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ABSTRACT: The derivative 2,3-di-0-benzoyl-5-0-chloroacetyl-6-0-piva1oy1-6-D-ga1actofuranosy1 chloride 
proved to be very suitable for the introduction, via the Helferich procedure, of three 6(1-5) 
interlinked D-galactofuranosyl residues and a @-orientated spacer. 

The cell-walls of fungi consist mainly of poly- 

saccharides, some of which are immunologically ac- 

tive1'2. Structure analysis of the D-galacto-D-man- 

nan component of Aspergillus niger and other Asper- 
gilzus spp. revealed the presence of side-chains 
consisting of (1-5)-interlinked 6-D-galactofurano- 

3 syl residues and having average lengths of four 

(Ia) to ten4 units. It was further advocated that 

the galactofuranosyl side-chains of the galactoman- 

nan polysaccharide are immunodominant . 596 

As part of a programmezs6 to study the immuno- 

logical properties of the galactomannan side-chains 

of fungi, we needed a well-defined fragment contai- 

ning at least four 6(1-5)-interlinked galactofura- 

nosy1 units, and having at the reducing end a spa- 

cer suitable for further conjugation with macromo- 

lecular carriers. 

a-D-galactofuranose 1,2-(methylorthoa~etate)~ as the 

glycosyl donor. Recently, Sugawara et al.' achieved 

the same goal by coupling 2,3,5,6-tetra-O-acetyl- 

6-D-galactofuranosyl chloride, under Helferich 

conditions, with ally1 2,3,6-tri-O-benzyl-B-D-ga- 

lactofuranoside. 

10 

We report that 2,3-di-0-benzoyl-5-0-chloroace- 

tyl-6-0-pivaloyl-6-D-galactofuranosyl chloride (8) 
is a convenient glycosyl donor for the preparation 

of the spacer containing tetramer Ib. 

Intermediate 4, suitable for the preparation of 
the key derivative 8_ was obtained by acidic hydro- 
lysis" of the acetonide function in ?. The latter 

was easily accessible from the known galactofurano- 

side derivatives il' and 213.  Treatment of 4, with 
a slight excess of pivaloyl chloride in pyridine 

at -2O'C afforded, after purification by silica 

~ o ) / $ J o ) / q o ) / q o ) q o R  

HO HO HO HO 

I a :  R + H  
I 

b :  R = -NH;-CI 

The first synthesis of a dimer containing gel chromatography, homogeneous 5, in 75% yield. 
Acylation of with chloroacetic anhydride in DMF 6(1-5)-linked D-galactofuranosyl units was perfor- 

med by Heeswijk et al.? using 3,5,6-tri-O-acetyl- and in the presence of sodium hydrogen carbonate 14 

' T h i s  p o p r  camernorates the 100th birthday of Burckhardt Helferich. 
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gave, after work-up and purification, pure 6 in 92% 
yield. Acetolysis15 of 6 led to 2 in a yield of 
80%. Finally, conversion of Z with aluminium chlo- 
ride16 yielded ,S (98% yield) as a colourless oil. 

The homogeneity of compounds 2-8, obtained above 
was, apart from TLC-analysis, confirmed by satis- 

factory elemental analyses. Their identity was 

further corroborated by 'H- and l3C-NMR spectro- 

scopy , 

Coupling of ,8 with N-benzyloxycarbonyl-3-amino- 
1-propanol" (2) could be realized with a high de- 
gree of stereoselectivity (no trace of the a-isomer 

could be detected) by applying the Helferich ap- 

proach (mercuric cyanide/mercuric bromide). Thus, 

to a stirred solution of ,9 in acetonitrile contai- 
ning the Helferich salts was added dropwise ,8 in 
the same solvent. Work-up and purification (Sepha- 

dex LH ZO), after 1 h at 20°C, afforded l_Oa in a 
yield of 95%. Removal of the 5-0-chloroacetyl group 

from l_Oa could be accomplished, with a high degree 

of selectivity, by treating it (30 min at 2OoC) 
with the reagent" hydrazine dithiocarbonate (HDTC). 

According to this procedure, the aglycon 1_0b could 

be isolated in a yield of 95%. Dimer lib and trimer 

1_2b were obtained in excellent yields after per- 

form;,ig the same two-step procedure described for 

the preparation of 8,. Thus condensation of lcbwith 

8 gave lla which, after HDTC treatment, led to llb 
(overall yield 91%). Similarly, trimer 12_b was ob- 

tained (overall yield 92%) by coupling lib with 8, 

17 

10 

- - 

- O F  R40 

0 3  
NK 

I n  

lEn  n = 1 ; R 2 =  Bz ; R 3 =  C l A c  ; R 4 =  Piv 

10b n 1 ; R 2 =  Bz ; R 3 =  H ; R4 z Piv 

lLa n = 2 ; R 2  = Bz ; R 3 =  C I A c  ; R4 = P i v  

l l b  n 2 ; R 2 =  Bz ; R 3 =  H ; R4 = P i v  

12n n = 3 ; R2  Bz ; R 3 =  C l A c  ; R4 = P i v  

12b n 3 ; R 2  Bz ; R 3 =  H ; R 4  = P i v  

13 n 4 ; R 2  Bz ; R 3 =  C l A c  ; R 4  = Piv 

14 n - 4 ;  R 2 = R 3 = R 4 = H  

w 

N 

N 

N 

,w 

." 

to give 12a, and subsequently deblocking of the 

5-0-C1Ac group. Finally, the formation of the 

B(1-5)-linkage between trimer 12b and the glycosyl 

donor 8 also led to a high recovery (92%) of te- 

tramer 13. The presence of solely B-anomeric car- 

bons in the products 1j-12 was confirmed by the 
conformity of the 'H- and 13C-NMR data" with those 

published7 ' '. 

- 

- 
- 

Deacylation of the base-labile groups from ful- 

ly-protected tetramer 12 (106 mg) was effected by 

sodium hydroxide in methanol-dioxane2' for 15 h at 

50'C. Neutralization (Dowex 50W, NH -salt) and pu- 

rification (Sephadex LH 20) gave homogeneous 13 
(42 mg; 97% yield). Removal of the N-carbobenzyl- 

oxy group by hydrogenolysis (15 h) over palladium 

on charcoal, followed by purification, gave Ib 
( 3 2  mg; 87% yield) as a colourless oil. Purity and 

identity of Ib thus obtained was unambiguously as- 
certained by elemental analysis, FAB-mass and 'H-, 

1 3 c - ~  spectroscopy . 

+ 
4 

22 

In conclusion, the data presented in this paper 

show that a judicious choice of base-labile pro- 

tective groups combined with the Helferich proce- 

dure gives an easy access to relatively small frag- 

ments containing ~(1-5)-interlinked D-galactofura- 

nosy1 units. Further, the high overall efficacy of 

the two-step procedure (i.e., formation of the B- 

linkage and removal of the secondary ClAc group) 

may be applied to assemble larger fragments (8-10 
units) by a solid-phase approach. 
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