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ABSlR4CX 

Sugar orthoesters with complex alcohols were obtained in high yield in the 

reaction of acylated 1,Zc&glycosyl halides with partially protected sugar derivatives 
in the presence of silver nitrate and 2,4,6_trimethylpyridine in dry a&o&rile. The 
reaction has been shown to proceed by way of the acylated 1,2-trans-glycosyl nitrate 
intermediate. _ 

INTRODUCTION 

The wel! knowx~‘-~ synthesis of 0-acylated sugar 1,2-a&d orthoesters from 
readily available 1,2-cis-glycopyranosy1 halides involves either the initial anomerisa- 
tion of the 1,Zcis-glycosyl halide to the 1,Zrrans isomer3 or the participation of 
solvent in this reaction4. Kochetkov et al. 5 have found O-acylated sugar 1,2-(D- 

glucopyranos-6-yl orthoacetates) to be convenient intermediates in a two-stage 
glycosylation by the orthoester method and to have some advantages over l,Z(alkyl 
orthoacetates) in the synthesis of oligosaccharides. The synthesis of orthoesters of 
this type involves the transformation of glycosyl halides into 1,2-(alkyl orthoacetates) 
followed by re-estefication of the latter by partially protected monosaccharides. 

The present paper describes a convenient synthesis of sugar 1 ,Zorthoesters with 
complex alcohols uia glycosyl nitrates by the reaction of 1,2-cis-glycosyl halides with 
suitably blocked sugar derivatives containing free hydroxyl groups in the presence of 
silver nitrate and 2,4,6&rimethylpyridine. The mechanism of the reaction is discussed. 

RESULTS AND DISCUSSION 

The efficiency of the method described here was shown by the reaction of 
2,3,4,6-tetra-U-ace@-a-D-glucopyranosyl bromide (6), 2,3,4,6-tetra-U-acetyl-cc-D- 
galactopyranosyl bromide (7), or hepta-0-acetyl-a-lactosyl bromide (8) with 1,2,3,4- 
tetra-0-acetyl+r+glucopyranose (9) or benzyl2-acetamido-3,4-di-U-acetyl-2-deoxy- 
a-D-glucopyranoside (10). The interaction of the tetraacetate 9 with a slight excess of 
bromide 6 in the presence of silver nitrate in dry acetouitriie at room temperature led 
to 3,4,6-t&O-acetyl-ct-D-glucopyranose 1,2-(1,2,3,4-tetra-O-acetyl-/3-D-glucopyranos- 



118 S. E. ZURABYAN, M. M. TIKHOMIROV, V. A. NESMEYANOV, A. YA. KHORLIN 

6-yl) orthoacetate (I) in 77% yield. Under the same conditions, bromides 643 and 
the partially protected sugars 9 and 10 gave the corresponding orthoesters 2-5 in good 
yield (42-86%). The orthoester 1 was formed also in the absence of silver nitrate 
(cf- Ref. 1) but under more drastic conditions (boiling acetonitrile). 

b 

1 R=0*c. d=l-l 

2 R=H, R’=OAc 

CH,OAc 

., R=OAc,R’=H 

5 R=H,R’=OAc 

The structure of the orthoesters I-5 is supported by the analytical data, by the 
results of the mild acid hydrolysis of the orthoester group, and by the n.m.r_ spectra. 
The singlet at 1.65-l -68 p-p-m_ is assigned3 * 5 9’ to the en&-methyl group at C-2 of the 
dioxolane ring and it indicates that the synthesized orthoacetates are exe-isomers. 
Furthermore, the structure of 1 was confirmed by its transformation into j?-gentio- 
biose octaacetate’. 

The first stage of the formation of orthoester was assumed to involve an 
acylated glycosyl nitrate. To examine this hypothesis, the 2,3,4,6-tetra-O-acetyl+ 
D-glucopyranosyl (11) and -galactopyranosyl nitrates (12) were synthesized by 
treatment of the corresponding bromides 6 and 7 with silver nitrate in dry benzene. 
This solvent was shown to be suitable for the preparative synthesis of unstable 
I,Ztrans-glycosyl nitrates, but it was unsatisfactory in the orthoester synthesis from 
these nitrates apparently because of the low level of transformation of /3-D-glycosyl 
nitrates into 1,Zacetoxonium intermediates. 

In dry benzene and dry carbon tetrachloride, the nitrates 11 and 12 (as well as 
2,3,4,6-tetra-O-acetyl-j?-D-glucopyranosyl chloride’) practically did not mutarotate 
during 5 days, but in dry acetonitrile at a concentration of 0.2~ they slowly gave the 
anomeric tetra-O-acetyl-cr-o-glucopyranosyl (13) and -galactopyranosyl nitrates (14) 
(about 40% after 7 days), determined by n.m.r. spectroscopy and t.1.c. ; the dilution 
of the acetonitrile solution and the presence of nitrate ions accelerate the mutarotation 
and give the CC-D nitrates in high yield. 

The reaction of bromide 6 with silver nitrate in acetonitrile in the absence of an 
alcohol led rapidly to the quantitative precipitation of silver bromide. N.m.r. 
spectroscopy showed the presence of a signal for the anomeric proton at 6.04 p.p.m_ 
(spacing 8.8 Hz) 30 min after mixing the reagents. The gradual decrease of the 
intensity of this signal and the simultaneous appearance of a new signal at 6.38 p.p.m. 
(spacing 4.2 Hz) established the anomerisation of the /SD nitrate 11 into the Q-D 
nitrate 13. T.1.c. was the convenient method for monitoring this reaction since nitrates 
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11 and 13 (as well as 12 and 14) had different mobilities on silica gel in 1:l light 
petroleum-ether as the solvent and they showed Rcompomd 6 0.71 and 0.86, respectively. 

Though acylated glycosyl nitrates have been known for a long time7-‘, their 
structure had not been proven and a priori neither orthoester nor acetoxonium 
structures (the latter being su ggested for sugar perchlorateslO*l ‘) could be excluded. 
The structures of the glycosyl nitrates were established as follows: In the n.m.r. spectra 
the signals for the anomeric protons of 13 and 14 appeared at 6.46 and 6.44 p.p.m. 
further downfield from the corresponding signals in the spectra of sugar 1,2-(alkyl 
orthoacetates) (5.65-5.72 p_p_m_3), approximately in the same region as those for 
1.2~cis-glycosyl halides (6.62-6.67 p_p_m_r2)_ The observed spacing J, _2 3.5 Hz for 
the nitrates 13 and 14 indicated an axial-equatorial relationship of the protons at 
C-l and C-2 (CT ref. 12). These values were essentially smaller than those for sugar 
1,2-alkyl orthoesters (5.0 Hz3). The presence of four 3-proton singlets at the usual 
position for O-acetyl groups (1.95-L 10 p.p.m.)’ 3 p roved the 1,2-&s-nitrate structure. 

The doublet for the anomeric proton at 5.82 p_p.m. (spacing 8.0 Hz) and four signals 
of acetyl groups confirmed the structure of nitrate 11. 

Use of Hudson’s rule of isorotation’4, as modified by Korytnyk’ 5 for sugar 
derivatives containing highly polarisable aglycones, showed that the nitrates 11 and 13 
were truly anomers, as the values AONOr* (31,500) and BONO2 (28,500) and AAE/AONol 
(0.60) and BAc/BoNo2 (0.73) were close to the previously reported A,,/A,, and 
B,,/B,, values (CY ref. 15). All these data exclude orthoester or acetoxonium structures 
for the glycosyl nitrates. 

Nitrate 11 and tetraacetate 9 in acetonitrile readily formed the orthoester 

1 in the presence of 2,4,6-trimethylpyridine. Under the same conditions nitrate 
12 reacted slowly with tert-butyl alcohol and so gave in a substantial degree the 
CL-D anomer 14. 3,4,6-Tri-U-acetyl-cr-D-galactopyranose l,Z(fert-butyl orthoacetate) 
(15) was obtained in high yield only in 2-methyl-2-propanol solution. The CL-D nitrates 
13 aud 14 did not form orthoesters under the same conditions in the reaction with 

OAC 

6 d= H, R2=Br,R3=OAc.R4=H 

, R’=H.~=Sr.R3=H.R~=OAC 

8 R’= H. R*=Br, $= 2.3.~.~-tetra-0-acetyl-~-~~lactopyrono~loxy, R’=H 
9 R’= 0Ac,Q2=H.R3=0&,RC=H 

OR’ 

CH,OH 1 cH,OAc CH20AC 

one arc 
10 1, R=OAc.d’= H 13 R= OAc.R’= H 

1ZR=H,R’=OAc 14 R = H) R’= OAC 

*The subscripts show the substituent at C-l in the acetylated sugar to which the A and B values refer. 
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tetraacetate 9 or with 2-methyl-2-propanol. Therefore, the following scheme of 
formation of the sugar orthoester has been proposed: The reaction proceeds via the 
lktermediate l,Ztrans-gIycosyl nitrates which readily yield sugar orthoacetates like 
l,2-trans-glycosyl halides with alcohols in the presence of bases. The anomerisation 
of the 8-D anomer into the CL-D nitrate is the competetive process in these 
syntheses. Nevertheless, the rate of the mutarotation is low, even in polar, dry 
solvents, and allows the possible one-stage synthesis of orthoesters with complex 
alcohols. 

A similar mechanism of the sugar orthoester formation probably takes place in 
the synthesis, by Wulff and Kriiger’ 6, of orthoesters with complex alcohols from 
bromide 6 in the presence of silver salicylate after the byproduct of the reaction, 
2,3,4,6-tetra-U-acetyl-l-O-salicyl-~-D-glucopyranose, is formed. The formation of 
Zsubstituted glyco[2’,1’:4,5]-2-oxazolines from acylated 2-amino-2-deoxyglycosyl 
chlorides in the presence of silver nitrate and collidine”, apparently proceeds with 
8-D nitrates as intermediates. 

EXPJZFUMENTAL 

General. - Acetonitrile was distilled five times in the presence of phosphorus 
pentaoxide and finally of anhyd. potassium carbonate and was stored over Linde 
molecular sieves 3A. Melting points were determined with a Boetius apparatus and 
correspond to corrected melting points. Optical rotations were determined, in 
semimicro tubes, with a Perkin-Elmer Model 141 polarimeter at 20-22”. N.m.r. 
spectra were recorded with a Varian XL-100 spectrometer and, if not otherwise 
specified, with chloroform-d as solvent and tetramethylsilane as internal standard. 
Chemical shift values are given on the 6 scale. 1.r. spectra were recorded for potassium 
bromide discs with a Perkin-Elmer Model 237 spectrophotometer. Column chromato- 
graphy was performed on Silica Gel L 40-100 ,u (Lachema, Czechoslovakia) or on 
alumina (neutral, Brockmann IV; Reanal, Hungary)_ Thin-layer chromatography 
(t.1.c.) was performed on Silica Gel LS 5-40 p plates (Lachema, Czechoslovakia) with 
1:1 light petroleumxther (A) and 4: 1 chloroform-butanone (B) or on alumina 
(Woelm, G.F.R.; both adsorbents with ca. 5% gypsum) with 4:l light petroleum- 
acetone (C)and 1:7 benzene-chloroform (D). The spots were revealed by spraying with 
I:10 (v/v) cont. sulfuric acid-methanol and heating at 10&120°_ Evaporations were 
carried out in vacua at a bath temperature below 35”. 

N.m.r. spectra of all sugar orthoesters showed singlets at 1.65-1.68 p.p.m. All 
the sugar orthoesters are completely hydrolyzed by 5mM sulfuric acid in 90% aqueous 
acetone at 20” for 10-30 min. The hydrolysis was monitored by t.1.c. (disappearance 
of an orthoester spot and simultaneous appearance of a spot attributed to the 
products of hydrolysis). 

2,3,4,6-Terra-O-acetyZ-P-D-glucopyranosyi nitrate (11). - A mixture of 2,3,4,6- 
tetra-O-acetyl-cr-D-glucopyranosyl bromide (6, 0.82 g), finely powdered silver nitrate 
(0.36 g), and 2,4,6_trimethylpyridine (0.02 ml) in dry benzene (10 ml) was stirred at 
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3,4,6-Tri-o-acetykx-D-ghcopyranose I,2-(betzzyl 2-acetanzido-3,4-di-O-acetyl- 
2-deoxy-a-D-glzicopyranosid-6-yi orthoacetate) (4). - Under the conditions described 

for the preparation of I (method A), a mixture of bromide 6 (I.23 g), benzyl 2- 
acetamido-3,4-di-O-acetyl-2-deoxy-cr-D-glucopyranoside2’ (5, 0.79 g), and silver 
nitrate (0.51 g) was treated in acetonitrile (10 ml) with collidine (0.40 ml). The ortho- 
ester 4 was purified by chromatography on silica gel. Successive elution with chloro- 
form, ether, and 5O:l ether-butanone yielded amorphous 4 (1.04 g, 72%), [a],, +90" 
(c 1.0, chlcroform; after preceptitation from ether by light petroleum); Rcompound 10 
1.95 (solvent D). 

Anal. Calc. for &,H,,NO, ,: C, 54.63, H, 5.97; N, 1.93. Found: C, 54.77; 
H, 6.16; N, 2.22. 

3,4,6-Tri-O-acetykD-galactopyranose I,Z-(benzyl 2-acetcnzido-3,4-di-O-acetyl- 

2-deoxy-a-D-ghtcopyranosid-6-yl ortlzoacefate) (5). - A mixture of bromide 7 (2.46 g), 
triacetate 10 (1.58 g), and silver nitrate (I .02 g) in acetonitrile (20 ml) was treated with 
collidine (0.80 ml) under the conditions described for the preparation of 4. Chromato- 
graphy on alumina (elution from benzene to 1:l benzene-chloroform) and precipita- 
tion of the amorphous solid from ether with light petroleum gave 2.48 g, (86%); 
[a]n + 118’ (c 0.8, chloroform); Rcompotnrd 1,, 2.0 (solvent B). 

Anal. Calc. for C33H43NO17: C, 54.63; H, 5.97; N, 1.93. Found: C, 54.26; 
H, 5.90; N, 1.88. 
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