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ABSTRACT 

Regioselective reduct ive r i ng  openings of 4,6-Q-benzylidene acetals of 

hexopyranosides are  described using borane trimethylamine-aluminium chloride. 

Using toluene as solvent, 4-Q-benzyl ethers w i t h  the  6-OH f r e e  are  

obtained. Using te t rahydro furan  as solvent, 6-Q-benzyl ethers w i t h  the  4-OH 

f r e e  are obtained. 

INTRODUCTION 

The regioselectivity in reduct ive r ing  openings of t he  dioxane rings of 

4.6-Q-benzylidene acetals o f  hexopyranosides varies w i t h  the  reagent. We 

have previously shown t h a t  t rea tment  of 4,6-Q-benzylidene hexopyranosides w i t h  

sodium cyanoborohydride and hydrogen chloride gives 6-Q-benzyl ethers w i t h  

the  4-OH unsubstituted.’ The corresponding reductions w i t h  l i th ium aluminium 

hydr ide and aluminium chloride on the other hand tend t o  give the  opposite 

regioselectivity. part icular ly i f  the  hexopyranoside has a bulky group in the  

3-position.2-5 This is useful in  p ro tec t ive  group strategies. We now 

r e p o r t  t he  corresponding reductions using borane trimethylamine-aluminium 

chloride. The regioselectivity in  the  r ing  openings i s  strongly solvent dependant. 

=Present address: Department o f  Chemistry, KabiGen AE. S-112 87 Stockholm, 

Sweden. 
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RESULTS AND DISCUSSION 

Previous reduct ive r ing  openings of dioxolane benzylidene acetals o f  

hexopyranosides using sodium cyanoborohydride and hydrogen chloride' have 

given the  same regioselectivit ies as those observed f o r  l i th ium aluminium 

hydride-aluminium In  the  present work, reduct ive r ing  openings 

o f  the  rhamnoside 1 using borane trimethylamine -aluminium chloride gave the  

same 3-Q-benzyl ether 2 as t h a t  previously obtained,lm5 and the  stereochemical 

outcome was the  same i r respect ive of whether toluene or  te t rahydro furan  was 

used as solvent. 

6 

I n  the  reduct ive r ing  openings o f  t he  dioxane benzylidene acetals 2, 2, 3 
and 2, t he  regioselectivities, however, were d i f f e ren t  f o r  the  t w o  solvents. 

Thus. t he  use of toluene gave the  4-Q-benzyl ethers 4 , 6. and in  

addi t ion t o  degradation products. The use o f  te t rahydro furan ,  gave the  

6-Q-benzyl ethers 1. a, and fi in good yields. The regioselectivit ies in 

these reductions were high. The yields obtained using toluene as solvent 

were generally moderate, b u t  TLC examination o f  the  in i t ia l  react ion mixtures 

d id  no t  reveal t he  presence o f  appreciable quantit ies o f  t he  isomeric p ro-  

ducts. 

Although an explanation o f  t he  observed results would requ i re  more 

detai led mechanistic studies, the  d i f fe rence in the  regioselectivity 

observed in the  t w o  solvents most probably i s  a resul t  o f  t he  stronger 

solvation of t he  Lewis acid or of cationic intermediates in  t e t r a -  

hydrofuran than in  toluene. 

The possibilities f o r  controll ing the  regioselectivity o f  these reactions and 

the  compatabi l i ty  of the  reagents w i t h  the  presence o f  ester groups (benzoyl) 

a t  other positions in the  pyranose rings should prove useful in  p ro tec t ing  

group schemes in  synthetic carbohydrate chemistry. 
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FXPERIMENTAL 

General methods. General methods were the  same as those published 

previously. Tetrahydrofuran was dist i l led f rom l i th ium aluminium hydride. 

Toluene was dr ied  over sodium wire. 'H and 1 3 C  NMR spectra recorded 

f o r  a l l  products were invariably in accordance w i t h  the  postulated 

structures. 

Methvl 3.4-di-O-benzvl-a-~-rhamno~vranoside (z).' Method A: A mixture o f  

methyl 4-~ -benzy l -2 ,3 -~ - (~ ) -benzy l idene-a -~ - rhamnopyranos ide  (1) (450 mg). 

borane trimethylamine (450 mg. 6 equiv.) and 48, molecular sieves in  

tetrahydrofuran (20 ml) was s t i r red  a t  room temperature f o r  30 min. Aluminium 

chlor ide (BOO mg. 6 equiv.) was added. When TLC [toluene-ethyl acetate 2 : l )  

indicated complete react ion (several h). the  mix tu re  was f i l t e r e d  and the  

f i l t r a t e  was t rea ted  w i t h  Oowex 50 (H ) resin, f i l t e red ,  and concentrated. The 

residue was co-concentrated three times w i t h  methanol, and the  p roduc t  was 

subjected t o  silica gel column chromatography (toluene-ethyl acetate 4 : l )  t o  

yield (2) (381 mg, 85%), [a] -46' (r. 1.37, CHCl3). (Lit. [a] -46', CHCl3). 

Method 8: Compound 1 (375 mg) was t rea ted  as described above, b u t  using 

toluene instead o f  te t rahydro furan  as the solvent. Product 2 was obtained 

(117 mg, 31%). [a] -46' (r. 1.78. CHCl ) (L i t .  [a] -46'. CHC13). 

8 

+ 

8 

8 
3 '  

Methvl 2.3.4-tri-O-benzvl-a-O-~luco~vranos~de~ (g. Aluminium chloride (500 

mg,  4 equiv.) was added w i t h  s t i r r i ng  a t  room temperature t o  methyl 2,3- 

-di-~-benzyl-4.6-~-benzylidene-a-~-glucopyra~osideg (3) (450 mg). borane 

trimethylamine (280 mg. 4 equiv.) and 4 8 ,  molecular sieves in  toluene (20 ml). 

When TLC (toluene-ethyl ace ta te  1:l)  indicated complete react ion (about 5-10 

m id .  t he  react ion mixture was worked up as described above for t he  

preparat ion of 2 and the  p roduc t  4 (225 mg. 50%) was obtained a f t e r  pur i -  

f i ca t ion  by silica gel column chromatography (toluene-ethyl acetate 4 : l J .  [a] 

+Zoo  &, 1.25). CHCl3). (Lit.' [a] +ZOO, CHC13). 

~ - 0 - g I U C O D V r a n O S i d e  (9. Methyl 2.3-  

- d i - ~ - b e n z o y l - 4 , 6 - ~ - b e n z y l i d e n e - a - ~ - g l u c o p y r a n o ~ i d e ~ ~  (31 (500 mg) was t rea ted  

w i t h  borane trimethylamine, aluminium chloride and 48, molecular sieves in 

toluene as described above f o r  the  prepara t ion  o f  4. Work-up and pur i -  

f ication by  silica gel column chromatography (toluene-ethyl acetate 4 : l J  yielded 

- 6 (200 mg. 40 1 ) .  which crystall ised from diethyl  ether- l ight  petroleum, m.p. 

117-118 OC. [u] +13Z0 (c, 1.49, CHC13). 13C NHR data  (C0Cl3. f rom internal  TMS): 

6 55.3, 61.4, 71.0. 72.5. 72.7, 74.8, 75.7, 97.1. 127.9. 128.1, 128.4. 129.1, 129.6, 
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129.8, 129.9. 133.1, 133.3, 137.5, 165.7, 166.0. 

Anal. Calcd for C28H2808: c, 68.3: H. 5.73. Found: C. 67.8; H. 5.71. 

Methvl 2.3.6-tr i -O-benzvl-u-p-~luco~vranoside~ ' -13 (7-1. Methyl 2.3- 
9 

-di -~-benzyl-4,6-~-benzyl idene-~a-~-glucopyranoside (3) (500 mg), was t rea ted  

w i t h  borane trimethylamine, aluminium chloride and 4 A  molecular sieves in  

te t rahydro furan  as described above for the  preparat ion o f  2. The p roduc t  1 
(356 mg, 71%)  was obtained a f te r  pur i f i ca t ion  by silica gel column chromato- 

graphy (toluene-ethyl acetate 5:1), [a] +9  (c. 1.22, CHCI~). ( ~ i t . l l - l ~  [ = I  
+ 1 l 0 ,  + 1 l 0 ,  +13'. CHC13). 

Methvl 2.3-di -0-benzovl-6-0-benzvl-u-~-qluco~~ranoside l3 (a. Methyl 

2,3-di-_0-benzoyl-4,6-P-benzylidenzylidene-~-~-glucopyranoside (5) (500 mg) was 

t rea ted  w i t h  borane trimethylamine. aluminium chloride and 4 A  molecular sieves 

in  tetrahydrofuran as described above for the  preparat ion o f  2. Work-up 

and pur i f i ca t ion  by silica gel column chromatography (toluene-ethyl acetate 8 : l )  

yielded 4 (368 mg. 74%) ,  [u] ~ 1 2 3 ~  (G, 1.03, CHC13). (Lit.13 [a] +113O. CHC13). 

10 

14 Methvl 2.3.4 - t r  i -0- benzvl -a-p-qal actoDvr anosi d e ( Lp). Met hy I 2,3 -d i -0- 
-benzyl-4,6-Q-benzylidene-u-~-galactopyranos1de (2) (500 mg) was t rea ted  

w i t h  borane trimethylamine. aluminium chloride and 4 A  molecular sieves in  

toluene as described above f o r  the  preparat ion of 4 . Work-up and pur i -  

f i ca t ion  by silica gel column chromatography (toluene-ethyl acetate 4 : l )  yielded 

(272 mg, 5 4 % ) .  which crystall ised from diethyl  ether- l ight  petroleum, m.p. 

7 0  OC, [u] +4O (c, 1.38, CHC131. 13C NMR da ta  (C0Cl3): 6 55.3, 62.3, 70.5, 73.6, 

74.5. 75.2, 76.6, 79.1, 98.9, 127.6, 127.7, 127.9, 128.1, 128.5. 138.3, 138.5, 138.8. 

The same compound, w i t h  the  same physical constants was obtained by the  

t rea tment  o f  2 w i t h  l i th ium aluminium hydr ide  and aluminium chloride. The 

opt ical  ro ta t i on  does no t  agree w i t h  t h a t  published (Lit. [a] +59'  (CHC13). 

15 

14 

Anal. Calcd for C28H3206: C. 72.4; H, 6.94. Found: C, 72.4; H 6.99. 

Methvl 2 . 3 . 6 - t r i - 0 - b e n z v l - u - D - q a l a c t o ~ v r a n o s i d e ~ ~ ~ ~  (u). Methyl 2.3-di- 

-0-benzyl-4.6-~-benzylidene-u-~-galactopyranoside - (2) (500 mg) was t rea ted  

w i t h  borane trimethylamine. aluminium chloride and 4 A  molecular sieves in  

te t rahydro furan  as described above f o r  the  preparat ion of 2. Work-up and 

pur i f icat ion by silica gel column chromatography (toluene-ethyl acetate 4:l) 

[a], +35 ', +40 ', yielded 11 (309 mg, 62%), [u] 

CHCl3). 

1 5  

4,16 
+37O (c, 1.0, CHC13). (Lit. 

Net hv I 2,3,4 - tr i - 0- b enzv I -8 - o-sa I ac t  oDvr anos i d e ' ( u). Met hy I 2 I 3 -d i - 
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-0 -benzy l -4 ,6 -d i -~ -benzy l idene-~ -~ -ga lac topyrano~ ide~~  - ( 1 3  (500 mg) was 

t rea ted  w i t h  borane trimethylamine. aluminium chloride and 48, molecular sieves 

in  toluene as  described above for the  prepara t ion  o f  4. Work-up and 

pur i f icat ion by silica gel column chromatography (chloroform-acetone 24:l) 

yielded 13, I110 mg. 22%), m.p. 103-104 o C . [ a l D  -24' (c. 0.88, CHCl3). ( L i t .  "17 

m.p. 103-104 OC, 103-105 OC, [a], -22O. -23O , CHC13). 

Methvl 2.3.6-tri-O-benzvI-I3-O-galacto~~ranoside~*~~ Cu. Methyl 2,341- 

- 0 - b e n z y l - 4 , 6 - ~ - b e n z y l i d e n e - ~ - ~ - g a l a c t o p y r a n o ~ i d e ~ ~  - (x) (500 mg) was t rea ted  

w i t h  borane trimethylamine. aluminium chloride and 4H molecular sieves in  

te t rahydro furan  as described above for the  prepara t ion  of 2. Work-up and 

pur i f i ca t ion  by silica gel column chromatography (toluene-ethyl acetate 2:O 

yielded (428 mg. 86%). [a] +4O I&. 1.03, CHC13). [a] +3O. CHC13). 
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