3-di-~-benzyl-4-deoxy-a-D-xylo- 
hexodialdopyranoside (5) or methyl 2,3-di-~-benzyl-4-deoxy-$-~=arabino- 
hexodialdopyranoside (lo) in high stereoselectivity dependingon the 
reaction conditions. The a-D-xylo product is a suitable precursor to 
higher-carbon sugars extendez at the 5-6 position. Reduction of both 
products with sodium borohydride gave the corresponding saturated al- 
cohols 12 and 2. 
with diisobutylaluminum hydride to give allylic alcohol 2 which was 
hydrogenated to give, unexpectedly, alcohol 12 as the only product. 

The title compouzd was synthesized in six steps 
Catalytic reduction of the 5-4 - 2-5 

The aldehyde group in the title compound was reduced 

INTRODUCTION 

Our,recent studiesdof the Diels-Alder reactions of dieno-pyrano- 
1 sides required the preparation of the a,B-unsaturated aldehydes L-5. 

These enodialdohexopyranosides were prepared by treatment of 4-methane- 

sulfonate esters of suitably protected sugars with sulfur trioxide- 

pyridine complex in DMSO, under conditions described by Perlin' (vJe 

infra). The use of 6-aldehydo sugar derivatives in the synthesis of 

chain-extended carbohydrates 3-5 prompted us to investigate the selec- 
tive reductions of the double bond and aldehyde functionalities in the 
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542 G I U L I A N O  AND BUZBY 

t i t l e  compound k. 
convenient  s y n t h e s i s  of methyl 2,3-di-~-benzyl-4-deoxy-a-~-xylo-hexo- 

I n  t h e  c o u r s e  of t h i s  s t u d y ,  w e  have developed  a 

bMe p Me Me 9 Me Me 9 Bn Me 

I 2 3 4 

d ia ldopyranos ide  5. Since  5 is deoxygenated a t  2-4, i t  may s e r v e  a s  a 

p r e c u r s o r  t o  t h e  ca rbohydra t e  component of t h e  n u c l e o s i d e  a n t i b i o t i c  

amipurimycin,6 a s  sugges t ed  by r e t r o s y n t h e t i c  a n a l y s i s  (Scheme 1) , and 

t h e  r e c e n t  work of Czernecki  on t h e  cyano-amination of d i a ldohexose  der -  

i v a t i v e s . 7  

d e r i v a t i v e s  of  k are d e s c r i b e d  below. 

The s y n t h e s i s  of 5 and t h e  p r e p a r a t i o n  of o t h e r  reduced  

RESULTS AND DISCUSSION 

The s y n t h e s i s  of from methyl  2,3-di-g-benzyl-4,6-g-benzylidene- 

9 

8 
a-;-glucopyranoside 6 i s  shown i n  Scheme 2 .  

i d e n e  acetal  i n  & w i t h  2 - t o l u e n e s u l f o n i c  a c i d  i n  e t h a n o l  gave d i o l  7. 
S e l e c t i v e  p r o t e c t i o n  of  t h e  pr imary  hydroxyl  group i n  7 a s  a t r i t y l  

e t h e r  and treatment of t h e  c rude  p roduc t  w i t h  me thanesu l fony l  c h l o r i d e  

gave 8 from which t h e  t r i t y l  group w a s  removed w i t h  d i l u t e  a c i d  t o  g i v e  

c r y s t a l l i n e  mesy la t e  9. 

Cleavage of t h e  benzyl- 

SCHEME 1 
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SELECTIVE REDUCTIONS 543 

Bn 
H+ 1.Tr C1, Me Py 

2 MsCl 1 
is"' PY 

Bn DMSO 
NEt3 Me Me 

8 

SCHFME 2 

Oxidat ion of 9 wi th  s u l f u r  t r i ox ide -pyr id ine  complex w a s  accompanied 

by e l i m i n a t i o n  of t h e  4-methanesulfonate group t o  g i v e  a ,@-unsa tu ra t ed  

aldehyde 4 i n  83% y i e l d  (27% o v e r a l l  from 7). The sequence l e a d i n g  

from 7 t o  4 is  gene ra l  and w a s  used t o  p repa re  compounds L-2 w i t h  only 

s l i g h t  mod i f i ca t ions .  

C a t a l y t i c  hydrogenation of w a s  a t tempted under 1 a t m  (ba l loon)  

of hydrogen i n  t h e  presence of v a r i o u s  c a t a l y s t s  and s o l v e n t s .  With 

10% palladium on carbon as t h e  c a t a l y s t ,  a complex mixture  which con- 

t a i n e d  p roduc t s  r e s u l t i n g  from reduc t ion  of t h e  double bond and 

debenzylat ion w a s  obtained.  S e l e c t i v e  hydrogenation of t h e  54-55 

double bond w a s  achieved us ing  5% palladium on barium ca rbona te  as t h e  

c a t a l y s t  and e t h y l  acetate as t h e  s o l v e n t  (Scheme 3 ) .  Two d i a s t e r e o -  

meric aldehydes,  r e s u l t i n g  from t h e  a d d i t i o n  of hydrogen t o  e i t h e r  t h e  

a o r  

could be ob ta ined  s e l e c t i v e l y  depending on t h e  cond i t ions .  Aldehyde 

10, having t h e  6-h conf igu ra t ion ,  w a s  i s o l a t e d  i n  82% y i e l d  a f t e r  a 

r e a c t i o n  t i m e  of 40 minutes ,  a long w i t h  only traces of d i a s t e reomer i c  

aldehyde 5. 
of sodium carbonate ,  a mix tu re  of aldehydes c o n s i s t i n g  of a 16.5: l  r a t i o  

of 5 t o  g w a s  i s o l a t e d  i n  77% y i e l d .  These r e s u l t s  suggest  that reduc- 

@-face of 6, were formed i n  t h e  r e a c t i o n ;  however, e i t h e r  product  

- - 

When t h e  r e a c t i o n  w a s  conducted f o r  3 days i n  t h e  presence 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



5 44 GIULIANO AND BUZBY 

4 -  a QMe i- 

I 
5 

1""" I b  

&Bn 
11 b 0 n  

12 

Me 

10 bBn 

l b  
qMe 

a:Hz ,S0/~Pd/BaC0,,EtOAc b: NaBH, c:DlBAL 

SCHENE 3 

t i o n  of 4 occur s  from t h e  less h indered  B-face t o  g i v e  10 as  t h e  k i n e t i c  

p roduc t ,  and that e p i m e r i z a t i o n  of t a k e s  p l a c e  a t  l o n g e r  r e a c t i o n  

times t o  g i v e  t h e  more s t a b l e  isomer 5. The d i a s t e r e o m e r i c  a ldehydes  

- 5 and 10 are r e a d i l y  d i s t i n g u i s h e d  by 'H-NMR spec t roscopy  a t  200 MHz. 

The spectrum of 5 e x h i b i t s  a s i g n a l  f o r  t h e  H-4 axial  p r o t o n  a t  61.47 

that is coupled trans d i a x i a l l y  t o  both  H-5 and H-3 w i t h  2 v a l u e s  of 

11.1 and 1 2 . 7 ,  r e s p e c t i v e l y .  A t h i r d  l a r g e  coup l ing  c o n s t a n t  i s  

observed  f o r  J 

i n  t h e  spec t rum of 10 as w e l l  a s  d i f f e r e n t  chemica l  s h i f t s  € o r  n e a r l y  

a l l  pro tons .  
D-xylo and &=-arabino a l c o h o l s ,  ( 1 2 )  and (13), w i t h  sodium borohydr ide  i n  

methanol . 

i n  5. Smal le r  v a l u e s  are observed  f o r  t h e s e  coup l ings  -2,3 

Aldehydes 2 and E w e r e  reduced t o  t h e  cor responding  

=i 

S e l e c t i v e  r e d u c t i o n  of t h e  a ldehyde  f u n c t i o n a l i t y  i n  proved 

d i f f i c u l t  owing t o  t h e  i n s t a b i l i t y  of t h e  p roduc t .  A l l y l i c  a l c o h o l  11 
w a s  o b t a i n e d  i n  y i e l d s  of 20-30% by t r ea tmen t  of 5 with  e i t h e r  sodium 

borohydride i n  methanol o r  d i i sobuty la luminum hydr ide  i n  to luene .  Cata- 

l y t i c  hydrogenat ion  of 11, c a r r i e d  o u t  as d e s c r i b e d  above f o r  t h e  reduc- 
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SELECTIVE REDUCTIONS 545 

t i o n  of 

i d e n t i c a l  w i t h  t h a t  of 12. 
s t e r e o s e l e c t i v i t y  of t h e  r e d u c t i o n  of G w a s  expec ted  t o  be s imilar  t o  

t h a t  of 6; namely, t h a t  which r e s u l t s  from t h e  a d d i t i o n  of hydrogen t o  

t h e  8-face. The complete absence  of 13 from t h e  r e a c t i o n  product  sug- 

g e s t s  t h a t  11 e x h i b i t s  a l a r g e  p r e f e r e n c e  f o r  t h e  a d d i t i o n  of hydrogen 

t o  t h e  o p p o s i t e ,  a-face.  In  view of t h e  a n t i c i p a t e d  s t e r i c  h ind rance  

of t h e  a x i a l  methoxyl group toward a d d i t i o n  t o  the  a-face of 11, i t  i s  

d i f f i c u l t  t o  r a t i o n a l i z e  t h e  e x c l u s i v e  format ion  of 12 i n  t h e  r educ t ion .  

I n  conc lus ion ,  enodia ldopyranos ide  6, s y n t h e s i z e d  i n  s i x  s t e p s  from 

t o  lo, gave a s i n g l e  product  whose 'H-NMR spectrum w a s  

This  r e s u l t  w a s  s u r p r i s i n g ,  s i n c e  t h e  

methyl a-r)-glucopyranoside, underwent s e l e c t i v e  1 , 2  and 1 ,4 - r educ t ions  

of t h e  e n a l  f u n c t i o n a l i t y .  Aldehyde 5, ob ta ined  by c a t a l y t i c  hydrogena- 

t i o n  of 4 under b a s i c  c o n d i t i o n s ,  i s  a well-developed p r e c u r s o r  t o  

higher-carbon s u g a r s  deoxygenated a t  c-4.  

EXPERIMENTAL 

General Procedures .  Mel t ing  p o i n t s  were determined on a Thomas- 

Hoover m e l t i n g  p o i n t  a p p a r a t u s  and are r e p o r t e d  uncor rec t ed .  I n f r a r e d  

s p e c t r a  were recorded  on a Perkin-Elmer 299 i n f r a r e d  spec t rophotometer  

o r  an Ana lec t  FX-6130 i n f r a r e d  spec t rophotometer .  'H-NMR s p e c t r a  were 

recorded  on a Var ian  XL-200 spec t romete r  a t  200.05 MHz. l3C-NMR s p e c t r a  

w e r e  recorded  on a Var ian  XL-200 a t  50.3 MHz w i t h  comple te  p ro ton  de- 

coupl ing .  Coupling d a t a  f o r  13C-NMR s p e c t r a  w e r e  recorded  u s i n g  t h e  

g a t e d  decoupl ing  2-pulse sequence wi th  a n  a c q u i s i t i o n  time of 0.5 s e c  

and a d e l a y  of 0.75 sec. Chemical s h i f t s  f o r  'H r e sonances  were recorded  

r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  (0 .0)  , deu te r ioch lo ro fo rm (7.27) , o r  deut -  

e r iobenzene  (7.27). Chemical s h i f t s  f o r  I3C-NMR were recorded  r e l a t i v e  t o  

t e t r a m e t h y l s i l a n e  (O.O), deuterdochloroform (76.91),  o r  deu te r iobenzene  

(128.5).  

t r o m e t e r .  

spec t romete r  a t  t h e  Mass Spec t rometry  Center, U n i v e r s i t y  of Pennsylvania .  

O p t i c a l  r o t a t i o n s  w e r e  determined w i t h  a Perkin-Elmer 241 p o l a r i m e t e r  a t  

room tempera tu re .  

which c o n s i s t e d  of a Beclanan 163 v a r i a b l e  wavelength  d e t e c t o r  set  a t  

254nm, a Beclanan 110-B s o l v e n t  d e l i v e r y  module, and a Kipp and Zonen 

r e c o r d e r .  A n a l y t i c a l  columns (4.6 mm x 25 cm) were reverse phase and 

Mass s p e c t r a  were recorded  on a Hewlett-Packard 5982-A spec- 

High r e s o l u t i o n  mass s p e c t r a  were reco rded  on a VG-7070H 

Liquid  chromatography w a s  performed u s i n g  a sys tem 
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546 G I U L I A N O  AND BUZBY 

contained Beckman Ul t r a sphe re  ODS as t h e  s t a t i o n a r y  phase. The p rogres s  

of r e a c t i o n s  w a s  monitored by t h i n - l a y e r  chromatography us ing  aluminum 

supported p l a t e s  of s i l ica g e l  60 (0.2 mm, F-254, E. Merck). Solvent 

systems c o n s i s t e d  of e t h y l  acetate and petroleum e t h e r  i n  vo1ume:volume 

r a t i o s  as  i n d i c a t e d  fo l lowing  t h e  Rf va lue .  

by obse rva t ion  under s h o r t  wavelength u l t r a v i o l e t  l i g h t ,  spraying wi th  

concentrated s u l f u r i c  a c i d ,  and c h a r r i n g  w i t h  a h e a t  gun. F l a s h  chrom- 

atography w a s  performed on s i l i c a  60 (230-400 mesh) o r  f l o r i s i l  (60-100 

mesh). Chloroform and dichloromethane were d r i e d  by pass ing  through a 

column of b a s i c  alumina (Woelm, a c t i v i t y  1 ) .  Tetrahydrofuran w a s  d i s -  

t i l l e d  from calcium hydride;  methanol was d r i e d  by d i s t i l l a t i o n  from 

magnesium; p y r i d i n e  w a s  d r i e d  by d i s t i l l a t i o n  from barium oxide;  benzene 

w a s  d r i e d  by d i s t i l l a t i o n  from sodium benzophenone; d ime thy l su l fox ide  

w a s  d r i e d  by vacuum d i s t i l l a t i o n  from calcium hydride;  and t r i e t h y l -  

amine w a s  d r i e d  by d i s t i l l a t i o n  from barium oxide.  

Methyl 2,3-di-O-benzyl~-~-glucopyranoside 1. 

Components were d e t e c t e d  

A mixture  of 2 
(7.15 g,  1 5 . 5 m o l ) ,  e t h a n o l  (12OmL), and p - to luenesu l fon ic  a c i d  mono- 

hydra t e  (0.04 g ,  0.2 mmol) w a s  s t i r r e d  under r e f l u x  f o r  18 h ( o i l  ba th ,  

85-90°C). 

funne l  w i t h  chloroform (200 mL). The o r g a n i c  l a y e r  w a s  washed w i t h  sat- 

u r a t e d  sodium hydrogen ca rbona te  s o l u t i o n  (150 mL), water (150 mL) , d r i e d  

wi th  anhydrous sodium s u l f a t e ,  and concentrated under reduced p res su re  to  

a f f o r d  a crude syrup contaminated wi th  benzaldehyde. 

w a s  taken up i n  a small amount of e t h y l  acetate and c r y s t a l l i z e d  by add- 

i n g l o w b o i l i n g p e t . e t h e r ; y i e l d ,  4.36 g (75%). 

79OC, lit.' 79-80°C. 

3440 (OH). 

OCH3), 3.47 (dd, l H ,  J2,3 = 9.5,  J 

3.69 (br  s, l H ,  H5), 3.82 ( b r  s ,  2H, H6), 4.01 (dd, l H ,  J = 9.0,  H3), 

4.48 (ABq, ZH, OCI12Ph), 4.59 (d,  l H ,  Hl) ,  4.87 (ABq, 2H, OC€12Ph), 7.00 - 
7.30 (m, 6H, Ph),  7.30-7.40 (m, 4H, Ph). 

6 55.2 (4, OCH3), 62.4 ( t ,  C6), 70.4 (d, C4/C5), 70.7 (d, C4/C5), 73.1 

( t ,  OCH2Ph), - 75.4 ( t ,  OCH2Ph), 79.8 (d, C2/C3), 81.3 (d, C2/C3), 98.2 

(d, C l ) ,  128.0 (Ph),  1 2 8 . 1  (Ph),  128.5 (Ph),  128.6 (Ph),  138.0 (Ph),  

138.7 (Ph).  Found: C ,  

67.52; H, 6 .91.  

The r e a c t i o n  w a s  cooled and t r a n s f e r r e d  t o  a 500mL s e p a r a t o r y  

The crude product  

R f :  0.29 (1:l) mp: 78- 

[a],: +16.5' (c  - 0.279, CHC13). I R  (cm-', f i l m ) :  

'H-NMR (CDC13): 6 2.00-2.80 (br  s, ZH, OH), 3.08 (s, 3H, 

= 3.4, HZ), 3.67 ( m ,  l H ,  H4), 
2 9 1  

334 

'H-coupled I3C-NMR (CDC13): 

Anal. Calcd f o r  C21H2606: C ,  67.36; H, 7.00. 
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SELECTIVE REDUCTIONS 547 

Methyl 2,3-di-O-benzyl-4-0-methanesulfonyl-6-0-triphenylmethyl-a- 

- - D-glucopyranoside 8. To a s o l u t i o n  of 8 (1.1 g ,  2.9 mmol) i n  dry  p y r i -  

d i n e  (50 mL) w a s  added t r ipheny lme thy l  c h l o r i d e  (0.90 g ,  3 .3  mmol), and 

t h e  mixture  w a s  s t i r r e d  a t  room tempera ture  f o r  t h r e e  days .  The reac- 

t i o n  mix tu re  was poured i n t o  c o l d  water (50 mL) i n  a s e p a r a t o r y  f u n n e l  

and w a s  e x t r a c t e d  w i t h  e t h e r  (300 mL). The o rgan ic  l a y e r  w a s  washed 

w i t h  2 .5% hydroch lo r i c  a c i d  s o l u t i o n  (1 x 200 A) ,  s a t u r a t e d  sodium hy- 

drogen ca rbona te  s o l u t i o n  (1 x 200 mL), and water (2 x 100 mL), d r i e d  

w i t h  anhydrous sodium s u l f a t e ,  and c o n c e n t r a t e d  under reduced p r e s s u r e .  

Traces of water and  p y r i d i n e  were removed by a z e o t r o p i n g  w i t h  benzene. 

The c rude  product  w a s  d r i e d  under  vacuum and p u r i f i e d  by f l a s h  chromato- 

graphy t o  g i v e  methyl 2,3-di-~-benzyl-6-~-triphenylmethyl-a-~-gluco- 

pyranos ide  a s  a v i s c o u s  syrup  (1.72 g ,  98%). [a],: 

+ 4.66' ( c  - 0.3,  CHC13) lit.'' +14.5' ( c ,  - 3 ,  CHC13). 

3500 (OH). 

-OCH3), 3.48 - 3.60 (m, 2H, H2/H4) 3.60 - 4.00 (m, 2H, H3/H4), 4.67 (d ,  

7.40 (m, 258, Ph). '8-coupled I3C-NMR (CDC13): 6 55 .1  (9, OCH3), 63.9 

( t ,  C6), 69.9 (d ,  C4/C5), 71.6 (d, C4/C5), 73.1 ( t ,  0Cg2Ph), 75.6 ( t ,  

OCH2Ph), - 19.7  (d ,  C2/C3), 81.6 (d ,  C2/C3), 86.8 (s, OCph3), 98.0 (d,  - 
Cl) , 127.0 (OCPh3), 127.8 (OCPh3), 128.0 (OCH2S), 128.5 (OCH2E), 

128.7 (OCPh3), 138 .2  ( O C H 2 ) ,  138 .8  (OCH2fi), 143.8 (Cph3). 

Calcd f o r  C39H4006: C ,  77.46; H, 6.67. 

p y r i d i n e  (100 mL) a t  O°C w a s  added methanesul fonyl  c h l o r i d e  (3  mL, 39 

nunol) i n  ch loroform (25 mL) over a 20-minute per iod .  The r e a c t i o n  w a s  

s t i r r e d  ove rn igh t  a t  room tempera ture ,  poured i n t o  water (200 mL), and  

e x t r a c t e d  w i t h  e t h e r .  The o r g a n i c  l a y e r  w a s  washed w i t h  5% h y d r o c h l o r i c  

a c i d  s o l u t i o n  (1 x 200 mL), s a t u r a t e d  sodium hydrogen ca rbona te  s o l u t i o n  

(1 x 200 mL), and  water (2 x 150 mL), d r i e d  w i t h  anhydrous sodium s u l -  

f a t e ,  and concen t r a t ed  under  reduced p res su re .  Column chromatography on 

s i l i c a  g e l  a f f o r d e d  z w a s  a whi te  amorphous s o l i d  (4.08 g ,  52%) .  

0.82 (1:3).  mp: 143-144OC. [a],: +20.0° ( c  - 0.195, CHC13). 

f i l m ) :  1360/1180 (-S(=O)2). 

3.26 (dd, l H ,  J = 10.5,  J 

H6') ,  3.51 ( s ,  3H, OCH3), 3.61 (dd ,  lH, J 
3.80 - 4.05 (my 2H,  H 3 , H 5 ) ,  4.43 (dd, 1H,  J = 9.3,  J = 10.1, H4), 

R f :  0 .73  (1:3). 

I R  (cm-l, f i l m ) :  

'H-NMR (CDC13): 6 3.20 - 3.40 (m, 2Hy H6), 3.42 (s ,  3H, 

J = 3.5,  Hl), 4.72 (ABq, 2H, OC€L+Ph), 4.86 (ABq, 2H, OCI12Ph), 7.20 - 
192  

Anal. 

Found: C ,  17.62; H, 6.78. 

To a s t i r r e d  s o l u t i o n  of t h e  6 - 2 - t r i t y l e t h e r  (7.02 g, 1 1 . 4  mmol) i n  

R f :  

'H-NMR (CDC13) : 6 2.52 (s ,  3H, OS02CH3), 

= 6.7, H6), 3.43 (dd ,  1H,  J5,61= 1.9,  

I R  (cm-l, 

696 5 , 6  
= 3.6, J = 9.6, H2), 

192 2Y3 

3Y4 495 
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548 G I U L I A N O  AND BUZBY 

4 .69 (d ,  l H ,  H l ) ,  4.72 (ABq,  2H, J = 12.0 OC€-12Ph), 4.85 (ABq, 2H, OCZ2 

Ph) ,  7.20 - 7.60 (m, 25H, Ph) .  '8-coupled l3C-NMR (CDC13): 6 38.5 ( q ,  

OS02CH3) 55.3 (4 ,  OCH3), 62.8 ( t ,  C6), 68.8 (d ,  C5>,  73.5 ( t ,  OsH2Ph), 

75.7 ( t ,  OCH2Ph-), - 78.1 ( d ,  C4), 79.0 (d ,  C2/C3), 80 .2  (d ,  C2/C3), 86.8 

(s, OC-Ph3), 97.4 ( d ,  C l ) ,  127 .1  (OCPh3), 127.8 (OCPh3), 128.1 (OCH2E),  

128.4 (OCH Ph) ,  128 .5  (OCH2E), 128.8 (OCPh?), 137.8 (OCH2S),  137.9 

(OCH2=), 143.6 (OCPh3). Anal .  Calcd f o r  C H 0 S: C,  70.87; H, 6 .09.  

Found: C ,  70.78; H, 6 .01.  

2- 

41 42 8 

Methyl 2,3-di-0-benzyl-4-0-methanesulfonyl-a-~-glucopyranoside 5. 
A s o l u t i o n  o f  10 (4 .04 g ,  5 . 9  mrnol) and p - t o l u e n e s u l f o n i c  a c i d  (40 mg) 

i n  e t h a n o l  (120 m L )  w a s  s t i r r e d  under  r e f l u x  o v e r n i g h t .  

w a s  t r a n s f e r r e d  t o  a 500 mL s e p a r a t o r y  f u n n e l  and d i l u t e d  w i t h  ch lo ro -  

form (200 I&). 
c a r b o n a t e  (2  x 100 mL), d r i e d  w i t h  anhydrous  sodium s u l f a t e ,  and concen- 

t r a t e d u n d e r  r a d u c e d p r e s s u r e .  C o l u w c h r o m a t o g r a p h y o n  s i l i c a  g e l ( 1 : l e t h y l  

acetate: pe t ro l eum e t h e r )  gave a r e s i d u e  which w a s  c r y s t a l l i z e d  from 

pe t ro l eum e t h e r  (bp 30-6OoC); y i e l d ,  1.62 g (63%) .  R f :  0.3 (1:l). mp: 

83-84OC. [a],: +40.9' ( c  - 0.235,  CHC13). 

1353/1178 (-S(=O)2). 'H-NMR (CDC13): 6 2.80 (s ,  3H, OS02CH3), 3.34 (s, 

3H, OCH3), 3.60 (dd,  IH,  J 

3H, H5,H6), 4.05 (dd ,  l H ,  J = 9 .7 ,  H4), 4 .63  (d ,  l H ,  H l ) ,  4 .71 (ABq, 

2H, J = 12.0 ,  OCH Ph) ,  4.88 (ABq, 2H, J = 11.1, OC€&Ph), 7.33 ( b r  s, 

10H, Ph) .  '8-coupled 13C-NMR (CDC13): 6 38.3 (9, OS02CH3), 55.5 (4 ,  

OCH3), 60.4 ( t ,  C6), 69 .6  (d ,  C5), 73.3 ( t ,  OCH2Ph), 75.7 ( t ,  OCH2Ph), 

77.6 (d ,  C4) ,  78.5 (d ,  C2/C3), 80 .2  (d, C2/C3),  97 .7  (d ,  C l ) ,  127 .8  (Ph) ,  

127.9 (Ph) ,  128.2 (Ph) ,  128.5 (Ph) ,  128.6 (Ph) ,  137 .5  (s ,  Ph) ,  137.9 

(Ph). Anal. Calcd f o r  C H 0 S: C ,  58 .39;  H ,  6 .24 .  Found: C ,  58 .32;  

H, 6 .23 .  

The r e a c t i o n  

The mix tu re  w a s  washed w i t h  s a t u r a t e d  sodium hydrogen 

I R  (em-', f i l m ) :  3540 (OH) ,  

= 9.6 ,  J = 3.5, H2), 3 .68  - 3.97 (m, 
293 291 

4Y3 

-2 

22 28 8 

Methyl 2,3-di-0-benzyl-4-deoxy-8-~-threo-hex-4-enodialdopyranoside 

- 4 .  To a s o l u t i o n  of 10 (2 .50 ,  5 . 5  mmol) i n  d r y  d i m e t h y l s u l f o x i d e  (25  

mL) and  d r y  t r i e t h y l a m i n e  (11 mL, 77 m o l ) ,  s t i r r e d  f o r  20 min,  w a s  add- 

ed s u l f u r  t r i o x i d e  p y r i d i n e  complex (2.60 g ,  16 .4  mmol) i n  d r y  d imethyl -  

s u l f o x i d e  (25  mL). The r e a c t i o n  w a s  s t i r r e d  30 min and t h e n  poured i n t o  

c o l d  water (25 mL) i n  a s e p a r a t o r y  f u n n e l  and  e x t r a c t e d  w i t h  ch loroform.  

The o r g a n i c  e x t r a c t s  were washed w i t h  s a t u r a t e d  t a r t a r i c  a c i d  s o l u t i o n  

(1 x 5 0  mL), s a t u r a t e d  sodium hydrogen c a r b o n a t e  (1 x 50 d), water (1 x 

50 mL), d r i e d  w i t h  anhydrous  sodium s u l f a t e ,  and  c o n c e n t r a t e d  t o  a resi- 
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SELECTIVE REDUCTIONS 549 

due under  reduced  p r e s s u r e .  Column chromatography on s i l i c a  g e l  (1 :3  

e t h y l  a c e t a t e : p e t r o l e u m  e t h e r )  a f f o r d e d  t h e  p roduc t  as a v i s c o u s  syrup  

(1 .63  g ,  83%).  

f i l m ) :  2730 (CHO), 1700 (C = 0 ) ,  1640 (C = C). 'H-NMR (CDC13): 6 3.45 

( s ,  3H, OCH3), 3.80 (dd ,  l H ,  J = 2.57,  J = 8.09 ,  H2), 4 .48 (dd ,  

J 

(d ,  l H ,  H l ) ,  5 .87 (d ,  l H ,  H4), 7 .35 ( b r  s, 10H, Ph) ,  9 .17  ( s ,  l H ,  CHO). 

'H-coupled 13C-NMR (CDC1 ) :  6 57 .0  (9 ,  OCH3), 72.6 ( t ,  OCH2Ph), 73 .2  ( d ,  

C2/C3), 73.5 ( t ,  OgH2Ph), 76.3 (d ,  C2/C3), 99.8 (d ,  C l ) ,  120.6 (dd ,  C4) ,  

127 .8  (Ph) ,  128.0 (Ph) ,  128.0 (Ph) ,  128 .1  (Ph) ,  128.6 (Ph) ,  137.6 (Ph) ,  

137.8 (Ph) ,  148 .3  ( s ,  CS), 186.1 (s ,  C6). C I  - MS, m/z ( r e l a t i v e  i n t e n -  

s i t y ) :  355 (1 ,  M + H),  337 ( 2 ,  M + H-H20), 323 (3 ,  M + H-MeOH), 295 (30,  

M + H-OMe-CHO), 248 (17 ,  M + H-OCH2Ph), 247 (100,  M + H-PhCH20H), 215 

(19 ,  M + H-MeOH-PhCH20H), 187 (M + H-OMe-CHO-PhCH2), 91  (17,  C7H7); 

e x a c t  m a s s  c a l c d  f o r  C H 0 354.1467, found,  354.1454. 

R f :  0 .83  ( 1 : l ) .  ["ID: +147.7O(c - 0.627,  CHC13). I R  (cm-l, 

2 - 1  2 - 3  
= 2.74, H3), 4 .73  (ABq, 2H, OCk12Ph), 4.76 (ABq, 2H, OCE2Ph), 4 .94  

3 , 4  

3 

21 22 5: 
Methyl 2,3-di-0-benzyl-4-deoxy-~-~-arabino-hexodialdopyranoside 10. 

A mix tu re  of k (0 .44 g ,  1 .2  mmol), methanol  (50 mL), and 5% pa l l ad ium on 

bar ium c a r b o n a t e  (0 .88 g)  w a s  s t i r r e d  under  hydrogen ( b a l l o o n )  in a 10 

mL f l a s k  f o r  40 min. The r e a c t i o n  mix tu re  w a s  f i l t e r e d  th rough  c e l i t e  

i n  a s c i n t e r e d  g l a s s  f u n n e l  and c o n c e n t r a t e d  under  reduced  p r e s s u r e  t o  
a f f o r d  a mix tu re  of 5, 4, and 11. Column chromatography on s i l i c a  g e l  

gave p u r e  s a s  a clear c o l o r l e s s  l i q u i d  (0.36 g ,  82%).  

[a],: +13.go(c - 1.84,  CHC13). 

(CDC13): d 1.76 (ddd, l H ,  J4 ,4 ,  = 13.5 ,  J 

2.43 (ddd,  l H ,  J 4 , , 5  = 5.51,  J 4 , , 3  = 4.30, H4') ,  3.48 (dd,  1 H ,  J 

2.60, J 
l H ,  J 

2H, OCIi2Ph), 7 .33 ( b r  s ,  10H, -Ph), 9 .70 (s ,  l H ,  CHO). 

NMR (CDC13): 6 28.0 ( t ,  C4), 57.4 ( 4 ,  -OCH3), 72.0 (d ,  C2/C3/CS), 72.7 

R f :  0.81 ( 1 : l ) .  

I R  (cm-l, f i l m ) ;  1728 (C = 0).  'H-NMR 

= 7.90 ,  J = 5.39 ,  H4), 
493 495 

= 
1 9 2  

= 7.36, H2), 3.54 ( s ,  3H,  OCH3), 3 .78 (ddd,  1H, H3), 4 .16 ( t ,  

= 5.29,  H5), 4.61 ( s ,  2H, OCH,2Ph), 4.72 ( d ,  1H,  HI ) ,  4 .75 (ABq, 
293 

594 
'8-coupled 13C- 

(d ,  C2/C3/C5), 73.5 (d ,  C2/C3/C5), 76.4 ( t ,  OCH2Ph), 77 .3  ( t ,  OCH2Ph), 

101.1 (d ,  C l ) ,  127.5 (Ph) ,  127.6 (Ph) ,  127.7 (Ph) ,  127.8 (Ph) ,  138.1 (PW,  

138.2 (Ph) ,  201.4 (d ,  C6). CI-MS, m/z ( r e l a t i v e  i n t e n s i t y ) :  374 (33,  M + 
NH4), 324 (10 ,  M-MeOH), 295 (18 ,  M-MeOH-CHO), 265 (100 ,  M + NH4-PhCH20H), 

240 (35 ) ,  217 (54 ,  M-MeOH-OCH2Ph), 181, 159 (60 ,  M + NH4-OCH2Ph-PhCH20H), 

121 (99 ) ;  exact mass c a l c d  f o r  C H 0 N: 374.1967, found,  374.1992. 21 28 5 
Methyl 2,3-di-0-benzyl-4-deoxy-~-~-xylo-hexodialdopyranoside 5. A 

mix tu re  of k (1 .60  g ,  4 , 5  mmol), methanol  (50  mL), and  5 %  p a l l a d i u m  on 
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5 50 GIULIANO AND BUZBY 

barium ca rbona te  (1.76 g) was s t i r r e d  under  hydrogen (ba l loon)  f o r  18 h. 

Sodium ca rbona te  (0.78 g ,  7 .4  m o l )  w a s  added, and t h e  r e a c t i o n  w a s  

s t i r r e d  an  a d d i t i o n a l  46 h .  S o l i d s  were removed by f i l t r a t i o n  through 

c e l i t e ,  and t h e  f i l t r a t e  w a s  c o n c e n t r a t e d  under  reduced p r e s s u r e  t o  a vol -  

ume of 60 mL and  d i l u t e d  w i t h  d ich loromethane  (100 mL). The solution w a s  

e x t r a c t e d  w i t h  wa te r ,  d r i e d  w i t h  anhydrous sodium s u l f a t e ,  and  concent ra -  

ted  under reduced  p r e s s u r e  t o  a f f o r d  5 a s  a clear v i s c o u s  syrup  (1.24 g ,  

77%) which w a s  contaminated  w i t h  traces of 6-L-isomer. - 
e f f e c t e d  by f l a s h  chromatography ( s i l i c a  g e l )  t o  g i v e  an i s o l a t e d  a t o  B 
r a t i o  of 16 .5 : l .  

f i l m ) :  1725 (C = 0) .  

Sepa ra t ion  w a s  

R f :  0.52 (1:l). [a],: + 2 3 . 2 ' ( ~  2.95, CHC13). I R  (cm-', 

4Y5 
'H-NMR (CDC13): 6 1.47 (ddd, l H ,  J4 ,41  = 1 2 . 7 ,  J 

= 11.1, J = 12.7, H4), 2.35 (ddd, l H ,  J 4 1 , 5  = 5 . 0 ,  J 4 1 , 3  = 2.9, H4') ,  
4Y3 

3.41 ( s ,  3H, OCH3), 3.46 (dd, lH, J = 5.6 ,  J = 9.6, H2), 3.97 (ddd, 

l H ,  H3), 4.16 (dd, l H ,  H5), 4.72 (ABq, 2H, OCE2Ph), 4.75 (d,  lH, HI) ,  

4.75 (ABq, 2H, OC€&Ph), 7.35 ( b r  s ,  10H, Ph),  9.61 (s ,  l H ,  CHO). I3C-NMR 

(CDC13): 8 31.6 (C4), 55.7 (OCH3), 72.2, 72.4, 73.5, 74.5, 79.7 (OG2Ph) ,  

99.3 ( C l ) ,  127.5, 127.8, 127.9,  127.9,  128.0,  127.3,  128.3, 138.1 (ph), 

138.3 (ph), 199.6 (CHO). 

2 , 1  2Y3 

Methyl 2,3-di-O-benzyl-4-deoxy-~-~-threo-hex-4-enopyranoside - 11. 
To a s t i r r e d  s o l u t i o n  of (1.50 g ,  4.2 m o l )  i n  d r y  to luene  (50 mL) a t  

0 C w a s  added d i i sobuty la luminum h y d r i d e ( 4 . 3  mL, 1 M  i n  hexane, 4 . 3  m o l )  

by s y r i n g e ,  A l i q u o t s  (1.0 mL) of DIBAL a g a i n  were added a f t e r  25 min and 

75 min w h i l e  t h e  r e a c t i o n  t empera tu re  w a s  a l lowed t o  rise t o  15OC ove r  a 

90 min pe r iod .  

beaker  which con ta ined  ice water (100 d) - A f t e r  b r i e f  s t i r r i n g  (5  min) , 
the g e l a t i n o u s  mix tu re  w a s  f i l t e r e d  w i t h  a Buchner f u n n e l  i n t o  a 500 mL 

s e p a r a t o r y  funne l .  The m i x t u r e  w a s  e x t r a c t e d  w i t h  d ich loromethane  (1 x 

150 mL) , d r i e d  w i t h  anhydrous sodium s u l f a t e  and concen t r a t ed  under reduced 

p r e s s u r e  a t  50 C t o  a f f o r d  t h e  c rude  product  and traces of s t a r t i n g  

material. Column chromatography on F l o r i s i l  (1:9 e t h y l  a c e t a t e : p e t r o l -  

e m  e t h e r )  a f f o r d e d  the a c i d  s e n s i t i v e  p roduc t  as a c o l o r l e s s  sy rup  

(0.31 g ,  21%).  

0 

A f t e r  90 min, t h e  r e a c t i o n  w a s  t r a n s f e r r e d  t o  a 250 mL 

0 

0 
R f :  0.50 (40%). [a]D: +155.2 (5 0.42, C6H6). I R  (cm-l, 

f i l m ) :  3380 (-OH), 1670 (C = C ) .  'H-NMR (C D ): 6 2.85 ( t ,  l H ,  J6,QH p: 
6 6  

6.3,  OH), 3.27 ( s ,  3H, OCH3), 3.86 (dd, l H ,  J Z y 3  = 6.3,  J 

4.02 (d ,  2H, H6), 4.36 (dddd, lH, J = 3 . 1 ,  J = 1.5,  J = 1.5 ,  

H3), 4.52 (ABq, 2H, OC€&Ph), 4.66 ( s ,  2H, OCg2Ph), 4 . 8 8 ( d Y  lH, R l ) ,  5.17 

= 2 . 2 ,  HZ), 
2 ,  1 

3Y4 3Y1 3Y6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SELECTIVE REDUCTIONS 55 1 

(ddd, l H ,  J 

(C D ) : 6 5 6 . 4  (qd, OCH3), 61.9 ( t d ,  C6), 71.0 (OCH2Ph) 73.1 (OsH2Ph), 

73.8 (d ,  C2/C3), 77.2 (d ,  C2/C3), 97.0 (d,  C4), 100.0 (dd, C l ) ,  127.7, 

127.8, 128.0,  128.1, 128.6, 139.2 (Ph),  139.4 (Ph),  152.7 (dd, C5). 

C1-MS, m/z ( r e l a t i v e  i n t e n s i t y ) :  374 (M + NH4), 357 (M + H ) ,  339 (M + H- 

H20), 325 (M + H-MeOH), 307 (M + H-H20-MeOH), 283 (M + H-C7H7), 265 (M + 
NH4-C7H7-H20), 250 (M + H-OCH2Ph), 231 (M + H-MeOH-PhCH20H), 159 (M + 
NH4-C7H7-H20-PhCH2Ph) , 144 (M + H-OCH2Ph-PhCH20H), 127 (M + H-MeOH-PhCH2- 

OH-C H 

=1.0, H4), 7 .10-7 .50  (m, 10H, OCH2S). '8-coupled I3C-NMR 
496 

6 6  

+ H); exact mass c a l c d  f o r  C21H2505: 357.1702, found, 357.1706. 7 7  
Methyl 2,3-di-O-benzy1-4-deoxy-~-~xylo-hexopyranoside - 12. 

a .  From 5. Sodium borohydr ide  (24 mg, 0.63 mmol) w a s  added t o  a s o l u t i o n  

of 5 (0.215 g ,  0.60 I U I U Q ~ )  in  d r y  methanol a t  room tempera tu re  w i t h  stir- 

r i n g .  

c h l o r i c  a c i d  s o l u t i o n ( 1  &), t h e  s o l u t i o n  w a s  f i l t e r e d  through l a y e r s  of 

sodium s u l f a t e  and f l o r i s i l  w i t h  e t h y l  a c e t a t e , a n d  evapora ted  under  re- 

duced p r e s s u r e  t o  g i v e  syrupy 13 (0.701 g ,  93%). 

+75.bo(c - 1.425, CH2C12). I R  (cm-l, f i l m ) :  3410 (OH). 'H-NMR (C6D6): 
= 1 2 ,  HL), 1.68 (ddd, 6 1.42 (ddd, l H ,  J = 1 2 . 1 ,  J = 12.1,  J 

l H ,  J 4 , , 3  = 5.26, J 4 1 , 5  = 2.50, H4') ,  3.12 ( s ,  3H, OCH3), 3.35 (d ,  1H, 

J = 3.29, H6), 3.37 d ,  l H ,  J 

9.38 ,  J = 3.51, HZ), 3.50 - 3.60 (m,  l H ,  H5), 4 .00  (ddd, l H ,  H3), 

4.57 (s ,  2H, OCI12Ph), 4 63 (ABq,  2H, OCg2Ph), 4.67 (d ,  l H ,  H l ) ,  7.17 ( b r  

s ,  6H, Ph-H), 7.30 - 7.40 ( b r  m,  4H, Ph-H). 

54 .9  (OCH3), 65 .5 ,  68.5,  72.3, 73.1, 75.2, 81.7,  99.4 ( C l ) ,  139.6 (Ph) ,  

139.9 (Ph).  Exact mass c a l c d  f o r  C H NO (M + NH4), 376.2124. Found: 

376.21 20. 

A f t e r  5 min, excess borohydr ide  w a s  decomposed w i t h  2.5% hydro- 

R f :  0.34 (1:l). [a],: 

4 ,4 '  493 495 

= 1.37, H6') ,  3.44 (dd, l H ,  J = 
6 ' , 5  293 6 ,5  

1 , 2  

13C-NMR (C6D6): 6 33.6 (C4), 

21 30 5 

b. From 12. C a t a l y t i c  hydrogenat ion  of 12 w a s  conducted a t  1 a t m  

(ba l loon)  u s i n g  5% Pd/BaCO as t h e  c a t a l y s t  i n  e t h y l  a c e t a t e  a s  des- 

c r i b e d  f o r  t h e  r e d u c t i o n  of k t o  11. The H-NMR spectrum of t h e  product  

w a s  i d e n t i c a l  wi th  t h a t  shown above f o r  12 syn thes i zed  by sodium boro- 

hydr ide  r e d u c t i o n  of 5. 

1 3 

Methyl 2,3-di-O-benzyl-4-deoxy-B-~-arabino-hexopyranoside 13. The 

r e d u c t i o n  of 11 was c a r r i e d  a s  desc r ibed  above f o r  5. 
mmol) 11 t h e r e  w a s  o b t a i n e d  0.22 g (61%) of syrupy 13 which d i s p l a y e d  

t h e  fo l lowing  p r o p e r t i e s .  R f :  0.27 (1:l). 

I R  (cm-l, f i l m ) :  3400 (-OH). 'H-NMR (CDC13): 6 1.56 (ddd, l H ,  J4,4 = 

From (0.36 g ,  1.0 

[a],: +56.8O(c - 2.46, CHC13). 
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14.0, J = 2.64 ,  J = 2.64,  H4eq), 1 .85  (ddd,  l H ,  J4ax, = 11.3,  

J4ax ,3  6 .5  

4eq ,5  4eq, 3 
= 3.0, H4ax), 3.00 ( b r  s, 1 H ,  OH), 3 .53 (d ,  l H ,  J = 2.1 ,  H6), 

3.54 (s ,  3H, OCH3), 3 .57 (m, l H ,  HZ), 3.64 ( d ,  l H ,  J 

3.74 (ddd, l H ,  J 

= 1 . 8 ,  H6') ,  
696 

= 3.5,  H3), 3 .94 (m, l H ,  W ) ,  4.44 ( s ,  2H, OC€12Ph), 
392 

4.71 (d ,  l H ,  J = 1.4 ,  H l ) ,  4 .72 (ABq, 2H, J = 12.5 ,  OCH Ph) ,  7.20 - 
1 9 2  -2 

7 .45 (m, 10H, Ph-H) . '8-coupled l3C-NMR ( CDC13) : 6 27.1 ( t ,  C4), 56 .7  

(4, -OCH3), 65 .4  ( t ,  C6) ,  70.8 ( t ,  OCH2Ph), 71.5 (d ,  C2/C3/C5), 73.4 ( t ,  

OCH2Ph), - 73.5 ( d ,  C2/C3/C5), 100.5 (d ,  C l ) ,  127.2 (Ph) ,  127 .4  (Ph) ,  127.5 

(Ph) ,  127.7 (Ph) ,  128 .1  (Ph) ,  128.2 (Ph) ,  137 .9  (Ph) ,  138.3 (Ph) .  
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