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ABSTRACT

As an alternative to the classical Reformatsky-type branching reaction
of aldonolactones, ethyl trimethylsilylacetate, methyl 2-trimethylsilyl-
propionate, trimethylsilylacetonitrile or alkyl 2-(trimethylsilylmethyl)-acrylates
in the presence of catalytic amounts of tetra-n-butyl-ammonium fluoride can
be used. The corresponding chain elongated monosaccharides are obtained
in high yields.

INTRODUCTION

The synthesis of chain-elongated monosaccharides has been of
synthetic interest for many years. Several approaches to C-glycosyl

compounds! have been proposed and investigated, among them the reaction

* Dedicated to Professor Dr. R. Neidlein on the occasion of his 60th birthday.
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of carbohydrate esters with allylsilanes under Lewis acid catalysis,2 the
generation of carbanions3 or radicals at C-1,4 and the use of 1-deoxy-1-nitro-
sugars® or pyridylthioglycosides by related strategies.6 Among all of these
approaches the use of aldonolactones as starting materials seems very
promising since these compounds are readily available. In spite of this
advantage for synthetic strategy, only a few reports about the use of aldono-
lactones for the synthesis of C-glycosyl compounds have been published so
far.7-9 A direct synthesis of C-glycosyl compounds by the reaction of
aldonolactones with Grignard or organolithium reagents has been proposed.8
In addition, the Reformatsky-type branching® has recently been re-
investigated1? and significantly improved by the use of a highly activated zinc-
silver couple dispersed on the surface of graphite.11 As an alternative to this
approach which requires strictly anhydrous conditions similar transformations
of aldonolactones can be achieved by the use of organosilicon based

reagents.

RESULTS AND DISCUSSION

Since the tetra-n-butylammonium ester enolates, reasonably assumed
to be formed in the reaction of ethyl trimethylsilylacetate (5) with fluoride anion
were shown to react with uloses to yield the corresponding B-hydroxy esters12
the reaction of lactones 1-4 with this reagent as an easy-to-prepare alternative
to the corresponding Reformatsky-reagent derived from 6 was investigated.

Reaction of lactone 1 in anhydrous tetrahydrofuran with 5 in the
presence of catalytic amounts (ca 5 mol %) of anhydrous tetra-n-
butylammonium fluoride (TBAF) afforded a mixture of silylated 11 and 12.
Subsequent desilylation of either this mixture (performed as a one-pot

sequence) or of isolated 11 or 12 by aqueous TBAF yielded the octulosonate
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7 in high yield. Similarly, the corresponding hex- and octulosonates 8-10 were
obtained from lactones 2-4.

Surprisingly, the analogous sequence of reactions of methyl 2-tri-
methylsilylpropionate13 (13) with lactones 1 or 2 under the same conditions
yielded for each of the lactones only one single stereoisomer 14 and 15,
respectively. The reason for this stereodifferentiation remains unclear, as the
absolute configuration obtained at C-2 for these compounds could not
unambiguously assigned either from NMR spectroscopic experiments or by
compatrison of the specific rotation of these compounds with simple analogs.

In order to exploit the applicability of this novel chain elongation
reaction of lactones, the reaction of trimethylsilylacetonitrile (25) under TBAF-
catalysis was investigated. As recently shown,14 reaction of 25 with aldehydes
or ketones in the presence of tris(dimethylamino)sulphonium-difluoro-
trimethylsiliconate (TASF) leads to the formation of trimethylsilyloxy-nitriles or
after elimination of trimethylsilanol to the corresponding alkene-nitriles.14

As compared to the reaction of 5 or 13 with lactones 1 or 2 the rate of
formation of 18 or 20 was significantly slower albeit after prolonged reaction
time similar high yields could be obtained. Interestingly, whereas reaction of 1
with 5 afforded a mixture of diastereomers 11 and 12 only one
diastereoisomer could be isolated from the reaction of 1 or 2 with 25 under
similar conditions. As for 11 and 12, rapid desilylation can be achieved by
treatment of the trimethylsilyloxynitriles with aqueous TBAF in methanol/-
tetrahydrofuran as exemplified for 18 to yield 19 in 87% yield.

In addition, silylated compounds 11, 12, or 18 may be envisaged as
excellent starting materials for performing a second C-branching at the
anomeric centre by applying Mukaiyama's procedure thus leading to C-

glycosides of ketoses.15
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Access to higher monosaccharides, e.g. synthetic precursors to analogs
of sialic acids, can be achieved by reaction of 1 with a twofold molar excess of
24 for 24h to yield 93% of 16.16 Similarly, upon reaction with 23, 2 afforded
chain elongated 17 in fairly good yield. All of these reactions show strong
decrease in yields as well as increase in reaction time upon dilution of the
reaction mixture.17

Attempts to make C-1 alkylidene branched carbohydrates by reaction of
the lactones with ethyl lithiotrimethylsilylacetate18 failed. Reaction of 1-4 with
this reagent even at -78 °C caused formation of complex reaction mixtures
containing only minor amounts of the desired products.1? In addition, 30-40%
of the B-hydroxy esters 7-10 could be isolated, the formation of which can
either be explained by a deprotonation/reprotonation sequence via a

carbohydrate derived enolate or by assuming a Brook-rearrangement.

EXPERIMENTAL

General procedures. Melting points are uncorrected (Tottoli), optical
rotations were obtained using a Perkin-Elmer 241 polarimeter, NMR spectra
for solutions in CDCIl3 (internal Me4Si) were recorded using Bruker WM-250,
and AM-400 instruments, IR spectra (3 % solution in CHCI3) on a Perkin-
Elmer 298. TLC was performed on silica gel (Merck, 5554, detection by
spraying with a 5 % solution of vanillin in concd sulphuric acid followed by
heating at 150 °C). Anhydrous TBAF was obtained by drying commercially
available trihydrate at 80 °C for 3 days in vacuo.
Procedure A. To a solution of the lactone (2 mmol) and 5 (0.42 g, 2.6 mmol)
in anhydrous tetrahydrofuran (5-10 mL) catalytic amounts of anhydrous TBAF
(ca 5 mol %) were added at 0 °C under argon. The reaction mixture
was allowed to warm up to room temp. and stirred further for 60 min.

Methanol/water (90:10 (v/v), 1 mL) and a catalytic amount of TBAF trihydrate
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were added, the mixture was allowed to stand at room temp for 20-60 min,
then diluted with ethyl acetate (25 mL), washed with ice water and brine (2 mL
each), and dried over sodium sulphate. The solvents were evaporated and the
residue subjected to flash chromatography (hexane/ethyl acetate 5:1 (v/v)).
Procedure B. To a solution of the lactone (2 mmol) and 13, 23-25 (4 mmol)
in anhydrous tetrahydrofuran (6 mL) 5 mol % of anhydrous TBAF were added
at room temp. After stirring for 24 h desilylation and work-up was performed
analogously to procedure A.

Ethyl 2-Deoxy-4,5:7,8-di-O-isopropylidene-a-D-manno-3,6-
furanoso-3-octulosonate (7). By procedure A 0.64 g (92 %) of 7 were
obtained from 1 and 5.

By desilylation of 11 or 12 — To a solution of 11 (0.22 g, 0.53 mmol) in
tetrahydrofuran/methanol (2 mL, 9:1 (vv)) TBAF trinydrate (0.17 g, 0.55 mmol)
was added. After stirring for 20 min the reaction mixture was diluted with ethyl
acetate (50 mL), washed twice with ice water and brine (2 mL each), and dried
over sodium sulphate. The solvents were evaporated and the residue
subjected to chromatography (hexane/ethyl acetate 5:1 (v/v)) to yield 165 mg
(91 %) of 7.

Analogous desilylation of 12 afforded 160 mg (89 %) of 7 as an oil :

25

[0‘]D = +5.79 (¢ 2.5, chloroform); Lit.10 +5.6° (¢ 2.7, chloroform); MS (c.i.,

isobutane) 329 (M-Hz0+1).
Anal. Calcd for C1gH2g03: C, 55.48; H, 7.57. Found: C, 65.51; H, 7.66.
Ethyl 2-Deoxy-4,5:7,8-di-O-isopropylidene-3-O-trimethyl-
silyl-a-D-manno-3,6-furanoso-3-octulosonate (11) and Ethyl 2-
Deoxy-4,5:7,8-di-O-isopropylidene-3-O-trimethylsilyl-B-D-manno-
3,6-furanoso-3-octulosonate (12). To a solution of 1 (0.52 g, 2 mmol) in

anhydrous tetrahydrofuran (6 mL) 5 (0.42 g, 2.6 mmol) catalytic amounts of
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dry TBAF were added at 0 °C under argon. The yellowish solution was
allowed to warm to room temp. After completion (ca 40 min as checked by
TLC) ethyl acetate (25 mL) was added and the reaction mixture was washed
with ice water and brine (2 mL each), dried over sodium sulphate and the
solvents were evaporated in vacuo to yield a yellow oil which was subjected

to flash chromatography (hexane/ethyl acetate gradient 20:1 to 10:1, (v/v)) to

25
yield 480 mg (57.3 %) of 11 as an oil: [a] = +23.40 (¢ 2.2, chloroform); IR

1740 cm-1 (ester); 13C NMR (CDCl3) & 1.38 ((CH3)3Si), 14.07 (CH3, ester),
24.39, 25.27, 25.78, 26.83 (CH3, isopropylidene), 40.15, 60.23, 66.42 (CHa),
73.19, 78.94, 79.54, 86.44 (CH), 106.16, 108.94, 112.18 (Cquat.), 168.92
(CO0); MS (c.i., isobutane) 419 (M+1).

Anal. Calcd for C19H340¢gSi: C, 54.52; H, 8.19; Si, 6.71. Found: C,
54.38; H, 8.28; Si, 6.72.

25
Further elution gave 280 mg (33.4%) of 12 as an oil: [a] = = -7.50 (c 1.8,

chloroform); IR 1730 cm-1 (ester). 13C NMR (CDCl3) 8 1.78 ((CH3)3Si), 14.12
(CHag, ester), 24.28, 25.20, 25.55, 26.95 (CHg, isopropylidene), 44.12, 60.72,
66.86 (CH2), 73.17, 78.32, 79.39, 82.11 (CH), 104.77, 109.31, 112.87 (Cquat.),
169.17 (COO); MS (c.i., ammonia) 436 (M+1+NH3).

Anal. Calcd for C1gH3408Si: C, 54.52; H, 8.19; Si, 6.71. Found: C,
54.30; H, 8.34; Si, 6.74.

Ethyl 2-Deoxy-4,5-O-isopropylidene-B-D-erythro-3,6-
furanoso-3-hexulosonate (8). By procedure B 0.45 g (92 %) of 8 were
obtained from 2 and 5 as an oil: [a]f = -56.19 (c 3.0, chloroform); Lit.10
-565.9° (c 4.1, chloroform); MS (c.i., isobutane) 229 (M-Hz0+1).

Anal. Calcd for C11H1g0s: C, 53.65; H, 7.37. Found: C, 53.45; H, 7.51.

Ethyl 2-Deoxy-4,5,6,8-tetra-O-benzyl-a-D-gluco-3,7-

pyranoso-3-octulosonate (9). Compound 9, 1.2 g (95%), was obtained
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25
from 3 and 5 by procedure A as an oil: [0‘]0 =-5.49 (c 1.0, chloroform); Lit.10

-5.39 (¢1.3, chloroform); MS (c.i., isobutane) 609 (M-H20+1).
Anal. Caled for C3gH4208: C, 72.82; H, 6.75. Found: C, 72.98; H, 6.84.
Ethyl 2-Deoxy-4,5,6,8-tetra-O-benzyl-a-D-manno-3,7-

pyranoso-3-octulosonate (10). Compound 10, 1.1 g (87%), was
25
obtained from 4 and 5 by procedure A as an oil: [OC]D = +8.99 (c 2.4,

chloroform); Lit.10 +8.7° (¢ 4.1, chloroform); MS (c.i., isobutane) 609 (M-
Hz0+1).

Anal. Calcd for CagHg20g: C, 72.82; H, 6.75. Found: C, 73.00; H, 6.84.

Methyl 2-Deoxy-4,5;7,8-di-O-isopropylidene-2-C-methyl-a-
D-manno-3,6-furanoso-3-octulosonate (14). Compound 14, 0.72 g
(91 %), was obtained as an oil from 1 and 13 according to procedure B:
[OL]Z5 = -4.8° (¢ 1.1, chloroform); IR 3480 (hydroxy), 1710 (ester) cm;
13C NMR (CDClg) & 13.50 (CHg), 24.20, 25.23, 25.63, 26.56 (CH3,
isopropylidene), 41.05, 51.72 (CH, CHa), 66.56 (C-8), 72.94, 79.02, 79.04,
83.96 (CH), 106.10, 108.03, 112.44 (C-3, Cquat.), 176.52 (ester); MS (c.i.,
isobutane) 329 (M-H20+1).

Anal. Calcd for C16H260s6: C, 55.48; H, 7.57. Found: C, 55.60; H, 7.50.
Methyl 2-Deoxy-4,5-O-isopropylidene-2-C-methyl-B-D-
erythro-3,6-furanoso-3-hexulosonate (15). Compound 15, 0.44 g
(89%), was obtained as an oil from 2 and 13 according to procedure B:
[ec]zo5 = -29.0° (¢ 1.2, chloroform); IR 3480 (hydroxyl), 1710 (ester) cm-t;
1TH NMR (CDCl3) & 1.31 (d, 3H, J = 7.2 Hz, CHg), 1.34 (s, 3H, CH3 of
isopropylidene), 1.47 (s, 3H, CH3 of isopropylidene), 3.01 (q, 1H, J = 7.2 Hz,
H-2), 3.74 (s, 3H, OCH3), 3.91 (d, 1H, Jg,6'=10.2 Hz, H-6°), 4.03 (dd, 1H, J5,6=
3.7, Js,6'=10.2 Hz, H-6), 4.42 (d, 1H, J4,5=5.8 Hz, H-4), 4.51 (s, 1H, OH,
exchangeable with D20), 4.86 (dd, J4,5=5.8, J5 6= 3.7 Hz, H-5); 13C NMR
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(CDCl3) & 13.65 (CH3), 24.74, 26.12 (CHa, isopropylidene), 42.02, 51.89 (CH,
CHg), 71.25 (C-6), 80.74, 83.62 (CH), 107.08, 112.30 (C-3, Cquat). 176.96
(ester); MS (c.i., ammonia) 229 (M-H20+1).

Anal. Calcd for C11H1g0s: C, 53.65; H, 7.37. Found: C, 53.82; H, 7.28.

2-Deoxy-4,5;7,8-di-O-isopropylidene-3-O-trimethylsilyl-3,6-
furanoso-a-D-manno-3-octulononitrile (18). To a solution of 1 (0.52 g,
2 mmol) in anhydrous tetrahydrofuran (5 mL) 25 ( 0.45 g, 4 mmol) and
catalytic amounts of dry TBAF were added at 0 °C under argon. After stirring
for 24 h at room temp, ethyl acetate (25 mL) was added and the reaction
mixture was washed with ice water and brine (2 mL each), dried over sodium
sulphate and the solvents were evaporated in vacuo to yield a yellow oil
which was subjected to flash chromatography (hexane/ethyl acetate 10:1
(v/v)) to give 0.67 g (90 %) of 18, mp: 52-549; [oz]f,5 = +14.70 (¢ 1.3,
chloroform); IR 2250 (nitrile) cm1; 13C NMR (CDCl3) 6 1.35 ((CH3)3Si), 24.16,
25.18, 25.56, 26.78 (CHg, isopropylidene), 25.39 (CH2-CN), 66.18 (C-8),
72.92, 79.71, 80.06, 86.41 (CH), 105.09, 109.06, 113.13, 116.16 (C-1, C-3,
Cquat); MS (c.i., ammonia) 372 (M+1).20

Anal. Calcd for C17H29NOgSi: C, 54.96; H, 7.87; N, 3.77; Si, 7.56.
Found: C, 54.79; H, 7.95; N, 3.72; Si, 7.66.

2-Deoxy-4,5;7,8-di-O-isopropylidene-3,6-furanoso-ca-D-
manno-3-octulononitrile (19). Compound 19, 0.51 g (86 %), was
obtained by procedure B from 1 and 25, or by desilylation of 18. To a solution
of 18 ( 0.186 g, 0.5 mmol) in tetrahydrofuran/methanol (2 ml, 9:1 (v/v))
TBAF trihydrate (0.17 g, 0.55 mmol) was added. After stirring for 30 min at
room temp the mixture was diluted with ethyl acetate (25 mL), washed with ice
water and brine (2 mL each), and dried over sodium sulphate. The solvents

were evaporated and the residue subjected to chromatography (hexane/ ethyl
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acetate 5:1 (v/V)) to yield 0.13 g (87%) of 19: mp 104-107 °C; [a]'f = +27.50
(¢ 0.5, chloroform); IR 3500 (hydroxy), 2440 (nitrile), 1730 (ester) cm-?;
13C NMR (CDCl3): 24.23, 25.05, 25.63, 26.79 (CHg, isopropylidene), 25.83
(CH2-CN), 66.46 (C-8), 72.80, 79.89, 80.08, 84.78 (CH), 103.08, 109.39 (C-1,
C-3), 113.42, 116.11 (Cquat.); MS (c.i., ammonia) 300 (M+1 ).20

Anal. Calcd for C14H21NOQOg: C, 56.18; H, 7.07; N, 4.68. Found: C,
56.01; H, 7.20; N, 4.76.

2-Deoxy-4,5-O-isopropylidene-3-O-trimethylsilyl-f-D-
erythro-3-hexulononitrile (20). Compound 20, 0.48 g (88%), was ob-
tained as an oil from 2 and 25 according to the procedure given for the
synthesis of 18: [0!]25 = -46.13° (¢ 0.3, chloroform); IR 2260 (nitrile) cm-1.
TH NMR (CDCl3) 8 0.24 (s, 9H, Si(CH3)3), 1.58 (s, 3H, CH3 of
isopropylidene), 1.58 (s, 3H, CH3 of isopropylidene), 2.71 (s, 2H, H-2, H-2°),
3.9-4.1 (m, 2H, H-6, H-67), 4.55 (d, 1H, J4 5= 6.4 Hz, H-4), 4.86 (ddd, 1H,
Ja,5=6.4, J5 6= 4.8, J5,6'= 2.4 Hz, H-5); 13C NMR (CDCl3) 5 1.62 ((CH3)3Si),
24.95, 25.96 (CHas, isopropylidene), 28.97 (CH2-CN), 70.88 (C-6), 79.69,
82.93 (C-4, C-5), 103.35, 114.53, 116.07 (C-1, C-3, Cquat.); MS (c.i., ammonia)
272 (M+1).20

Anal. Calcd for C12H21NO4Si: C, 53.115; H, 7.80; N, 5.16; Si, 10.35.
Found: C, 52.85; H, 7.72; N, 5.19; Si, 10.50.

Tert-butyl 2,3-Dideoxy-2-C-methylene-5,6:8,9-di-O-
isopropylidene-c¢-D-manno-4,7-furanoso-4-nonulosonate (16).

Compound 16, 0.74g (93%), was obtained by procedure B from 1 and 24: 21
25
mp 62-64 °C, [@] = = 47.40 (c 1.5, chloroform); Lit.10 mp 62-64 °C,
25
[2] ) +7.50°C (c 1.6, chloroform); MS (c.l., isobutane) 383 (M-H0+1).

Anal. Caled for C2gH320s: C, 59.99 H, 8.05. Found: C, 60.15; H, 7.97.
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Ethyl 2,3-Dideoxy-5,6-O-Isopropylidene-2-C-methylene-B-D-

erythro-4,7-furanoso-4-heptulosonate (17). Compound 17, 0.47 g

25
(87%), was obtained as an oil from 2 and 2321 by procedure B: [0£]D =-41.40

25
(c 0.3, chloroform); Lit.10 [a]D =-41.89 (¢ 0.6, chloroform) ; MS (c.i.,

isobutane) 255 (M-H20+1).

Anal. Caled for C13H200s: C, 57.34; H, 7.40. Found: C, 57.39; H, 7.58.
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