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27. Vinyl Carbanions
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Synthesis of 3-Deoxy-D-manno-2-octulosonic Acid (KDO) and Derivatives

by Angelika Esswein?), Rainer Betz?), and Richard R. Schmidt*
Fakultit fiir Chemie, Universitit Konstanz, Postfach 5560, D-7750 Konstanz

(29.VIIL88)

The -C-lithiated acrylamide 3A has been proven to be an ideal pyruvate f-carbanion equivalent useful in a
highly diastereoselective KDO synthesis. The starting material 3 was prepared from pyruvate diethyl acetal in four
convenient steps. Direct lithiation with 2 equiv. of LDA generated the dilithiated species 3A quantitatively.
Reaction with 2,3:4,5-di-O-isopropylidene-p-arabinose (11) was highly D-manno-selective. The product 12 was
obtained readily from the reaction mixture via crystallization. Ring closure to the butenolide 13, subsequent
PhS-group removal with Bu;SnH and pyridinium bromide, and hydrogenolytic debenzylation afforded the known
butenolide 19; this KDO precursor gives KDO in two convenient steps. Butenolide 19 was also transformed via
two high-yielding steps into the 4,5:7,8-di-O -cyclohexylidene-KDO derivative 22, a valuable starting material for
KDO a-glycoside syntheses.

1. Introduction. — The 3-deoxy-D-manno-2-octulosonic acid (KDO) is an integral
constituent of the lipopolysaccharide of Gram-negative bacteria [1] [2]. Several syntheses
of this compound have been described using either D-mannose or D-arabinose derivatives
and C,- or C,-building blocks, respectively, as starting materials [3-9]. Biosynthetic
studies have shown D-arabinose S5-phosphate and phosphoenol pyruvate to be the precur-
sors [1]. In analogy to the biosynthesis, we searched for pyruvate-equivalent C;-synthons
corresponding to intermediate 1A which provide, in a diastereoselective reaction with
O-protected D-arabinose, KDO derivatives. We found that functionally substituted
acrylates furnish, via f-C-lithiation, such synthetic equivalents quite readily [10]. E.g., the
dilithiated species 2A and 3A obtained via direct lithiation of the corresponding H-sys-
tems provided, via D-manno selective reactions with di-O-isopropylidene-D-arabinose, a
straightforward entry into KDO [3] [9]. Correspondingly, in a D-gluco -selective reaction
from the C-lithiated species 4A, preferentially 3-deoxy-D-gluco-2-octulosonic acid was
obtained [8]. The PhS group in 3A and the ff-carboxylate group in 4A constitute H-atom
equivalents which promote the f-C-lithiation, the nucleophilic reactivity, and the dia-
stereoselectivity in this reaction. Starting from the dilithiated species 3A, we synthesized a
methylamide derivative of KDO which proved valuable in the synthesis of the naturally
occurring KDO «a-glycosides [11]. Therefore, we are reporting the investigations for the
synthesis of this compound in full detail’).

Y Part 35:9].
2)  Taken in part from the Ph. D. thesis of 4. E. [13] and R. B. [12].
%) For a preliminary publication of part of this work, see [3].
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2. Direct Lithiation of «-(Benzyloxy)-NV-methyl-g-(phenylthio)acrylamide. — From
the investigation of a -alkoxy-substituted acrylates in direct §-C-lithiations, it was con-
cluded [3] [10] [12-14] that a f-thio substituent and a monosubstituted amide group
support direct f-C-lithiation strongly. In this way, dilithiated species of type 3A were
generated which exhibited excellent nucleophilic properties in reactions with aldehydes as
electrophiles. In a simple cyclization, the hydroxyalkyl-substituted products provided
o -alkoxy-substituted butenolides quite readily [3] [10] [14]. However, a-alkoxy ether
cleavage in the butenolide system requires acidic conditions which will decompose acid-
labile side chains, e.g., as observed for KDQO and derivatives [12] [13]. Therefore, we
decided to introduce the hydrogenolytically removable a-benzyloxy group leading to
compound 3 as an ideal starting material for the KDO synthesis (Scheme I ).

For the synthesis of amide 3, the commercially available pyruvate diethyl acetal (5)
was transformed into the corresponding dibenzyl acetal 6 via acid-catalyzed transacetali-
sation. Elimination of benzyl alkohol by treatment with P,O; provided the o -(benzyloxy)-
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acrylate 7 in very good yield. Subsequent thiophenol addition under fluoride catalysis led
to propionate derivative 8. Chlorination with N -chlorosuccinimide (NCS) and treatment
with Et,N as base afforded the acrylate 9 ((Z)-isomer > 95%). This compound fur-
nished, with MeNH,, the desired starting material 3 in good overall yield independently
of the scale. The structural assignment is based on comparisons of the 'H-NMR shift of
H—C(3) with that of related (Z)- and (£)-configurated compounds [9] [12].

The advantage of amide 3 in direct lithiations, e.g. as compared with ester 9 or the
corresponding acid, was clearly demonstrated by the ease of this reaction {12]. With 2
equiv. of lithium diisopropylamide (LDA) as base, the dilithiated species 3A was gen-
erated practically quantitatively as evidenced by quenching the reaction mixture with
MeOD and subsequent aqueous workup. Side-product formation did not occur; the only
isolated product was the B-C-deuterated compound 10. The assignment of (Z)-configu-
ration is based on the fact that inversion of configuration is not observed in related
o -thio-substituted vinyllithium species [10] [15] [16].

3. Synthesis of KDO. — The convenient synthesis of acrylamide 3, its quantitative
f-C-lithiation generating intermediate 3A, and the high-yielding formation of the deute-
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rated derivative 10 were excellent prerequisites for successful reactions with aldehydes as
electrophiles. For the synthesis of KDO, 2,3:4,5-di-O-isopropylidene-p-arabinose (11)
[17] was used (Scheme 2). With 3A, generated from 3 by LDA at —80°in tetrahydrofuran
(THF), the desired D-manno-isomer 12 was formed preferentially (D-manno -isomer 12/p-
gluco-isomer 12’ 8:1; 75% yield); the structures were assigned by transformation into
KDO and its D-gluco-isomer, respectively [12]. The D-manno-isomer 12 crystallized from
the reaction mixture in 60 % yield thus obviating chromatographic separations. Addition
of small amounts of hexamethylphosphorous triamide (HMPT) to the reaction mixture
led almost completely to the desired 12 (12/12” > 15:1; 85% yield), directly obtained in
75% yield as crystalline material. The diastereofacial selection can be explained in terms
of the Felkin model [3] [18]. Steric and stereoelectronic effects favour Re attack of
intermediate 3A on the M -conformer of arabinose derivative 11 [3].

Compound 12 having the required KDO configuration was first transformed into the
butenolide 13 by simple heating in high-boiling petroleum ether (Scheme 2). Investiga-
tions of the selective PhS-group removal with Raney-Ni and of the simultaneous deben-
zylation to yield directly KDO derivative 19 (see below, Scheme 3) gave varying results,
depending on the activity of the Raney-Ni. However, controlled formation of 19 was
difficult to accomplish. Also controlled removal of only the PhS group gave mainly
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modest results. However, complete reduction of 13 with Raney-Ni was easily possible; it
provided diastereoselectively the «-hydroxybutyrolactone 14. The structure of 14 was
assigned after acid-catalyzed removal of the isopropylidene groups affording the known
3-deoxy-D-glycero-D-galacto-octonolactone 15 [19]. Therefore, the required PhS/H ex-
change in 13 was investigated with Bu,SnH. However, unexpectedly, the PhS group was
replaced by the Bu,Sn group affording compound 16 which turned out to be an inter-
esting intermediate for further reactions with electrophiles. Thus, treatment of 16 with Br,
gave the bromo derivative 18 in almost quantitative yield. HBr turned out to be too
strong an electrophile for controlled Bu,Sn/H exchange. Therefore, we used pyridinium
bromide suggested also by Pallenberg and White for such reactions [20] to synthesize
compound 17 in high yield.

Hydrogenolytic debenzylation of 17 afforded cleanly the known KDO derivative 19
[4a] which was found to exist mainly in the enol form according to the 'H-NMR data
(enol/ketone 9:1; Scheme 3). Following a known procedure [4a] [6a], deprotection of 19
with CF,COOH and subsequent treatment with NH, provided the pyranose-ammonium
salt of KDO in high yield, thus concluding an efficient KDO synthesis.

4. Synthesis of KDO Derivatives. — For the investigation of glycoside-bond forma-
tion, 4,5,7,8-0-protected pyranose derivatives of KDO are required. Thus far, these
investigations were mainly carried out with O-acyl protected compounds. However,
acetal formation suggested by the pyranose structure of KDO might lead to compounds
with different reactivity. For this aim, butenolide 17 was first treated with MeNH,
providing the amide 20 in high yield (Scheme 3 ). However, hydrogenolytic debenzylation
of this open-chain compound to yield 21 proved to be less successful than the correspond-
ing transformation of butenolide 17 to the debenzylated butenolide 19. Therefore, 19 was
treated with MeNH,, affording the desired intermediate 21 in high overall yield.
CF,COOH-catalyzed removal of the isopropylidene groups and subsequent acetalisation
with cyclohexanone in the presence of bis(p-nitrophenyl) hydrogen phosphate (BNPP)
furnished the 4,5:7,8-di-O -cyclohexylidene-K DO derivative 22 in 84 % yield. According
to the "H-NMR data, 22 prefers a boat conformation [11] as recently also found for a
4,5:7,8-di-0 -isopropylidene-K DO derivative [21]. Compound 22 proved to be very valu-
able in « -specific glycoside bond formations via the anomeric-O-alkylation procedure as
demonstrated recently by us [11] [22].

The direct synthesis of O-acylated and partially O-acylated KDO derivatives from
butenolide 17, e.g. of compound A (Scheme 4), turned out to be more difficult. Partial
removal of the isopropylidene groups of 17 with CF,COOH gave cleanly the mono-iso-
propylidene derivative 23 which furnished, with MeNH,, the corresponding amide 24
(Scheme 4). The (E)-configuration was assigned on the basis of '"H-NMR comparisons
with related compounds obtained via a different route [9] [23]. Subsequent O-benzoyla-
tion provided compound 25. However, direct acid-catalyzed ring closure without prior
hydrogenolytic removal of the O-benzyl group resulted in the elimination products 26
and 27 depending on the concentration of CF,COOH.

However, when the O-debenzylated compound 21 was used as starting material for
O-acylated KDO derivatives, acid-catalyzed removal of the isopropylidene groups and
subsequent O-acetylation afforded the pyranose 28 which was accompanied by the a -
and f-furanoses 29 and 30, respectively. The structures of these compounds were as-
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[6¢c] [24]. Yet, the anomeric configurations of 28 and 31 are not unambiguous on this
basis. According to the chemical-shift differences 46 (H,,—C(3)/H,,—C(3)), the configura-
tions could be £ for 28 and « for 31. Selective anomeric O-deacylation of 28 was possible

with hydrazine acetate providing compound 31.
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Experimental Part

General. Solvents were purified in the usual way. All substances were purified by MPLC for elemental
analyses. Column chromatography: Merck silica gel 60 (mesh size 0.063-0.200). Medium-pressure liquid chro-
matography (MPLC): Merck silica gel LiChroprep Si 60 (mesh size 0.063-0.0125). TLC: Merck plates, silica gel 60
F,s4, layer thickness 0.2 mm; detection by UV light or treatment with a 15% H,S0, soln., followed by heating at
120°. M.p. (uncorrected): metal bloc. Optical rotations: Perkin-Elmer-241/MS polarimeter, 1-dm cell. 'H-NMR
spectra: Bruker WP80 (80 MHz), Bruker WM250 Cryospec (250 MHz), Jeol JNM-G X400 (400 MHz); chemical
shifts in ppm downfield from tetramethylsilane (TMS) as internal standard, coupling constants J in Hz.

( Z)-2-( Benzyloxy )-N-methyl-3-(phenylthio )acrylamide (3) and Ethyl (Z)-2-( Benzyloxy)-3-(phenylthio)-
acrylate (9). To an ice-cooled soln. of 8 (36 g, 0.114 mol) in abs. CCl, (200 ml), N-chlorosuccinimide (16.7 g, 0.125
mol) was added. The suspension was stirred for 6-10 h at r.t. The precipitate was filtered off and the soln.
evaporated. The oily residue was dissolved in dry CHCIl; (100 ml), Et;N (19.2 ml, 0.137 mol) added, and the
mixture refluxed for 1 h. The cooled soln. was diluted with H,O (200 ml), acidified to pH 1 with conc. HCl soln.
under ice-cooling and extracted with CHCI; (3 x 100 ml). The extract was washed with sat. ag. NaHCOj; soln. (100
ml), dried (MgS0O,), and evaporated. The dark oil was filtered over silica gel (petroleum ether/AcOEt 9:1, R, 0.53).
The slightly yellow 0il 9 5.6M MeNH,/MeOH (150 ml) was stirred for 15 h at r.t. The solvent was evaporated and
the residue filtered over silica gel (petroleum ether/AcOEt 1:1, R; 0.47). Recrystallization from AcOEt/petroleum
ether gave 24.7 g (73%) of 3 as colourless crystals. M.p. 53-54°. 'H-NMR (80 MHz, CDCly): 7.60-7.20 (m, 10
arom. H); 7.22 (s, H—C(3)); 6.40 (br. s, MeNH); 5.00 (s, PhCH,0); 2.78 (d, Me NH). Anal. calc. for C(;H;NO,S
(299.4): C 68.21, H 5.72, N 4.68; found: C 68.42, H 5.66, N 4.64.

Ethyl 2,2-Bis(benzyloxy )propionate (6). To a soln. of 5 (200 g, 1.05 mol) in dry benzyl alcohol (560 g, 5.18
mmol), KHCO; (3.5 g, 25.7 mmol) was added. The mixture was heated (bath temp. 100°) while passing a strong N,
stream through the soln. After 810 h, EtOH (80 g) was distilled off. The mixture was cooled tor.t., diluted with 500
ml Et,0, and filtered (petroleum ether/AcOEt 9:1, R; 0.48) over a short silica-gel column. Evaporation followed by
distillation of the crude product afforded 280 g (85 %) of 6 as colourless oil. B.p. 135-140°/0.01 Torr. '"H-NMR (80
MHz, CDCly): 7.50-7.25 (m, 10 arom. H); 4.65 (s, PhCH,0); 4.25 (¢, CH;CH,0); 1.70 (s, Me); 1.30 (¢, CH;CH,0).

Ethyl 2-( Benzyloxy )acrylate (7). To a soln. of 6 (280 g, 0.89 mol) in dry DMF (700 ml), P,O; (6.8 g, 0.48 mol)
was added under strong stirring. The mixture was heated for 1 h at 100°, cooled to r.t., poured onto sat. aq.
NaHCO; soln. (1500 ml), and extracted with Et,O (4 x 200 ml). The combined org. layers were washed with H,O
(300 ml), dried (MgSO,), and evaporated. Distillation gave 157 g (86 %) of 7 as colourless oil. B.p. 85-87°/0.01
Torr. TLC (petroleum ether/AcOEt 9:1): R, 0.40. 'H-NMR (80 MHz, CDCl): 7.40 (m, 5 arom. H); 5.35 (d,
J = 2.0, H-C(3)); 4.85 (s, PACH,0); 4.62 (d, J = 2.0, H'—C(3)); 4.23 (g, CH;CH;0); 1.32 (1, CH;CH,0). Anal.
calc. for C;,H;,40; (206.2): C 69.90, H 6.84; found: C 69.68, H 6.92.

Ethyl 2-( Benzyloxy )-3-( phenylthio) propionate (8). To a soln. of 7 (140 g, 0.68 mol) and thiophenol (82.2 g,
0.75 mol) in abs. THF (500 ml), IMm Bu,NH/THF (10 ml) was added under N,. The mixture was refluxed for 24 h,
1M Buy,NF/THF (5 ml) added, and the mixture refluxed for additional 12 h. The cold soln. was diluted with Et,0
(200 ml), washed with 1M NaHCO; (2 x 150 ml) and H,O (100 ml), dried (MgSQy), and evaporated. Distillation
afforded 159 g (74%) of 8 as colourless oil and 20 g (14%) of 7. B.p. 170-175°/0.01 Torr. TLC (petroleum
ether/AcOEt 9:1): R¢0.38. 'H-NMR (80 MHz, CDCls): 7.50-7.20 (m, 10 arom. H); 4.72 (d, J = 12, PhCH,0); 4.48
(d, PhCH,0); 4.18 (¢, CH;3CH,0); 4.08 (dd, H—C(2)); 3.30 (dd, 2 H—C(3)); 1.25 (¢, CH;CH,0).

(Z)-2-( Benzyloxy )- N-methyl-3-( phenylthio ) (3-°H )acrylamide (10). LDA (7.36 mmol) in hexane/THF was
slowly and dropwise added to a soln. of 3 (1.0 g, 3.34 mmol) in dry THF (30 ml) at —80°. After 1 h at —80°, MeOD
(0.5 ml) was added and stirring continued for 30 min. Then, the mixture was warmed up to 0°, poured onto sat. aq.
NH,CI soln. (100 m}), extracted with Et,O (3 x 50 ml), dried (MgSQ,), and evaporated. The residue was treated
with ACOEt (ca. 1 ml), and addition of petroleum ether gave 900 mg (90 %) of 10 (deuteration 95%).

2,3:4,5-Di-O-isopropylidene- p-arabinose (11) was prepared according to [17] and freshly distilled (bulb to
bulb) before each reaction. B.p. 80-90°/0.04 Torr (oven temp.).

(227 )-2-O-Benzyl-3-deoxy-5,6 : 7,8-di- O-isopropylidene- N-methyl-3- ( phenylthio )- D- manno-oct-2-enonamide
(12) and (2Z)-2-O-Benzyl-3-deoxy-5.,6 :7,8-di- O-isopropylidene- N-methyl-3-( phenylthio )- p-gluco-oct-2-enona-
mide (12'). a) Without HMPT: LDA (55.2 mmol) in hexane/THF was slowly and dropwise added to a soln. of 3
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(7.5 g,25.05 mmol) in dry THF (180 ml) at —80°. After 30 min, fine colourless crystals precipitated, and the mixture
was stirred for additional 60 min. Then, 11 (6.91 g, 30.0 mmol) was added and stirring continued for 2 h at —80°.
The soln. was warmed up to ~20° and poured onto ice/H,O after 5 h. The mixture was acidified to pH 1 with conc.
HClI soln., extracted with Et,O (3 x 300 ml), the extract washed with sat. aq. NaHCOj; soln., dried (MgSO,), and
evaporated, and the residue dissolved in AcOEt (20 ml) and treated slowly with petroleum ether: 5.3 g (60 %) of 12
as colourless crystals (overall yield 75%).

b) With HMPT: Asin Exper. a, with LDA (29.4 mmol) and 3 (4.0 g, 13.36 mmol) in dry THF (120 ml). To the
colourless suspension of the dianion, HMPT (7.0 ml, 40.2 mmol) was added. The precipitate dissolved completely,
and after 1 h, 11 (3.68 g, 16.03 mmol) was added. After reaction and workup as in Exper. a, 5.3 g (75%) of 12 as
colourless crystals were obtained (overall yield 85%). M.p. 113-113.5° TLC (petroleum ether/AcOEt 6:4): R;0.37.
{13} = +197 (¢ = 1, CHCly). 'H-NMR (250 MHz, CDCl): 7.46-7.41 (m, 2 arom. H); 7.32-7.18 (m, 8 arom. H);
6.78 (d, J = 4.88, MeNH); 5.57 (d, J = 7.32, OH); 4.83 (s, PhCH,0); 4.51 (dd, J(4,5) = 8.54, H~-C(4)); 4.23-4.08
(m, H-C(5), H-C(6), H—C(7)); 4.02-3.94 (m, 2 H—C(8)); 2.82 (d, MeNH); 1.43, 1.36, 1.35, 1.34 (45, 4 Me). Anal.
calc. for C,3H3sNO4S (529.6): € 63.50, H 6.66, N 2.65; found: C 63.42, H 6.59, N 2.67.

Isomer 12’ was only isolated as crude product.

2-O-Benzyl-3-deoxy-5,6 :7,8-di- O-isopropylidene-3-( phenylthio )- D-manno-oct-2-enono-1,4-lactone  (13). A
suspension of 12 (8.8 g, 16.6 mmol) in AcOEt (10 ml) and petroleum ether (100-140°; 100 ml) was heated under
reflux for 6 h. The soln. was evaporated and chromatographed (petroleum ether/AcOEt 8:2, R;0.51) to give 8.1 g
(91%) of 13 as colourless oil. [« ]} = +278.5 (¢ = 1, CHCl,). "H-NMR (250 MHz, CDCL,): 7.37-7.27 (m, 10 arom.
H); 5.37 (s, PhACH,0); 4.99 (d, J(4,5) = 2.75, H-C(4)); 4.26 (dd, J(5,6) = 6.1, H—C(5)); 4.09 (dd, J(6,7) =71.93,
H~C(6)); 4.01 (m, H—C(7)); 3.91-3.82 (m, 2 H-C(8)); 1.36, 1.35, 1.34, 1.33 (4s, 4 Me). Anal. calc. for C»;H3,0,S
(498.5): C 65.05, H 6.07; found: C 64.86, H 6.17.

3-Deoxy-5.6 :7,8-di- O-isopropylidene- b-glycero-D-talo-octono-1,4-lactone (14). To a soln. of 13 (4.1 g, 8.22
mmol) in dry EtOH (100 ml) freshly prepared Raney-Ni W-2 (ca. 10-15 g) was added. The reaction was followed by
TLC (petroleum ether/AcOEt 1:1, R;0.37). After 2 h, the Raney- Ni was filtered off and washed with EtOH and
acetone. The combined org. layers were evaporated and filtered over silica gel. Recrystallization from Et,O/petro-
leum ether gave 2.14 g (86%) of 14. [} = +17.9 (¢ = 1, CHCl3). 'H-NMR (250 MHz, CDCLy): 4.75 (ddd,
J(4,5) =275, J(3,4)=8.55, H-C(4)); 4.51 (ddd, J =549, J(2,3)=J(2,3)=8.55, H-C(2)); 4.31 (dd,
J(5,6) =793, H~C(5)); 4.19-4.05 (m, H-C(7), H-C(8)); 3.97 (dd, J(6,7)=4.58, H-C(6)); 3.61 (dd,
J(7,8)=J(8,8) =790, H—C(8)); 3.25 (d, OH); 2.58 (ddd, J(3,3") = 13.2, H-C(3)); 2.35 (ddd, H'-C(3)); 1.43,
1.40, 1.39, 1.35 (45, 4 Me). Anal. calc. for C,4H,,04 (302.3): C 55.63, H 7.34; found: C 55.86, H 7.25.

3-Deoxy-D-glycero-D-talo-octono-1,4-lactone (15). A mixture of 14 (500 mg, 1.65 mmol) and 10% aq.
CF;COOH soln. (20 ml) was stirred for 15 h at r.t. The soln. was diluted with toluene (20 ml), evaporated, and
again co-evaporated with toluene (20 ml). The colourless crystalline residue was treated with EtOH/Et,0 to give
350 mg (95%) of colourless crystals. M.p. 174-175° ([19}: 174.5-175.5°). [«)%s = ~8.9 (¢ =1, H,0; [19]:
[13s = =9.6 (¢ = 1.7, H,0)).

2-O-Benzyl-3-deoxy-5,6 :7,8-di- O-isopropylidene-3-( tributylstannyl)- D- manno-oct-2-enono-1,4-lactone  (16).
To a soln. of 13 (6.6 g, 13.24 mmol) and Bu,SnH (11.56 g, 39.72 mmol) in dry benzene (100 ml), 2,2’-azo-bis[isobu-
tyronitrile] (AIBN; 100 mg) was added. After heating for 8 h under reflux, the mixture was poured onto ag. sat.
NaHCO; soln. (100 ml), extracted with Et,O (3 x 100 ml), dried (MgSO,), and evaporated. The residue was
purified by chromatography on silica gel (petroleum ether/AcOEt 9:1, R;0.33) giving 7.05 g (78 %) of colourless
oil. [x]Hg = +13.3 (¢ = 1, CHCL;). 'H-NMR (250 MHz, CDCl,): 7.39-7.29 (m, 5 arom. H); 5.36 (d, / = 11.3, 1 H,
PhCH,0); 5.26 (d, 1 H, PhCH,0); 4.86 (d, J(4,5) = 7.6, H—C(4)); 4.30-4.20 (m, H-C(6), H—C(7)); 4.06-3.92 (m,
2 H-C(8)); 3.45 (dd, J(5,6) = 6.4, H-C(5)); 1.45, 1.44, 1.38, 1.36 (4s, 4 Me). Anal. calc. for C33H5,0,Sn (679.4):
C 58.34, H 7.72; found: C 58.18, H 7.58.

2-0-Benzyl-3-deoxy-5,6 : 7,8-di- O-isopropylidene- D-manno-oct-2-enono-1,4-lactone (17). To a soln. of 16
(7.89 g, 11.61 mmol) in dry toluene (100 ml), pyridinium hydrobromide (9.2 g, 58 mmol) was added. The mixture
was heated under reflux for 24 h, filtered, and evaporated. The residue was chromatographed (petroleum ether/
AcOEt 7:3, R;0.41): 4.26 g (94%) of colourless crystals. M.p. 102-103°. [« ]2}g = +26.7 (¢ = 1, CHC);). "H-NMR
(250 MHz, CDCl,): 7.41-7.34 (m, 5 arom. H); 6.14 (d, J(3,4) = 2.14, H-C(3)); 5.03-5.00 (m, PhCH,0, H—C(4));
4.12-4.05 (m, H—C(5), H—C(6), H—C(7)); 3.98-3.85 (m, 2 H—C(8)); 1.41, 1.38, 1.34, 1.33 (4s, 4 Me). Anal. calc. for
CyHys04 (390.4): C 64.61, H 6.71; found: C 64.74 H 6.85.

2-0O-Benzyl-3-bromo-3-deoxy-5,6 :7,8-di- O-isopropylidene- D- manno-oct-2-enono-1 4-lactone (18). To an ice-
cooled soln. of 16 (2.27 g, 3.34 mmol) in dry CH;Cl, (30 ml), a soln. of Br, (530 mg, 3.34 mmol) in CH,Cl, (5 ml)
was added dropwise. After the reaction was completed (light red soln.), the mixture was poured onto aq. sat.
NaHCO; soln. (50 ml), extracted with CHCl; (3 x 30 ml), dried (MgSO,), and evaporated. For purification, the
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residue was chromatographed on silica gel (petroleum ether/AcOEt 85:15, R;0.40). Addition of petroleum ether to
the colourless oil afforded 1.46 g (93%) of 18 as colourless crystals. M.p. 52-53°. [a13}; = +2.3 (¢ = 1, CHCl,).
'H-NMR (250 MHz, CDCly): 7.44-7.33 (m, 5 arom. H); 5.47 (s, PACH,0); 5.13 (4, J(4,5) = 2.44, H—C(4)); 4.38
(dd, J(5,6) = 6.41, H-C(5)); 4.12 (dd, J(6,7) = 7.93, H-C(6)); 4.04-3.88 (m, H-C(7), 2 H-C(8)); 1.40, 1.37, 1.36,
1.32 (4s, 4 Me). Anal. calc. for C; H,sBrO, (469.3): C 53.75, H 5.37, Br 17.03; found: C 53.87, H 5.35, Br 17.10.

3-Deoxy-5,6 :7 8-di- O-isopropylidene- D-manno-oct-2-enono-1 4-lactone (19). A suspension of 17 (3.6 g, 9.22
mmol) and 10% Pd/C (500 mg) in abs. AcOEt (50 ml) was stirred under H, for 2 h (TLC monitoring (petroleum
ether/AcOEt 7:3), R;0.20). Filtration, evaporation, and recrystallization from AcOEt/petroleum ether gave 2.65 g
(95%) of 19 as colourless crystals. Physical properties: in accordance with [4a]. Enol/keto form ca. 9:1. 'H-NMR
(250 MHz, CDCl,/C¢Dg 4:1): 6.09 (d, J(3,4) = 1.83, H-C(3)); 6.06 (s, 0.9 H, OH); 4.99 (dd, J(4,5) = 4.58, 0.9 H,
H—-C(4)); 4.11 (dd, J (5,6) = 6.41, H-C(5)); 4.07-3.88 (m, H-C(6), H—C(7), | H-C(8)); 3.77-3.71 (m, ] H-C(8));
2.72 (dd, J(3,4) = 3.36, J(3,3") = 18.9, 0.1 H, H-C(3)); 2.46 (dd, J(3’,4) = 8.24, H'—C(3)); 1.37, 1.35, 1.34, 1.29
(43, 4 Me).

(2E )-2-O-Benzyl-3-deoxy-5,6 :7,8-di-O-isopropylidene- N-methyl- b-manno-oct-2-enonamide (20). A soln. of
17 (1.0 g, 2.56 mmol) in 5.6M MeNH,/MeOH was stirred for 2 h at r.t. Evaporation and chromatography
(petroleum ether/AcOEt 7:3, R;0.32) afforded 990 mg (92 %) of 20 as colourless oil. "H-NMR (250 MHz, CDCl,):
7.42-7.30 (m, 5 arom. H); 6.82 (d, J = 4.57, MeNH); 5.54 (d, J(3,4) = 6.7, H-C(3)); 4.94 (dd, J(4,5) = 5.49,
H—-C(4)); 4.86 (br. s, OH); 4.84 (d, J = 10.98, 1 H, PhCH,0); 4.76 (d, J = 10.98, 1 H, PhCH,0); 4.23-3.84 (m,
H—C(5), H=C(6), H-C(7), 2 H-C(8)); 2.84 (d, MeNH); 1.40, 1.38, 1.33 (35, 4 Me). Anal. calc. for C»,H; NO;
(421.5): C 62.69, H 7.41, N 3.32; found: C 62.56, H 7.54, N 3.48.

3-Deoxy-5,6 :7,8-di- O-isopropylidene- N-methy!- D- manno-2-octulosonamide (21). a) From 20: A suspension of
26 (210 mg, 0.5 mmol) and 10% Pd/C (ca. 50 mg) in abs. AcOEt (15 ml) was stirred under H; for 2 h. The mixture
was filtered and the residue evaporated. Chromatography (petroleum ether/AcOEt 4:6, R;0.42) gave 80 mg (48%)
of 21.

b) From 17 via 19: A suspension of 17 (5 g, 12.8 mmol) and 10% Pd/C (1 g) in dry AcOEt (40 ml) was stirred
under H, for 1 h. The mixture was filtered, the filtrate evaporated, and the residue chromatographed over silica gel
(AcOEt). After evaporation, a soln. of the residue in 5.6M MeNH,/EtOH (100 ml) was stirred for 12 h at r.t.,
evaporated again, and chromatographed (petroleum ether/AcOEt 6:4, R; 0.42) giving 3.5 g (83%) of 21.
[x]#g = +10.5 (¢ = 1, CHCly). '"H-NMR (250 MHz, CDCly): 6.95 (br. 5, MeNH); 4.27-3.70 (m, 7 H); 3.30 (dd,
J(3,3)=16.7, J(3',4) = 3.96, H'—C(3)); 3.14 (dd, J(3,4) = 8.24, H-C(3)); 2.89 (d, J/ = 5.18, MeNH); 1.44, 1.34
(25, 4 Me). Anal. calc. for CysH,sNO; (331.4): C 54.37, H 7.60, N 4.23; found: C 54.18, H 7.66, N 4.05.

4,5:7,8-Di-O-cyclohexylidene-3-deoxy- N-methyl-o- D-manno-2-octulopyranosonamide (22). To a soln. of 21
(2.73 g, 6.5 mmol) in CH,Cl, (30 ml), 10% aq. CF;COOH soln. (15 ml) was added. After stirring for 6 h atr.t., the
mixture was evaporated and the residue coevaporated 3 times with toluene (20 ml). The residue was chromato-
graphed (CHCI;/CH;0H 6:4, R; 0.41). To the colourless product in freshly distilled cyclohexanone (50 ml),
1-(trimethylsiloxy)cyclohexene (1.4 ml, 7.15 mmol) and BNPP (550 mg, 1.6 mmol) were added. After 72 hat r.t.,
again 1-(trimethylsilyloxy)cyclohexene (1.4 ml, 7.15 mmol) and BNPP (550 mg, 1.6 mmol) were added. After
additional 24 h, the mixture was evaporated, the residue filtered over silica gel (petroleum ether/AcOEt 1:3, R;
0.47), and the crude product chromatographed (petroleum ether/AcOEt 1:2): 2.24 g (84%) of 22. [x 3}, = —8.3
(¢ = 1.5, CHCly). '"H-NMR (250 MHz, CDCl,): 8.01 (br. s, MeNH); 4.56 (ddd, J(4,5) = 7.62, H-C(4)); 4.40 (dd,
J(5,6) = 1.83, H—C(5)); 4.23 (ddd, J(6,7) =8.53, J(7,8) = 2.74, J(7,8") = 4.57, H-C(7)); 4.04-3.91 (m, H-C(8),
H'—C(8)); 3.61 (dd, H—-C(6)); 2.84 (d, J =4.57, MeNH); 2.48 (dd, J(3eq,3ax)=16.78, J(3eq,4)=2.44,
H,—C(3)); 2.40 (br. 5, OH); 2.03 (dd, J(3ax,4) = 3.05, H,—C(3)); 1.73-1.23 (m, 2 C¢H,(). Anal. calc. for
C5,H33NO;- 0.5 HyO (420.5): € 59.98, H 8.15, N 3.33; found: C 60.16, H 8.05, N 2.94.

2-O-Benzyl-3-deoxy-5 ,6- O-isopropylidene-D- manno-oct-2-enono-1,4-lactone (23). To a soln. of 17 (2.0 g, 5.12
mmol) in acetone (60 ml), 50% aq. CF;COOH (37 ml) was added. After 1 h, the mixture was poured onto aq. sat.
NaHCO; soln., extracted with CHCl,, dried (MgSQO,), and evaporated. Chromatography (petroleum ether/AcOEt
1:2, R;0.35) gave 1.4 g (78%) of 23. [x]2}s = +19.4 (¢ = 3, CHCI,). 'H-NMR (80 MHz, CDCl,): 7.40-7.33 (m, 5
arom. H); 6.21 (d, J(3,4) = 2.13, H-C(3)); 5.03 (s, PhCH,0); 4.97 (dd, J(4,5) =5.79, H—C(4)); 4.05-3.94 (m,
H—-C(5), H—C(6)); 3.80-3.67 (m, H—C(7), 2 H-C(8)); 2.17 (br. 5, 2 OH); 1.39, 1.36 (25, 2 Me). Anal. calc. for
C3H»,05 (350.4): C 61.71, H 6.33; found: C 61.47, H 6.37. .

(2E)-2-O-Benzyl-3-deoxy-5,6- O-isopropylidene- N-methyl- D- manno-oct-2-enonamide (24). A soln. of 23 (720
mg, 2.05 mmol) in 5.6M MeNH,/EtOH (40 ml) was stirred for 5 h at r.t. Evaporation (bath temp. < 30°) and
silica-gel chromatography (AcOEt/acetone 6:4, R; 0.47) afforded 695 mg (89 %) of colourless crystals. M.p. 94°.
[x]3 = +52.4 (¢ = 1, CHCl;). '"H-NMR (250 MHz, CDCl5): 7.44-7.33 (m, 5 arom. H); 6.86 (d, J = 5.18, MeNH);
6.45 (br. s, OH); 5.60 (d, J(3,4) = 5.18, H-C(3)); 4.81 (dd, PhCH,0); 4.68-4.60 (m, H—C(4), OH); 4.02-3.72 (1,



222 HEeLvEeTICA CHIMICA ACTA — Vol.72 (1989)

H-C(5), H—C(6), H-C(7), 2 H-C(8)); 2.87 (d, MeNH); 2.69 (br. s, OH); 1.42, 1.38 (s, 2 Me). Anal. calc. for
CyoHy;NO; (381.4): C 59.83, H 7.14, N 3.67; found: C 59.34, H 7.15, N 3.63.

(2E)-4,7,8-Tri-O-benzoyl-2-O-benzyl-3-deoxy-5,6-O-isopropylidene-N-methyl-D-manno-oct- 2-enonamide
(25). To a soln. of 24 (425 mg, 1.12 mmol) in pyridine (20 ml), benzoyl chloride (0.78 ml, 6.7 mmol) was added
under ice-cooling, After 24 h at r.t., the mixture was poured onto H,0, extracted with Et,0, and dried (MgSOy,).
Evaporation followed by silica-gel chromatography (petroleum ether/AcOEt 6:4, R; 0.46) gave 520 mg (71 %) of
25 as a foam. [a2ls = +56.2 (¢ = 1, CHCls). '"H-NMR (250 MHz, CDCl,): 8.11-7.31 (m, 20 arom. H); 6.99 (dd,
J(3,4)=8.79, J(4,5) = 2.68, H-C(4)); 6.66 (br. s, MeNH); 5.72 (ddd, H—C(7)); 5.24 (d, H—C(3)); 4.89 (dd,
J(7,8)=13.18, J(8,8) = 11.97, H-C(8")); 4.82 (d, J = 10.98, 1 H, PhCH,0); 4.74 (d, J = 10.98, 1 H, PhCH,0);
4.70-4.65 (m, H-C(8), H-C(5)); 4.60 (dd, J (6,5) = 7.33, J(6,T) = 5.13, H—-C(6)); 2.83 (d, J = 4.88, MeNH); 1.43,
1.39 (s, 2 Me). Anal. calc. for CyyH;3yNO,,-H,0 (711.8): C 67.50, H 5.81, N 1.96; found: C 67.53, H 6.03, N 1.72.

(3E)-7,8-Di-O-benzoyl-3 4-dideoxy- N-methyl-p-arabino-oct-3-en-2-ulosonamide (26). To a soln. of 25 (510
mg, 0.735 mmol) in CH,Cl, (5 ml), 80% aq. CF;COOH (5 ml) was added. After 5 h at r.t., the mixture was
concentrated and filtered over silica gel (petroleum ether/AcOEt 1:2, R;0.40). Recrystallization gave 140 mg (44 %)
of 26 as colourless crystals. M.p. 142-143°. [a i, = +17.5 (¢ = 1, CH;0H). '"H-NMR (80 MHz, CDCL/CD;0D):
8.03-7.21 (m, 10 arom. H, MeNH, H—C(3), H-C(4)); 5.54 (ddd, J (6,7) = 8.84, J(7,8") = 2.44, H—C(7)); 4.88 (dd,
J(8,8) =12.5, H-C(8%)); 4.71 (dd, H—C(8)); 4.48 (br. s, H—C(5)); 4.04 (dd, J(5,6) = 1.83, H—C(6)); 2.88 (d,
J =5.18, MeNH). Anal. calc. for C,3H,3NOg (441.4): C 62.58, H 5.25, N 3.17; found: C 62.46, H 5.34, N 2.94.

(3E )-7.8-Di- O-benzoyl-3 4-dideoxy-5,6- O-isopropylidene- N-methyl-p-arabino-oct-3-en-2-ulosonamide (27).
To a soln. of 25 (760 mg, 1.09 mmol) in CH,Cl, (5 ml), 50% aq. CF;COOH (5 ml) was added. After4 hatr.t, the
mixture was poured onto sat. aq. NaHCO; soln., extracted with CHCl;, and dried (MgSO,). Evaporation and
chromatography (petroleum ether/AcOEt 1:1, R; 0.60) and recrystallization from Et,O/petroleum ether afforded
460 mg (88%) of 27 as colourless crystals. [a]2}5 = +21.3 (c = 1.6, CHCl;). '"H-NMR (250 MHz, CDCl;):
8.02-7.26 (m, 10 arom. H, H—C(3)); 7.18 (dd, J(3,4) = 14.86 J(4, 5) = 4.88, H-C(4)); 6.94 (d, J = 4.88, MeNH);
5.63 (ddd, J(1,8)=6.1 J(7,8)=3.05, J(6,7) =7.62, H-C(7)); 4.81 (dd, J(8,8')=12.2, H-C(8")); 4.71 {dd,
J(5,6) = 1.62, H=C(5)); 4.56 (dd, H-C(8)); 4.21 (dd, H—C(6)); 2.85 (d, MeNH); 1.48, 1.47 (25, 2 Me). Anal. calc.
for CosH,7;NOg (481.5): C 64.86, H 5.65, N 2.91; found: C 64.59, H 5.64, N 2.79.

2,4,5,7,8-Penta-O-acetyl-3-deoxy- N-methyl-bD-manno-2-octulopyranosonamide ~ (28), 2,4,5,7,8-Penta-O-
acetyl-3-deoxy- N-methyl-f- p-manno-2-octulofuranosonamide (29), and 24,5,78-Penta-O-acetyl-3-deoxy-N-
methyl-a- D-manno-2-octulofuranosonamide (30). To a soln. of 21 (830 mg, 2.51 mmol) in CH,Cl, (20 ml), 10% aq.
CF3;COOH (15 ml) was added. After 12 h at r.t., the mixture was concentrated and coevaporated 3 times with
toluene. To the colourless oil in abs. pyridine, freshly distilled Ac,O (10 ml) was added under ice-cooling, and the
mixture was stirred for 12 h at r.t. Evaporation and coevaporation with toluene followed by chromatography
(AcOEt) afforded 500 mg (44 %) of 28, 250 mg (22%) of 29, and 140 mg (12%) of 30.

28: TLC (AcOEt): R;0.57. [x]3}5 = +117.8 (¢ = 3, CHCly). '"H-NMR (400 MHz, CDCl,): 6.65 (d, J = 4.88,
MeNH); 5.40 (br. s, H-C(5)); 5.34 (ddd, J(4,5) = 3.05, J(3ax,4) = 12.32, J(3eq,4) = 4.88, H—C(4)); 5.19 (ddd,
J(7,8) =4.39,J(6,7) =9.89, H—C(7)); 4.48 (dd, J(8,8") = 12.33, H—C(8")); 4.13 (dd, J (5, 6) = 1.22, H-C(6)); 4.03
(dd, H-C(8)); 2.88 (d, Me NH); 2.34 (dd, J (3ax, 3eq) = 12.82, H,;—C(3)); 2.12, 2.10, 2.05, 2.01, 1.99 (4s, 5 Ac); 1.94
(dd, Hy—C(3)). Anal. calc. for C,oH,;NOy, (461.4): C 49.46, H 5.90, N 3.04; found: C 49.22, H 5.75, N 3.25.

29: TLC (AcOEt): R;0.50. [a 24 = —60.8 (¢ = 2.5, CHCI;). '"H-NMR (400 MHz, CDCl,): 6.86 (d, J = 4.63,
MeNH); 5.32 (dd, J(6,7) = 4.64, J(5,6) = 4.15, H—C(6)); 5.26 (ddd, J(7,8) = 5.74, J(1,8’) = 3.3, H-C(7)); 5.07
(ddd, J(3,4) =195, J(3,4) =132, J(4,5) =281, H-C(4)); 4.52 (dd, H-C(5)); 4.34 (dd, J(8,8)=1221,
H—C(8")); 4.26 (dd, H—C(8)); 2.86 (d, MeNH); 2.56 (dd, J(3,3") = 15.01, H—C(3)); 2.37 (dd, H'—C(3)); 2.12, 2.11,
2.10, 2.09 (4s, 5 Ac). Anal. calc. for C;gH,7NO;, (461.4): C 49.46, H 5.90, N 3.04; found: C 49.68, H 5.94, N 2.92.

30: TLC (AcOEY): R;0.48. [x]2}; = +95.1 (¢ = 1.2, CHCly). '"H-NMR (250 MHz, CDCl;): 6.84 (d, J = 4.88,
MeNH); 5.31-5.22 (m, H—C(6), H-C(4), H—C(7)); 4.44 (dd, J(8,8') = 12.5, J(7,8) = 2.74, H'—C(8)); 4.37 (dd,
J(5,6) = 4.88, H-C(5)); 4.14 (dd, J(7,8) = 6.4, H—C(8)); 2.91 (dd, J(3,4) = 7.0, H—C(3)); 2.86 (d, MeNH); 2.30
(dd, J(3',4) =57, J(3,3) = 14.2, H'=C(3)); 2.11-2.06 (m, 5 Ac). Anal. calc. for C;gH,;NO,, (461.4): C 49.46,
H 5.90, N 3.04; found: C49.36, H 6.00, N 3.17.

4,5,7,8-Tetra- O-acetyl-3-deoxy-N-methyl- p-manno-2-octulopyranosonamide (31). To a soln. of 28 (100 mg,
0.22 mmol) in abs. DMF (1 ml) was added hydrazine acetate (22 mg, 0.3 mmol). After heating to 50° for 30 min, the
mixture was diluted with AcOEt and washed with sat. aq. NaCl soln. The org. layer was dried (drierite).
Evaporation and chromatography (AcOEt, R;0.44) afforded 30 mg (32%) of 31. '"H-NMR (250 MHz, CDCl,):
6.44 (d, J = 4.88, MeNH); 5.41 (ddd, J(4,5) <1, J(3ax,4) = 13.3, J(3eq,4) = 4.27, J(4,5) = 3.05, H-C(4)); 4.40
(br. s, H=C(5)); 4.16 (ddd, J(7,8)=2.13, J(7,8) = 5.18, H—C(7)); 4.53 (br. s, OH); 4.40 (dd, J(8,8')=12.2,
H—C(8')); 4.34 (dd, J(5,6) = 0.91, J(6,7) = 9.76, H—C(6)); 4.16 (dd, H—C(8)); 2.91 (d, MeNH); 2.12-1.93 (m, 4
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Ac, H—C(3ax), H—C(3eq)). Anal. calc. for C;7HsNOy-H,0 (428.4): C 47.66, H 6.12, N 3.27; found: C 47.74,
H6.19, N 3.27.

REFERENCES

[11 F.M. Unger, Adv. Carbohydr. Chem. Biochem. 1981, 38, 323, and ref. cit. therein.

[2] E.Th. Rietschel, L. Brade, U. Schade, U. Seydel, U. Zahringer, S. Kusumoto, H. Brade, in ‘Surface Structures
of Microorganisms and their Interaction with Mammalian Hosts. Workshop Conferences Hoechst’, Eds. E.
Schrinner, M.H. Richmond, G. Seibert, and U. Schwarz, VCH Verlagsgesellschaft mbH, Weinheim, 1988,
Vol. 18, p. 1; and ref. cit. therein.

[3]1 R.R. Schmidt, R. Betz, Angew. Chem. 1984, 96, 420; ibid. Int. Ed. 1984, 23, 430.

[4] a) P.M. Collins, W.G. Overend, T. Shing, J. Chem. Soc., Chem. Commun. 1981, 1139; b) D. Charon, R.S.
Sarfati, R.R. Strobach, L. Szabo, Eur. J. Biochem. 1969, 11, 364; ¢) M.B. Perry, D.T. Williams, Meth.
Carbohydr. Chem. 1966, 7, 44; M. Imoto, S. Kusumoto, T. Shiba, Tetrahedron Lett. 1987, 28, 6235.

[5] a) M.A. Ghalambor, E.M. Levine, E.C. Heath, J. Biol. Chem. 1966, 241, 3207; b) N.K. Kochetkov, B.A.
Dimitriev, L. V. Backinovsky, Carbohydr. Res. 1969, 11, 193.

[6] a) C. Hershberger, S. B. Binkley, J. Biol. Chem. 1968, 243, 1578; b) C. Hershberger, M. Davis, S. B. Binkley,
ibid. 1968, 243, 1585; c) P. A. McNicholas, M. Batley, J. W. Redmond, Carbohydr. Res. 1986, 146, 219.

[7] S.J. Danishefsky, W. H. Pearson, B. E. Segmuller, J. Am. Chem. Soc. 1985, 107, 1280.

[8] D. Lafont, M. Hoch, R.R. Schmidt, J. Carbohydr. Chem. 1986, 5, 601.

[91 a) A. Enhsen, R.R. Schmidt, submitted to Liebigs Ann. Chem.; b) A. Ehnsen, Dissertation, Universitdt
Konstanz, 1988.

[10] a) R.R. Schmidt, Bull. Soc. Chim. Belg. 1983, 92, 825; b) R.R. Schmidt, in ‘Organic Synthesis, an Inter-
disciplinary Challenge’, Vth JUPAC Symposium, Eds. J. Streith, H. Prinzbach, and G. Schill, Backwell
Scientific Publications, Oxford, 1985, p.281.

[11] R.R. Schmidt, A. Esswein, Angew. Chem. 1988, 100, 1234.

[12] R. Betz, Dissertation, Universitit Konstanz, 1984.

[13] A. Esswein, Dissertation, Universitdt Konstanz, 1988.

[14] R.R. Schmidt, A. Enhsen, R. Betz, Synthesis 1985, 160.

[15] a) R.R. Schmidt, H. Speer, B. Schmid, Tetrahedron Lett. 1979, 20, 4277; b) R. R. Schmidt, H. Speer, ibid.
1981, 22, 4259.

[16] B.A. Feit, B. Haag, J. Kast, R. R. Schmidt, J. Chem. Soc., Perkin Trans. 1 1986, 2027.

[17] H. Zinner, E. Wittenburg, G. Rembarz, Chem. Ber. 1959, 92, 1614.

[18] M. Cherest, H. Felkin, N. Prudent, Tetrahedron Let:. 1968, 2139,

[19] D.T. Williams, M. B. Perry, Can. J. Biochem. 1969, 47, 691.

[20] A.J. Pallenberg, J.D. White, Tetrahedron Lett. 1986, 27, 5591.

[21] M. Imoto, N. Kusunose, Y. Matsuura, S. Kusumoto, T. Shiba, Tetrahedron Lett. 1987, 28, 6277.

[22] R.R. Schmidt, Angew. Chem. 1986, 98, 213; ibid. Int. Ed. 1986, 25, 212.

[23] R.R. Schmidt, A. Enhsen, R. Betz, Synthesis 1985, 160.

[24]1 F.M. Unger, D. Stix, G. Schulz, Carbohydr. Res. 1980, 80, 191.





