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Abstract: The addition of the lithium derivative of N-Boc 4-ethy-
nyl-2,2-dimethyl-1,3-oxazolidine to tetra-O-benzyl-D-gluco- and
galactonol actone and 2-azido-2-deoxy congeners afforded the cor-
responding ethynyl ketosesin fairly good yields (64—78%). Follow-
ing the conversion of the ketosesinto O-acetates and removal of the
acetoxy group by silane reduction, the resulting B-linked ethynyl
glycosides were transformed into N-Boc C-glycosyl a-aminobutyr-
ic acids by reduction of the triple bond using H,/Pd(OH), and oxi-
dative cleavage of the oxazolidine ring using the Jones’ reagent.
After the removal of O-benzy! groups of the carbohydrate moieties
by hydrogenation and the reduction of azido to amino group, al
compounds were subjected to acetylation and isolated as O- and N-
acetyl derivatives. The C-glycosyl a-amino acids prepared corre-
spond to methylene isosteres of O-glycosy! serines.

Key words: akynyl glycosides, glycopeptides, C-glycosides, C-
glycosyl amino acids

Among the various types of glycosyl amino acids featur-
ing an unnatural anomeric carbon linkage between the
carbohydrate and the glycinyl moiety, CH(NH,)CO,H (C-
glycosyl amino acids), the a- and B-linked C-glycosyl
serines shown in the Figure (X = CH,) arein theforefront
of current synthetic work in this field of research.! These
compounds as methylene isosteres of O-glycosyl serines
(X = 0), the main constituents of naturally occurring O-
glycopeptides and proteins, are precioustool sin studies of
glycobiology directed toward a better understanding at
molecular level of the primary role exerted by glycansin
glycopeptide biological activity.? Moreover, given the ex-
pected higher resistance of the C-glycosidic bond with re-
spect to the O-glycosidic linkage toward the chemical and
enzymatic degradation, the C-glycosyl serines can be used
for the preparation of glycosidaseinhibitorsand lead com-
pounds for drug discovery.
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Figure Natura a-and p-linked O-glycosyl serines(X = O) and their
unnatural methyleneisosteres (X = CH,). One or more OR groupsre-
present mono- or oligosaccharide residues.
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Since natural O-glycopeptides feature carbohydrate resi-
dues of various complexity inwhich thefirst carbohydrate
moiety is either a-D-O-linked® or B-D-O-linked* to L-
serine (or threonine), both a-and B-D-C-glycosyl serines
incorporating mono-and oligosaccharide moieties are
high value artificial amino acids. However, the stereose-
lective installation of an a-amino acid chain at the anomer
carbon atom of sugars with a good control of the o/p se-
lectivity isby far anot trivial problem. An additional con-
cern is about the orthogonal protection of the hydroxy
groups of the carbohydrate residue and amino and carbox-
ylate groups of the glycinyl moiety, a prerequisite that
permits the use of these amino acids in solution or solid
phase peptide assembly. While these issues have been
only partially addressed, various synthetic methods lead-
ing to a- or B-linked C-glycosyl serines based on both lin-
ear and convergent techniques have been reported from
various laboratoriesincluding our own.>> Worth mention-
ing here are the methods of Dorgan and Jackson,® Beau
and Skrydstrup,” and our procedure® which were especial-
ly designed for the preparation of a-linked methylene
isosteres of glycosyl serines viathe coupling of homoala-
nine equivalent reagents with anomerically activated gly-
cosyl acceptors. However, in al instances the key C-
glycosidation reaction presented some limitations with re-
spect to a/B selectivity and/or chemical yield. Hencethere
is still a pressing need for synthetic methods leading to
these C-glycosyl amino acids endowed with generality,
simplicity, and high efficiency. We report here on a new
expeditious method for the synthesis of B-linked C-glyco-
syl serines employing the ethynyl oxazolidine 1 as a ho-
moalanine equivalent and sugar lactones as glycosyl
donors. While the latter compounds are classical reagents
in carbohydrate chemistry and can be prepared in a multi-
gram scale by oxidation of suitably protected glycopyra-
noses,” the alkyne 1 has recently become readily available
in an enantiomerically pure form through the efficient
procedure of Villalgordo and co-workers'® involving the
Horner—Wadsworth—-Emmons-type ethynylation of D-
serine derived aldehyde (Garner aldehyde),''? using di-
methyl 1-diazo-2-oxopropylphosphonate. It has been am-
ply demonstrated that the chiral ethynyl oxazolidine 1 can
be transformed into the corresponding lithium derivative
Li-1 under conditions which do not affect the configura-
tion of the stereocenter of the oxazolidinering (Scheme 1)
and that the latter reacts readily with carbonyl compounds
while maintaining the same stereochemical integrity. Also
the use of the other partner, the sugar lactones, in this new
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convergent approach to B-D-linked C-glycosyl serinesre-
lied on earlier reactions of these compounds with various
organometallic reagents including metalated acetylides®
to give ketoses which were deoxygenated selectively to -
C-glycosides.

o\)NB< BuLi
A THF, -30 °C

1 Li-1

O><NBOC
\N

Li

Scheme 1

A model reaction was generated by addition of adlight ex-
cess (1.3 equiv) of the lithium acetylide Li-1 generated in
situ as shown in Scheme 1 to the tetra-O-benzyl-D-galac-
tonolactone 2in THF at —30 °C. (Scheme 2). The reaction
afforded a mixture of diastereomeric galactose oxazolidi-
nylacetylenes 4 in 64% isolated yield. The use of the ceri-
um derivative of 1 (2 equiv) as reported in other addition
reactions of alkynes to sugar lactones,* resulted in the
formation of 4 in much lower yield (ca. 20%). Very likely
thisisdueto the presence of the N-Boc group which binds

Rl _0OBn

to organometallic reagent due to the high affinity of ceri-
um for oxygen and nitrogen atoms. Attemptsto reducethe
mixture of ketoses 4 under the standard anomeric deoxy-
genation conditions!? using Et;SiH, BF;-OEt, in CH,Cl,
at —10 °C induced mainly the cleavage of the acid-sensi-
tive oxazolidine ring, the key moiety of the side chain
which was devoted to serve as the glycinyl group equiva-
lent. However, the amost quantitative conversion of 4
into the mixture of ketose acetates 6 and treatment at —40
°C with the Et;SiH, TMSOTf (0.5 equiv) reducing sys-
tem, which was successfully employed in an earlier work
in our laboratory,® resulted in the formation of the B-
linked C-galactosyl alkyne 8 in arewarding 82% isolated
yield. These milder reaction conditions were compatible
with theintegrity of the oxazolidinering. Neverthelessthe
structure of this compound with particular regard to the
configuration of the stereocenter of the oxazolidine ring
was confirmed by transformation into the C-galactosyl al-
kane 14 via diimide reduction of the triple bond
(Scheme 3) and comparison with the same product pre-
pared by another route® Next, the elaboration of the
alkyne side-chain of 8 was carried out by two sequential
high yield steps. First of all, the hydrogenation over
Pd(OH), reduced the triple bond and at the same time re-
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Scheme?2 Galacto series: for 2, 4, 6, 8 Rt = OBn, R? = H; for 10 and 12 R! = OAc, R? = H. Gluco series: for 3,5, 7, 9 R = H, R? = OBn; for

11and 13R*=H, R?=0Ac
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moved the O-benzyl protective groups. The acetylation of
the resulting crude C-alkyl glycoside afforded the tetra-O-
acetyl derivative 10 (90% yield). Then this compound was
subjected to the oxidative cleavage of the N-Boc oxazoli-
dine ring using the Jones' reagent (CrO;, H,SO,, H,0) to
givein asingle step®!® the B-D-galactosyl a-aminobutyric
acid 12, the galactosyl serine methylene isostere (3-D-C-
Gal Ser) according to the structures shown in Figure 1.
The same reaction sequence was followed for the synthe-
sis of the B-linked glucosyl serine methylene isostere (jB-
D-C-Glc Ser, 13) by initial coupling of D-gluconolactone
3 with lithium ethynyloxazolidine Li-1. Yields of each
steps and stereosel ectivity in the crucial reductive step of
the alkynyl ketose acetate 7 were comparabl e to those reg-
istered in the galacto series.

As an expanded scope of the methodology we considered
the synthesis of the 2-acetamido-2-deoxy derivatives of
the above C-glucosyl and C-galactosyl serines. Although
in the high percentages of naturally occurring O-glu-
copeptides of cell surfaces, serine (or threonine) residues
are o-D-O-linked to N-acetylgalactosamine (GalNAc) or
N-acetylglucosamine (GIcNAc),’® B-D-O-linkages be-
tween the same amino acid and sugar residues have been
observed in nuclear and cytoplasmatic proteins.t” Hence
the synthesis of analogue glycosyl amino acids with -C-
linkages is undoubtedly of great interest.® The various
steps leading to the 2-acetamido-2-deoxy galactosyl
serine methyleneisostere (B-D-C-GalNAc Ser, 25) and the
glucosy! derivative (B-D-C-GIcNACc Ser, 26) starting from
the corresponding 2-azido-2-deoxygalacto- and glucono-
lactones 15 and 16 are shown in Scheme 4. While the ini-
tial step involving the addition of Li-1 to the lactones
occurred smoothly to givethe ketoses 17 and 18 in similar
good yields to those registered in Scheme 2, the deoxy-
genation of the ketose acetates 19 and 20 to the C-alkynyl
glycosides 21 and 22 presented some problems. For this
reaction to proceed, an excess of Lewis acid promoter
(TMSOTf) was reguired, however, under these conditions
the oxazolidine ring could not longer survive. After some
experimentation we found that the use of 2.5-3.0 equiva
lents of TMSOTTf and 10 equivalents of Et,;SiH at —40 °C
in CH,CI, reduced 19 and 20 to 21 and 22, respectively, in
35-43% yield while ca. 30% of the unaltered ketose ace-
tates were recovered. Finally, the hydrogenation of 21 and
22 was aquite productive operation sinceit reduced in one
step the triple bond to single bond, the azido group to the
amino group, and removed the O-benzyl protective

14

groups. In both cases the acetylation of the resulting reac-
tion mixtures afforded the peracetylated C-glycosides 23
and 24, which upon treatment with the Jones reagent
were transformed into thefina products 25 and 26. On the
basis of the above observations (see Scheme 3) and thelit-
erature precedents,™ it was reasonably assumed that the
integrity of the stereocenter bearing the nitrogen atom re-
mained i ntact throughout the whol e reaction sequence and
therefore the original (S-configuration of 1 was also as-
signed to the glycinyl moiety of the amino acids 25 and
26. Asaconfirmation of this assumption, the methy! ester
of 26 appeared to beidentical based on the optical rotation
valueto the same product recently prepared by Fuchssand
Schmidt by another route.*8

In conclusion, a new synthetic route has been described
leading to B-D-linked methylene isosteres of glycosyl
serines starting from readily available sugar lactones. The
methodology involves a sequence of simple and efficient
reactions and appears to be of general application for the
synthesis of compounds containing totally hydroxylated
sugar residues or their 2-acetamido-2-deoxy derivatives.
Owing to the orthogonal protection of their functional
groups, the C-glycosil amino acids prepared are suitably
tailored for their use as building blocks in glycopeptide
assembly by both N-Boc and N-Fmoc techniques. To this
aim, the preparation of the N-Fmoc protected derivatives
28isillustrated in Scheme 5. This compound was synthe-
sized by elaboration of the oxazolidine ring of 10, the
sameintermediate |eading to the N-Boc derivative 12 (see
Scheme 2), by hydrolysis, N-protection and oxidation in
76% overall yield.

All moisture-sensitive reactions were performed under N, using
oven-dried glassware. Anhyd solvents were dried over standard
drying agents'® and freshly distilled prior to use. Commercially
available powdered 4A molecular sieves (5 pm average particle
size) were used without further activation. Reactions were moni-
tored by TLC on silica gel 60 F,s, with detection by charring with
H,SO, and/or ninhydrin. Flash column chromatography? was per-
formed on silicagel 60 (230—400 mesh). Melting points were deter-
mined with a capillary apparatus. Optical rotations were measured
at 20 £ 2 °C in the stated solvent; [a]p values are given in 10 deg
cm? gt *H NMR (300 MHz) spectra were recorded for CDCl, so-
lutions at r.t. unless otherwise specified: Chemical shiftsarein ppm
(8) from TMS as internal standard; assignments were aided by ho-
mo- and heteronuclear two dimensional experiments. MALDI-TOF
mass spectrawere acquired using a-cyano-4-hydroxycinnamic acid
as the matrix.
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6,7,8,10-Tetra-O-benzyl-2,3,4-trideoxy-1,2-N,O-isopr opyli-
dene-2-(tert-butoxycar bonylamino)-D-glycero-L -gluco-deco-
pyran-3-yn-5-ulose (4); Typical Procedure

To acooled (=30 °C) and stirred solution of 1 (0.60 g, 2.67 mmol)
in anhyd THF (11 mL) was slowly added BuLi (1.6 mL, 2.6 mmol,
of a1.6 M solution in hexane) and the stirring was continued at —30
°C for an additional 30 min. To this mixture was added dropwise a
solution of thelactone 2 (1.10 g, 2.04 mmol) in anhyd THF (5 mL).
The mixture was stirred at —30 °C for 1.5 h, treated with 1 M phos-

phate buffer at pH 7 (5 mL) and allowed to reach r.t. The suspension
was diluted with Et,O (20 mL) and the phases were separated. The
aqueous layer was extracted twice with Et,O (20 mL), the combined
organic layers were dried (Na,SO,) and concentrated. The residue
was eluted from a column of silica gel with cyclohexane—EtOAc
(from 9:1 to 3:1) to afford first the unreacted 1 (0.25 g, 42%). The
second fraction eluted was the syrupy 4 asa 1:1 mixture of anomers
(1.00 g, 64%).
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IH NMR (DMSO-ds + D,0, 100 °C): § (selected data) = 7.40-7.18
(m, 20H, 4 CgHy), 558 (d, 0.5 H, J = 10.0 Hz, PhCH,), 5.44 (d, 0.5
H, J=9.0 Hz, PhCH,), 4.86-4.62 (m, 8 H), 4.52-4.32 (m, 3 H),
4.06 (ddd, 0.5 H, J g = 1.0, Jg 10, = 6.0, Jg 10, = 6.0 Hz, H-90), 3.98
(dd, 0.5H, J;4 = 3.0 Hz, H-8a), 3.94 (dd, 0.5 H, J;5 = 4.0, Jgo = 1.0
Hz, H-8B), 3.89 (d, 0.5 H, Js; = 10.0 Hz, H-6p), 3.86 (dd, 0.5 H, H-
7P), 3.80 (dd, 0.5 H, J 100 = 3.0, Jg10 = 3.0 Hz, H-9p), 3.72 (d, 0.5
H, Js; = 10.0 Hz, H-6a), 3.63-3.44 (m, 2 H, 2 H-10), 1.41 (br s, 15
H).

MALDI-TOF MS: m/z= 787.5 (M* + Na), 803.7 (M* + K).

Anal. Calcd for CugHgsNOg: C, 72.32; H, 6.99; N, 1.83. Found:C,
72.39; H, 7.05; N, 1.96.

6,7,8,10-Tetra-O-benzyl-2,3,4-trideoxy-1,2-N,O-isopr opyli-
dene-2-(tert-butoxycar bonylamino)-D-glycero-D-ido-deco-
pyran-3-yn-5-ulose (5)

Treatment of 3 (538 mg, 1.00 mmol) with 1 (300 mg, 1.30 mmol)
as described for the preparation of 4 gave, after column chromatog-
raphy onsilicagel (6:1 cyclohexane—EtOAc), the syrupy 5 (560 mg,
73%) as a 7:3 mixture of anomers.

IH NMR (DM SO-d,, 120 °C): § (selected data) = 7.40-7.18 (m, 20
H, 4 CgHy), 5.65 (d, 0.7 H, J = 11.0 Hz, PhCH,0), 4.86-4.62 (m, 8
H), 4.52-4.32 (m, 4 H), 3.72 (d, 0.7 H, J;; = 9.5 Hz, H-60), 3.61—
3.44 (m, 2 H, 2 H-10).

MALDI-TOF MS: m/z= 786.9 (M* + Na), 802.7 (M* + K).

Anal. Calcd for CiHssNOg: C, 72.32; H, 6.99; N, 1.83. Found: C,
72.35; H, 7.10; N, 1.83.

6-Azido-7,8,10-tri-O-benzyl-2,3,4,6-tetr adeoxy-1,2-N,O-iso-
propylidene-2-(tert-butoxycar bonylamino)-b-glycero-L -gluco-
decopyran-3-yn-5-ulose (17)

Treatment of 15 (1.70 g, 3.60 mmol) with 1 (1.06 g, 4.70 mmol) as
described for the preparation of 4 gave, after column chromatogra-
phy on silicagel with 5:1 cyclohexane-EtOAc, the syrupy 17 (1.85
0, 78%) as a 1.5:1 mixture of anomers.

IH NMR (DMSO-d, + D,0, 120 °C): § (selected data) = 7.41-7.22
(M, 15H, 3 CgH:), 4.80-4.45 (m, 7 H), 4.10-4.02 (m, 3H), 3.91 (dd,
0.6 H, J,3=3.0, Jgo= 1.0 Hz, H-8a), 3.89 (dd, 0.4 H, J,4= 25,
Jso = 0.5 Hz, H-8p), 3.72-3.50 (m, 3 H), 1.58 and 1.47 (2, 3.6 H,
2 aCH,), 1.55 and 1.44 (2 s, 24 H, 2 BCH,), 1.46 (s, 5.4 H, at-
C,Ho), 1.43 (s, 3.6 H, Bt-C,H,).

MALDI-TOF MS: m/z= 721.8 (M* + Na), 737.6 (M* + K).

Anal. Calcd for CyH,6N,Og: C, 67.03; H, 6.64; N, 8.02. Found: C,
66.98; H, 6.70; N, 8.09.

6-Azido-7,8,10-tri-O-benzyl-2,3,4,6-tetr adeoxy-1,2-N,O-iso-
propylidene-2-(tert-butoxycar bonylamino)-D-glycero-bD-ido-
decopyran-3-yn-5-ulose (18)

Treatment of 16 (1.00 g, 2.11 mmol) with 1 (0.61 g, 2.71 mmol) as
described for the preparation of 4 gave, after column chromatogra-
phy on silica gel (4:1 cyclohexane-EtOAc), the syrupy 18 (1.00 g,
70%) asa1.5:1 mixture of anomers.

IH NMR (DM SO-d,, 120 °C): 3 (selected data) = 7.35-7.21 (m, 15
H, 3 CsHs), 4.83 (dd, 0.6 H, J;,, = 6.0, Jy, = 2.5 Hz, H-20), 4.79
and 452 (2d, 1.2 H, J= 11.5 Hz, PhCH,), 4.64 and 454 (2d, 2 H,
J=11.4 Hz, PhCH,), 4.74-4.45 (m, 5 H), 4.14 (dd, 0.6 H, Jy. 1, =
10.0 Hz, H-1a), 4.09 (dd, 0.6 H, H-1ba), 4.09-4.06 (m, 0.8 H),
4.02-3.90 (m, 3 H), 3.72-3.58 (M, 3 H), 1.62 and 1.54 (2's, 3.6 H,
2 aCH,), 1.60 and 1.53 (2 s, 24 H, 2 BCH,), 1.45 (s, 5.4 H, at-
C,Ho), 1.43 (s, 3.6 H, Bt-C,H,).

MALDI-TOF MS: m/z= 721.3 (M* + Na), 737.6 (M* + K).

Anal. Calcd for Cy9H,¢N,Og: C, 67.03; H, 6.64; N, 8.02. Found: C,
67.10; H, 6.64; N, 7.95.

5-O-Acetyl-6,7,8,10-tetr a-O-benzyl-2,3,4-trideoxy-1,2-N,O-
isopr opylidene-2-(tert-butoxycar bonylamino)-bp-glycero-L -
gluco-decopyran-3-yn-5-ulose (6); Typical Procedure

A solution of 4 (652 mg, 0.82 mmol), Et;N (1.18 mL, 8.50 mmol),
and Ac,O (0.81 mL, 8.50 mmol) in anhyd CH,Cl, (4 mL) was kept
at r.t. for 12 h, and then concentrated. The residue was eluted from
a column of silica gel with 4:1 cyclohexane-EtOAc to afford the
syrupy 6 (637 mg, 96%) as a 1:1 mixture of anomers.

IH NMR (DM SO-d, 140 °C): 3 (¢-anomer) = 7.38-7.24 (m, 20 H,
4C4H,), 4.85and 4.79 (2d, 2H, J = 11.4 Hz, PhCH,), 4.85 and 4.57
(2d,2H,J = 11.5Hz, PhCH,), 4.75and 4.71 (2d, 2 H, J = 11.5 Hz,
PhCH,), 4.68 (dd, 1H, J;,, = 6.0, Jy, = 2.0 Hz, H-2), 4.56 and 4.48
(2 d, 2 H, J=115 Hz, PhCH,), 4.14 (ddd, 1 H, Jo=10,
Jg.10a= 6.0, Jg 100 = 6.0 Hz, H-9), 4.09 (dd, 1 H, Jy,3, = 8.5 Hz, H-
1a), 4.04 (dd, 1 H, J;5 = 3.0 Hz, H-8), 3.99 (d, 1 H, Js; = 9.5 Hz, H-
6), 3.90 (dd, 1 H, H-1b), 3.84 (dd, 1 H, H-7), 3.69 (dd, 1 H,
Jigar0p = 10.0 Hz, H-10a), 3.56 (dd, 1 H, H-10b), 1.99 (s, 3 H,
CH,CO), 1.56 and 1.45 (2's, 6 H, 2 CHs), 1.42 (s, 9 H, t-C,Ho).

IH NMR (DM SO-d, 140 °C): 3 (B-anomer) = 7.38-7.22 (m, 20 H,
4CgHy), 497 and 4.85(2d, 2H, J = 11.0 Hz, PhCH,), 4.81 and 4.58
(2d,2H,J=11.5Hz, PACH,), 4.77and 4.70 (2d, 2 H, J = 11.8 Hz,
PhCH,), 4.61 (dd, 1H, J;,, = 6.0, Jy, = 2.8 Hz, H-2), 4.54 and 4.46
(2d, 2H, J=12.0 Hz, PhCH,), 411 (dd, 1 H, J,3= 2.8, Jgo= 1.3
Hz, H-8), 404 (dd, 1 H, J,,;, =88 Hz, H-1a), 401 (d, 1 H,
Js7 = 10.0 Hz, H-6), 3.94 (dd,1 H, H-7), 3.92 (ddd, 1 H, Jg1, = 6.0,
Jo10o=5.5 Hz, H-9), 386 (dd, 1 H, H-1b), 3.67 (dd, 1 H,
Jigaror = 10.2 Hz, H-10a), 354 (dd, 1 H, H-10b), 2.09 (s, 3 H,
CH4CO),1.52 and 1.43 (2's, 6 H, 2 CH5), 143 (s, 9 H, t-C,Hy).

MALDI-TOFMS: m/z= 829.1 (M* + Na), 845.0 (M* + K).

Anal. Calcd for C,gHssNO, - C, 71.53; H, 6.88; N, 1.73. Found: C,
71.75; H, 6.83; N, 1.60.

5-O-Acetyl-6,7,8,10-tetr a-O-benzyl-2,3,4-trideoxy-1,2-N,O-
isopr opylidene-2-(tert-butoxycar bonylamino)-b-glycero-p-ido-
decopyran-3-yn-5-ulose (7)

Ketose 5 (547 mg, 0.72 mmol) was acetylated as described for the
preparation of 6. The crude product was eluted from acolumn of sil-
icagel with 5:1 cyclohexane—EtOActo afford the syrupy 7 (518 mg,
90%) as a 3:1 mixture of anomers.

IH NMR (DM SO-d,, 120 °C): § (c anomer) = 7.40-7.21 (m, 20 H,
4C4H,), 489and 4.79 (2d, 2H, J = 12.0Hz, PhCH,), 4.81 and 4.70
(2d,2H,J = 11.0Hz, PhCH,), 4.75and 459 (2d, 2 H, J = 11.5 Hz,
PhCH,), 4.71 (dd, 1H, J;,, = 6.0, Jy, = 2.0 Hz, H-2), 453 (s, 2 H,
PhCH,), 4.09 (dd, 1 H, J;,,, =85 Hz, H-1a), 3.98 (ddd, 1 H,
Jgo=10.0, Jg10,= 3.5, Jg 10 = 7.0 Hz, H-9), 3.92 (dd, 1 H, H-1b),
3.84(dd, 1 H, J5; = 9.0, J; = 8.5 Hz, H-7), 3.72-3.63 (m, 3 H, H-
6, 2 H-10), 3.60 (dd, 1 H, H-8), 2.00 (s, 3H, CH,CO), 1.58 and 1.48
(25, 6 H, 2 CHa),1.42 (s, 9 H, t-C,H,).

IH NMR (DM SO-d,, 120 °C): § (B anomer) = 7.40-7.22 (m, 20 H,
4C4H,),5.05and 4.59 (2d, 2H, J = 11.5Hz, PhCH.,), 4.81 and 4.75
(2d,2H,J = 12.0Hz, PhCH,), 4.79and 4.75 (2d, 2H, J = 11.5 Hz,
PhCH,), 4.65 (dd, 1H, J;,, = 6.0, Jy, = 2.5 Hz, H-2), 457 and 4.51
(2d,2H,J = 11.5Hz, PhCH,), 4.06 (dd, 1 H, J., 1, = 9.0 Hz, H-1a),
3.88 (dd, 1 H, H-1b), 3.72-3.63 (m, 6 H), 2.15 (s, 3 H, CH,CO),
152 and 1.22 (2's, 6 H, 2 CH,), 1.20 (s, 9 H, t-C,Hy).

MALDI-TOF MS: m/z=828.9 (M* + Na), 845.3 (M* + K).

Anal. Calcd for CgHssNO; o C, 71.53; H, 6.88; N, 1.73. Found: C,
71.55; H, 6.80; N, 1.70.

5-O-Acetyl-6-azido-7,8,10-tri-O-benzyl-2,3,4,6-tetr adeoxy-1,2-
N,O-isopropylidene-2-(tert-butoxycar bonylamino)-D-glycero-L -
gluco-decopyr an-3-yn-5-ulose (19); Typical Procedure

A solution of 17 (256 mg, 0.37 mmol) and 4-(dimethylamino)pyri-
dine (10 mg) in Ac,O (3 mL) and pyridine (3 mL) was kept at r.t.
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for 30 min and then concentrated. The crude product was eluted
from a column of silica gel with 5:1 cyclohexane-EtOAc to afford
the syrupy 19 (244 mg, 90%) as a 7:3 mixture of anomers.

IH NMR (DMSO-d,, 100 °C): (. anomer) = 7.42-7.25 (m, 15 H,
3CgHs), 4.82and 4.67 (2d, 2 H, J = 11.5Hz, PhCH.,), 4.80 and 4.56
(2d, 2H, J= 115 Hz, PhCH,), 4.69 (dd, 1 H, J,,, = 6.0, Jy, = 2.0
Hz, H-2), 4.55 and 4.47 (2 d, 2 H, J = 12.0 Hz, PhCH.,), 4.14 (ddd,
1 H, Jg9=05, Jy10.= 6.3, Jg10,=6.0 Hz, H-9), 411 (dd, 1 H,
J,= 2.8 Hz, H-8), 4.09 (dd, 1 H, J,,,, = 8.5 Hz, H-1a), 3.97 (d, 1
H, Js; = 10.5 Hz, H-6), 3.93 (dd, 1 H, H-1b), 3.79 (dd, 1 H, H-7),
3.68(dd,1 H, Jy0,10 = 10.0 Hz, H-10a), 3.56 (dd, 1 H, H-10b), 2.07
(s, 3H, CH,CO), 1.57 and 1.47 (2's, 6 H, 2 CHy), 146 (s, 9 H, t-
CiHo).

MALDI-TOF MS: m/z= 763.6 (M* + Na), 779.9 (M* + K).

Anal. Calcd for C,H,gN,Og: C, 66.47; H, 6.53; N, 7.56. Found: C,
66.40; H, 6.60; N, 7.51.

5-O-Acetyl-6-azido-7,8,10-tri-O-benzyl-2,3,4,6-tetr adeoxy-1,2-
N,O-isopropylidene-2-(tert-butoxycar bonylamino)-D-glycero-D-
ido-decopyr an-3-yn-5-ulose (20)

Ketose 18 (174 mg, 0.25 mmol) was acetylated as described for the
preparation of 19. The crude product was eluted from a column of
silica gel with 4:1 cyclohexane-EtOAc to afford syrupy 20 (166
mg, 90%) as a 3:1 mixture of anomers.

IH NMR(DM SO-d,, 120 °C): & (o anomer) = 7.38-7.21 (m, 15 H,
3CgHe), 4.79 (s, 2 H, PhCH,), 4.75and 4.61 (2d, 2 H, J = 11.4 Hz,
PhCH,), 4.71 (dd, 1H, J;,, = 2.0, Jy,, = 6.0 Hz, H-2), 4.56 and 4.51
(2d,2H, J=12.0Hz, PhCH,), 4.11 (dd, 1 H, J;,,, = 8.8 Hz, H-1a),
3.94(dd, 1 H, H-1b), 3.86 (d, 1 H, J5, = 9.5 Hz, H-6), 3.78-3.66 (m,
5H), 2.10 (s, 3H, CH,CO), 1.45and 1.42 (2's, 6 H, 2 CH,), 1.41 (s,
9 H, t-C,H,).

MALDI-TOF MS: m/z= 763.7 (M* + Na), 779.7 (M* + K).

Anal. Calcd for C,H,gN,Og: C, 66.47; H, 6.53; N, 7.56. Found: C,
66.50; H, 6.58; N, 7.50.

5,9-Anhydr0-6,7,8,10-tetr a-O-benzyl-2,3,4-trideoxy-1,2-N,O-
isopr opylidene-2-(tert-butoxycar bonylamino)-D-threo-L -
galacto-dec-3-ynitol (8); Typical Procedure

A mixture of the acetate 6 (400 mg, 0.49 mmol), activated 4A pow-
dered molecular sieves (0.80 g), and anhyd CH,CI, (5 mL) was
stirred at r.t. for 15 min, then cooled to —40 °C. To the mixture was
added Et;SiH (782 pL, 4.9 mmol) and then TMSOTTf (44 pL, 0.25
mmol). Stirring was continued at —40 °C for an additiona 2 h, then
the mixture was diluted with Et;N (70 pL, 0.5 mmol), filtered
through Celite, and concentrated. The residue was eluted from a
column of silica gel with 5:1 cyclohexane-EtOAc to afford 8 (300
mg, 82%) as awhite solid; mp 111-113 °C (pentane); [o], +50.5 (¢
= 1.5, CHCl,).

IH NMR (DMSO-dg, 120 °C): § = 7.41-7.23 (m, 20 H, 4 CgHs),
490 and 4.78 (2d, 2 H, J = 11.0 Hz, PhCH,), 4.83 and 4.55 (2 d, 2
H, J=11.5 Hz, PhCH,), 4.76 and 4.63 (2 d, 2 H, J=12.0 Hz,
PhCH,), 4.63 (ddd, 1 H, Jm_zo Jis =30, J,5 = 1.5 Hz, H-2),
453 and 4.47 (2 d, 2 H, J=12.0 Hz, PhCH,), 4.09 (dd, 1 H, J
56 = 9.0 Hz, H-5), 4.07 (dd 1H, Jia1p = 85 Hz, H-1a), 4.01 (dd, 1
H,J; = 3.0, Jgo = 1.0Hz, H-8), 3.88 (dd, 1 H, H-1b), 3.76 (dd, 1H,
Js7 = 9.5 Hz, H-6), 3.72 (dd, 1 H, Jg 10, = 6.0, Jg 105 = 6.0 Hz, H-9),
3.65 (dd, 1 H, H-7), 3.59 (dd, 1 H, ;010 = 10.0 Hz, H-10a), 3.57
(dd, 1 H, H-10b), 1.52 and 1.48 (2 s, 6 H, 2 CHy), 1.43 (s, 9 H, t-
C4H9)'

MALDI-TOF MS: m/z= 771.2 (M* + Na), 787.2 (M* + K).

Anal. Calcd for C4HssNOg: C, 73.87; H, 7.14; N, 1.87. Found: C,
73.65; H, 7.19; N, 1.68.

5,9-Anhydro0-6,7,8,10-tetr a-O-benzyl-2,3,4-trideoxy-1,2-N,O-
isopr opylidene-2-(tert-butoxycar bonylamino)-bp-erythro-L -
galacto-dec-3-ynitol (9)

Treatment of 7 (510 mg, 0.63 mmol) as described for the prepara-
tion of 8 gave, after column chromatography on silica gel (5:1 cy-
clohexane-EtOAC), 9 (410 mg, 87%) as awhite solid; mp 95-96 °C
(MeOH); [a]p +63.0 (c = 1, CHCl,).

'H NMR (DM SO-dg, 120 °C): & = 7.38-7.19 (m, 20 H, 4 C4Hy),
4.99and4.74(2d, 2H, J=11.0 Hz, PhCH,), 482 and 4.75 (2d, 2
H, J=11.5 Hz, PhCH,), 473 and 4.58 (2 d, 2 H, J=11.0 Hz,
PhCH,), 4.67 (ddd, 1 H, J;,, = 6.5, Jy,, = 2.5, J,5 = 1.5 Hz, H-2),
456 and 451 (2 d, 2 H, J=11.8 Hz, PhCH,), 4.18 (dd, 1 H,
Js6 = 9.5Hz, H-5),4.07 (dd, 1 H, J,, 3, = 8.5 Hz, H-1a), 3.89 (dd, 1
H, H-1b), 3.74-3.61 (m, 2 H, 2 H-10), 3.68 (dd, 1 H, Js; = 10.0 Hz,
H-6), 3.57-3.53 (m, 1 H, H-9), 3.49 (dd, 1 H, J;5=9.0, Jg4=8.0
Hz, H-8), 3.48 (dd, 1 H, H-7), 1.52 and 1.42 (2 s, 6 H, 2 CH,), 1.42
(s, 9 H, t-C4Ho).

MALDI-TOF MS: m/z= 770.9 (M* + Na), 787.0 (M* + K).

Anal. Calcd for C,gHssNOg: C, 73.87; H, 7.14; N, 1.87. Found: C,
73.91; H, 7.08; N, 1.97.

5,9-Anhydr 0-6-azido-7,8,10-tri-O-benzyl-2,3,4,6-tetr adeoxy-
1,2-N,O-isopropylidene-2-(tert-butoxycar bonylamino)-D-threo-
L-galacto-dec-3-ynitol (21)

Treatment of 19 (549 mg, 0.74 mmol) as described for the prepara-
tion of 8 gave, after column chromatography on silica gel (5:1 cy-
clohexane-EtOAC), first 21 (216 mg, 43%) as a syrup; [o]p +66.7
(c=0.5, CHCly).

IH NMR (DMSO-dg, 100 °C): & = 7.42-7.23 (m, 15 H, 3 C¢Ho),
4.81 and 4.67 (2d, 2 H, J = 12.0 Hz, PhCH,), 4.79 and 4.54 (2 d, 2
H, J= 115 Hz, PhCH,), 4.63 (ddd, 1 H, J,,, = 6.3, J;,, = 2.5, J,.

=1.0Hz, H-2), 451 and 4.46 (2d, 2 H, J = 12.0 Hz, PhCH,), 4.05
(dd, 1H, J;a0 = 8.8 Hz, H-1a), 4.04 (dd, 1H, J; 5 = Jg = 2.0 Hz, H-
8), 4.03 (dd, 1 H, J5; = 9.0 Hz, H-7), 391 (dd, 1 H, H-1b), 3.75
(ddd, 1H, Jg 10, = 5.5, Jg 10 = 6.0 Hz, H-9), 3.66-3.62 (m, 2 H), 3.58
(dd, 1 H, J;ga100 = 10.0 Hz, H-10a), 3.54 (dd, 1 H, H-10b), 1.52 (s,
3H, CHy),1.43 (s, 12 H, CHj, t-C,H,).

MALDI-TOF MS: m/z= 706.2 (M* + Na), 722.4 (M* + K).

Anal. Calcd for CyH,¢N,O5: C, 68.60; H, 6.79; N, 8.21. Found: C,
68.72; H, 6.70; N, 8.10.

Unreacted 19 was eluted out as the second fraction (164 mg, 30%).

5,9-Anhydro-6-azido-7,8,10-tri-O-benzyl-2,3,4,6-tetr adeoxy-
1,2-N,O-isopropylidene-2-(tert-butoxycar bonylamino)-b-
erythro-L-galacto-dec-3-ynitol (22)

Treatment of 20 (100 mg, 0.13 mmol) as described for the prepara-
tion of 8 gave, after column chromatography on silica gel (6:1 cy-
clohexane-EtOAC), first 22 (34 mg, 35%) as a syrup; [a]p +42.2 (C
=0.8, CHCl,).

IH NMR (DMSO-dg, 120 °C): § = 7.40-7.20 (m, 15 H, 3 CgHo),
482 (s, 2H, PACH,), 4.74 and 4.60 (2 d, 2 H, J = 11.3 Hz, PhCH,),
4.66 (ddd, 1 H, Ji,, = 2.3, Jyy, = 2.5, J,5 = 1.8 Hz, H-2), 4.55 and
449 (2d, 2H,J = 12.0 Hz, PhCH,), 4.17 (dd, 1 H, J; s = 9.8 Hz, H-
5), 4.09 (dd, 1 H, J;,, = 8.8 Hz, H-1a), 3.93 (dd, 1 H, H-1b), 3.68
(dd, 1H, Js; = 9.0 Hz, H-6), 3.66-3.52 (M, 4 H, H-7, H-8, 2 H-10),
3.45(dd, 1H, J,5= 9.3, Jgo = 9.0 Hz, H-8), 1.59 and 1.43 (25, 6 H,
2 CHy), 1.43 (s, 9 H, t-C,Ho).

MALDI-TOF MS: m/z= 706.0 (M* + Na), 722.2 (M* + K).

Anal. Calcd for CyH,¢N,O5: C, 68.60; H, 6.79; N, 8.21. Found: C,
68.70; H, 6.85; N, 8.29.

Unreacted 20 (29 mg, 29%) was eluted out as the second fraction.
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6,7,8,10-Tetra-O-acetyl-5,9-anhydro-2,3,4-trideoxy-1,2-N,O-
isopr opylidene-2-(tert-butoxycar bonylamino)-b-threo-L-gal ac-
to-decitol (10); Typical Procedure

A vigorously stirred mixture of 8 (100 mg, 0.13 mmol), 20%
Pd(OH), on carbon (10 mg), and MeOH (3 mL) was degassed under
vacuum and saturated with H, (by means of a H,-filled balloon)
three times. The suspension was stirred at r.t. for 12 h under aposi-
tive pressure of H, (8 bar), then filtered through a plug of cotton and
concentrated. A solution of the crude product in Ac,0 (2 mL) and
pyridine (2 mL) was kept at r.t. for 7 h, and then concentrated. The
residue was eluted from a column of silica gel with 2:1 cyclohex-
ane-EtOAc to afford 10 (68 mg, 91%) asasyrup; [o]p +17.2(c=1,
CHCly).

H NMR (DMSO-ds, 120 °C): 3 =5.33 (dd, 1 H, J;4 = 35,39 = 0.5
Hz, H-8),5.12 (dd, 1 H, Js; = 10.0 Hz, H-7), 4.93 (dd, 1 H, Jg = 9.0
Hz, H-6), 4.08-3.96 (m, 3 H), 3.92 (dd, 1 H, J,,, = 6.0, J,,, = 85
Hz, H-1a), 3.83-3.82 (m, 1 H, H-2), 3.67 (dd, 1 H, H-1b), 3.55 (ddd,
1 H, 345 =90, Jus=30 Hz, H-5), 212-195 (4 s, 12 H, 4
CH,CO), 1.70-1.52 (m, 4 H), 1.48 and 1.41 (2 s, 6 H, 2 CH.), 1.40
(s, 9 H, t-C,H,).

MALDI-TOF MS: m/z=583.0 (M* + Na), 599.0 (M* + K).

Anal. Calcd for C,4H,NO,,: C, 55.80; H, 7.38; N, 2.50. Found: C,
55.71; H, 7.41; N, 2.60.

5,9-Anhydro0-6,7,8,10-tetr a-O-benzyl-2,3,4-trideoxy-1,2-N,O-
isopr opylidene-2-(tert-butoxycar bonylamino)-b-threo-L-gal ac-
to-decitol (14)

Toawarmed (85 °C) and stirred solution of 8 (100 mg, 0.13 mmol)
and freshly recrystallized p-toluenesulfonhydrazide (149 mg, 0.78
mmol) in dimethoxyethane (2 mL) was added 1 M aq NaOAc (0.78
mL) in six portions during 3 h. After an additional 2.5 h at 85 °C,
the mixture was diluted with H,0O (1.5 mL) and extracted with
CH,Cl, (3x 15 mL). The organic phase was dried (N&,SO,) and
concentrated. The residue was eluted from a column of silica gel
with cyclohexane-EtOAc (from 5:1 to 4:1) to give 14 (83 mg, 85%)
as asyrup. Compound 8 was identical in all respects to the product
that we prepared by another route.’s

6,7,8,10-Tetr a-O-acetyl-5,9-anhydr 0-2,3,4-trideoxy-1,2-N,O-
isopr opylidene-2-(tert-butoxycar bonylamino)-bp-erythro-L -
galacto-decitol (11)

Compound 9 (285 mg, 0.38 mmol) was hydrogenated and acetylat-
ed as described for the preparation of 10. The crude product was
eluted from a column of silica gel with 5:2 cyclohexane-EtOAc to
give 11 (192 mg, ~90%) as a syrup; [a]p +8.3 (c = 1.5, CHCI,).

IH NMR (DMSO-dg, 120 °C): 5 =5.18 (dd, 1H, J;; = 9.5, 3,5 = 9.5
Hz, H-7), 4.88(dd, 1 H, Jgo = 10.0 Hz, H-8), 4.72(dd, 1H, Js s = 9.5
Hz, H-6), 4.14-4.06 (m, 2 H, 2 H-10), 3.91 (dd, 1 H, J;;, = 85,
J1ar = 3.0 Hz, H-1a), 3.86-3.30 (M, 2 H, H-2, H-9), 3.66 (dd, 1 H,
iz = 2.0Hz, H-1b), 3.59 (ddd, 1 H, 5 = 9.2, Jp5 = 2.8 Hz, H-5),
2.00 and 1.94 (4 s, 12 H, 4 CH,CO), 1.65-1.49 (m, 4 H), 1.47 and
1.43(2s, 6 H, 2 CH,),1.41 (s, 9 H, t-C,H,).

MALDI-TOF MS: m/z=582.7 (M* + Na), 599.1 (M* + K).

Anal. Calcd for C,4H,;NO,,: C, 55.80; H, 7.38; N, 2.50.Found: C,
55.91; H, 7.26; N, 2.61.

6-Acetamido-7,8,10-tri-O-acetyl-5,9-anhydr 0-2,3,4,6-tetr a-
deoxy-1,2-N,O-isopr opylidene-2-(tert-butoxycar bonylamino)-
D-threo-L-galacto-decitol (23); Typical Procedure

A vigoroudly stirred mixture of 21 (140 mg, 0.21 mmol), 20%
Pd(OH), on carbon (20 mg), EtOAc (1 mL), and MeOH (1 mL) was
degassed under vacuum and saturated with H, (by means of a H,-
filled balloon) three times. The suspension was stirred at r.t. for 2 h
under a dlightly positive pressure of H, (balloon), then filtered

through Celite and concentrated. A solution of the crude product in
Ac,0 (1 mL) was kept at r.t. for 30 min and then concentrated. A
vigorously stirred mixture of the crude acetamido derivative, 20%
Pd(OH), on carbon (20 mg), EtOAc (1 mL), and MeOH (1 mL) was
degassed under vacuum and saturated with H, (by means of a H,-
filled balloon) three times. The suspension was stirred at r.t. for 12
h under a dlightly positive pressure of H, (balloon), then filtered
through a plug of cotton and concentrated. A solution of the crude
product in Ac,O (2 mL) and pyridine (2 mL) waskept at r.t. for 4 h,
and then concentrated. The residue was eluted from a short column
of silicagel (1x 10 cm, d x h) with 3:1 CH,Cl.—acetone to give 23
(97 mg, 85%) as a syrup; [o]p —14.6 (c = 0.4, CHCI,).

IH NMR (DMSO-ds, 120 °C): § =6.08 (d, 1 H, J 5y = 8.0 Hz, NH),
5.29(dd, 1H, J; 3= 3.0, Jgo = 0.5 Hz, H-8), 498 (d, 1 H, J;; = 10.5
Hz, H-7), 4.02 (ddd, 1 H, Js¢ = 9.0 Hz, H-6), 4.02-3.87 (m, 4 H),
3.91(ddd, 1 H, Jg 16 = 4.5, Jg 10, = 2.5 Hz, H-9), 3.63-3.60 (M, 1 H,
H-2),3.42 (ddd, 1 H, Jjas = 9.0, Jyy5 = 2.0 Hz, H-5), 2.10-1.82 (4,
12 H, 4 CH,CO), 1.65-1.45 (m, 4 H), 1.43 (s, 3H, CH,), 4.41 (s, 12
H, CHa, t-C,Ho).

MALDI-TOF MS: m/z=581.9 (M* + Na), 597.9 (M* + K).

Anal. Calcd for CxH,,N,04;: C, 55.90; H, 7.58; N, 5.01. Found:C,
55.95; H, 7.75; N, 5.17.

6-Acetamido-7,8,10-tri-O-acetyl-5,9-anhydr o-2,3,4,6-tetr a-
deoxy-1,2-N,O-isopr opylidene-2-(tert-butoxycar bonylamino)-
D-erythro-L-galacto-decitol (24)

Compound 22 (50 mg, 0.07 mmol) was hydrogenated and acetylat-
ed as described for the preparation of 23. The crude product was
eluted fromashort column of silicagel (1 x 10cm, d x h) with 1:1:1
cyclohexane—EtOAc—CH,Cl, to afford 24 (34 mg, 87%) as awhite
solid; mp 111113 °C (Et,0); [a]p —8.3 (c = 0.4, CHCI,).

1H NMR (DMSO-ds ~D,0, 100 °C): 5 = 5.04 (dd, 1 H, Js¢ = 9.0,

Js7= 9.5 Hz, H-6), 4.80 (dd, 1 H, J, 4 = 9.5 Hz, H-7), 4.12 (dd, 1 H,

Jo.10a= 5.5, Jiga100 = 12.0 Hz, H-10a), 4.04 (dd, 1 H, Jg10, = 3.0 Hz,
H-10b), 3.89 (dd, 1 H, J,,, = 2.5, J;,1 = 8.8 Hz, H-13), 3.81-3.78
(m, 1H, H-2), 3.70 (dd, 1 H, Jg = 9.5 Hz, H-8), 3.68 (ddd, 1 H, H-
9), 3.63 (dd, 1 H, J,, = 1.8 Hz, H-1b), 3.4 (ddd, 1 H, J,,5 = 9.0,
Jus = 3.0Hz, H-5), 2.01-1.79 (45, 12 H, 4 CH,CO), 1.80-1.60 (m,
4H), 149 and 1.42 (2's, 6 H, 2 CHy), 1.4 (s, 9 H, t-C,Ho).

MALDI-TOF MS: m/z=581.6 (M* + Na), 597.8 (M* + K).

Anal. Calcd for C,H,,N,0,,: C, 55.90; H, 7.58; N, 5.01. Found: C,
55.75; H, 7.65; N, 5.12.

6,7,8,10-Tetr a-O-acetyl-5,9-anhydr o-2,3,4-trideoxy-2-(tert-
butoxycar bonylamino)-b-threo-L -galacto-deconic Acid (12);
Typical Procedure

To acooled (0 °C), stirred solution of 10 (150 mg, 0.27 mmol) in
acetone (4 mL) was added freshly prepared Jones' reagent (1 M,
0.81 mL, 0.81 mmol). The mixturewas allowed towarmtor.t. in 30
min, stirred at r.t. for an additional 3 h, and then diluted with pro-
pan-2-ol (0.35 mL). To the orange suspension was added dropwise
propan-2-ol until agreen color was observed, then the reaction mix-
ture was diluted with CH,CI, (60 mL) and washed with brine
(3x 20 mL). The organic phasewas dried (N&,SO,) and concentrat-
ed to afford 12 (129 mg, ~90%) as a syrup ~90% pure by 'H NMR
analysis.

IHNMR: § =5.44 (dd, 1H, J; = 3.0, Jg4 = 0.5 Hz, H-8), 5.21-5.15
(m, 1 H, NH), 5.11 (dd, 1 H, J5¢ = 9.3, Js, = 10.0 Hz, H-6), 5.03
(dd, 1 H, H-7), 4.29-4.27 (m, 1 H, H-2), 412 (dd, 1 H, J; 10, = 6.0,
Jioai0p = 11.0 Hz, H-10a), 4.10 (dd, 1 H, Jg10, = 6.0 Hz, H-10b),
3.89(ddd, 1H, H-9), 3.49 (ddd, 1 H, J;05 = 9.3, Jy5 = 3.0 Hz, H-5),
2.18-2.00 (M, 4 H), 1.48 (s, 9 H, t-C,Ho).
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6,7,8,10-Tetra-O-acetyl-5,9-anhydr 0-2,3,4-trideoxy-2-(tert-
butoxycar bonylamino)-b-erythro-L -galacto-deconic Acid (13)
Oxidation of 11 (147 mg, 0.26 mmol) as described for the prepara-
tion of 12 gave 13 (120 mg, ~90%) as a syrup ~95% pure by H
NMR analysis.

IH NMR: § =5.19 (dd, 1 H, J;; = 9.5, J, 5 = 9.5 Hz, H-7), 5.02 (dd,
1 H, Jgo= 10.0 Hz, H-8), 484 (dd, 1 H, Js s = 9.0 Hz, H-6), 4.23—
4.00 (m, 4 H), 3.64-3.52 (m, 2 H), 2.10-2.00 (45, 12 H, 4 CH,CO),
1.43 (s, 9 H, t-C,Ho).

6-Acetamido-7,8,10-tri-O-acetyl-5,9-anhydr 0-2,3,4,6-tetra-de-
oxy-2-(tert-butoxycar bonylamino)-Dp-threo-L -gal acto-deconic
Acid (25)

Oxidation of 23 (97 mg, 0.17 mmol) asdescribed for the preparation
of 12 gave 25 (68 mg, ~75%) as an white foam ~90% pure by *H
NMR analysis.

IH NMR: & (slected data): = 5.61-5.56 (m, 1 H, NH), 5.20-4.96
(m, 3H), 4.32-3.88 (M, 2 H), 3.75-3.22 (m, 2 H), 3.10-3.07 (m, 1
H), 2.14-1.96 (4 s, 12 H, 4 CH,CO), 1.65-1.47 (m, 4 H), 1.32 (s, 9
H, t-C,Hy).

6-Acetamido-7,8,10-tri-O-acetyl-5,9-anhydr 0-2,3,4,6-tetr a-
deoxy-2-(tert-butoxycar bonylamino)-D-erythro-L-gal acto-
deconic Acid (26)

Oxidation of 24 (80 mg, 0.14 mmol) asdescribed for the preparation
of 12 gave 26 (53 mg, ~71%) as a syrup ~90% pure by 'H NMR
andysis.

IH NMR: § (selected data) = 5.61-5.56 (m, 1 H, NH), 5.10-4.96 (m,
2H), 4.23-3.98 (M, 3H), 3.79-3.32 (m, 2 H, 2 H-10), 3.14-3.11 (m,
1H, H-5), 2.14-1.96 (45,12 H, 4 CH,CO), 1.65-1.47 (m, 4 H), 1.32
(s, 9 H, t-C,Hy).

Methyl 6,7,8,10-T etr a-O-acetyl-5,9-anhydr 0-2,3,4-trideoxy-2-
(tert-butoxycar bonylamino)-b-threo-L-galacto-deconate (12 Me
Ester)

Treatment of a solution of crude acid 12 inl:1 Et,0-MeOH with
ethereal diazomethane at 0 °C for 5 min gave, after column chroma-
tography on silicagel with 1:1 cyclohexane—EtOAc, the methyl es-
ter of 12 asasyrup; [a]p +4.6 (¢ = 0.9, CHCI,).

IH NMR: 8 =5.43 (dd, 1 H, J;4 = 3.5, J5 = 1.0 Hz, H-8), 5.09 (dd,
1H, Jgs = 9.5, J; = 10.0 Hz, H-6), 5.02 (dd, 1 H, H-7), 4.33-4.24
(m, 1H, H-2), 4.13 (dd, 1 H, Jg100 = 6.7, J10a100 = 11.0 Hz, H-10a),
4.07 (dd, 1H, Jg10 = 6.5 Hz, H-10b), 3.87 (ddd, 1 H, H-9), 3.76 (s,
3H, OCHj), 3.46 (ddd, 1 H, Ju5 = 9.0, Jo5 = 2.5 Hz, H-5), 2.19—
2.00(3s, 12 H, 4 CH,CO), 1.90-1.75 (m, 2 H), 1.69-1.55 (m, 2 H),
1.43 (s, 9 H, t-C,Ho).

MALDI-TOF MS: m/z=570.6 (M* + Na), 586.8 (M* + K).

Anal. Calcd for C,,H;/,NO,5: C, 52.65; H, 6.81; N, 2.56. Found: C,
52.56; H, 6.90; N, 2.60.

Methyl 6,7,8,10-Tetr a-O-acetyl-5,9-anhydr 0-2,3,4-trideoxy-2-
(tert-butoxycar bonylamino)-bp-erythro-L -galacto-deconate (13
Me Ester)

Treatment of a solution of crude acid 13 inl:1 Et,O-MeOH with
ethereal diazomethane at 0 °C for 5 min gave, after column chroma-
tography onsilicagel (2:1 EtOAc—cyclohexane), the methyl ester of
13 as awhite solid; mp 109-111 °C (cyclohexane-EtOAcC); [a]p —
4.0 (c=1, CHCly).

IH NMR: § = 5.19 (dd, 1 H, Js; = 9.4, J;5 = 9.3 Hz, H-7), 5.06 (d,
1 H, J,ny =8.0 Hz, NH), 5.05 (dd, 1 H, J55 = 10.0 Hz, H-8), 4.89
(dd, 1 H, J5 = 9.9 Hz, H-6), 4.33-4.25 (m, 1 H, H-2), 4.24 (dd, 1
H, Jo 100 = 5.1, Jigaz00 = 12.3 Hz, H-10a), 4.11 (dd, 1 H, Jg105 = 2.2
Hz, H-10b), 3.76 (s, 3 H, OCHy), 3.65 (ddd, 1 H, H-9), 3.48 (ddd, 1
H, Jsas = 2.6, I s = 8.0 Hz, H-5), 2.11, 2.06, 2.04 and 2.02 (4 s, 12

H, 4 CHCO), 2.01-1.44 (m, 4 H, 2 H-3, 2 H-4), 1.46 (s, 9 H, t-
CyHo).

MALDI-TOF MS: m/z=570.9 (M* + Na), 586.7 (M* + K).

Anal. Calcd for C,,H;,NO,5: C, 52.65; H, 6.81; N, 2.56. Found:C,
52.80; H, 6.79; N, 2.54.

M ethyl 6-Acetamido-7,8,10-tri-O-acetyl-5,9-anhydr o-2,3,4,6-
tetr adeoxy-2-(tert-butoxycar bonylamino)-Dp-threo-L-gal acto-
deconate (25 Me Ester)

Treatment of a solution of crude acid 25 in 1:1 Et,0-MeOH with
ethereal diazomethane at 0 °C for 5 min gave, after chromatography
on a short column of silicagel (1x 10 cm, d x h; 2:1 CH,Cl —ace-
tone), the methyl ester of 25 asasyrup; [a]p —7.5 (¢ = 0.5, CHCI;).

IHNMR: § =5.70(d, 1 H, J = 85 Hz, NH), 5.37 (dd, 1 H, J; = 3.5,
Jso = 0.5 Hz, H-8), 497 (dd, 1 H, J5, = 10.5 Hz, H-7), 4.68 (ddd, 1
H, Js = 9.0 Hz, H-6),4.12 (dd, 1 H, Jg 10, = 6.5, Jyga100 = 11.0 Hz,
H-10a), 4.10 (dd, 1 H, J 1, = 9.0 Hz, H-10b), 4.05-4.03 (m, 1 H,
H-2), 3.84 (ddd, 1 H, H-9), 3.77 (s, 3 H, OCHj), 3.40 (ddd, 1 H,
Jias= 9.2, Jyps =05 Hz, H-5), 2.14-2.00 (4 5,12 H, 4 CH,CO),
1.75-1.56 (m, 4 H), 1.43 (s, 9 H, t-C,H,).

MALDI-TOF MS: m/z=569.5 (M* + Na), 585.7 (M* + K).

Anal. Calcd for C,,H4sN,0,,: C, 52.74; H, 7.01; N, 5.13. Found: C,
52.81; H, 7.09; N, 5.00.

M ethyl 6-Acetamido-7,8,10-tri-O-acetyl-5,9-anhydr 0-2,3,4,6-
tetr adeoxy-2-(tert-butoxycar bonylamino)-p-erythro-L -galacto-
deconate (26 M e Ester)

Treatment of a solution of crude acid 26 in 1:1 Et,0O-MeOH with
ethereal diazomethaneat 0 °C for 5 min gave, after column chroma-
tography on silicagel (2:1 toluene—acetone), the methyl ester of 26
asasyrup; [e]p —25.5 (c=0.9, CHCly); [o]p —26.2 (c=0.8, CH,Cl,)
{Lit®[a]p —27 (c = 1.0, CH,Cl,)}.

The *H NMR spectrum of the metyl ester of 26 wasidentical to that
reported in Ref 1

6,7,8,10-Tetr a-O-acetyl-5,9-anhydr o-2,3,4-trideoxy-2-(9-

fluor enylmethoxycar bonylamino)-D-threo-L -galacto-decitol
(27)

To acooled (0 °C), stirred solution of 10 (170 mg, 0.31 mmol) in
CH,Cl, (4 mL) was added dropwise trifluoroacetic acid (1.0 mL).
The mixture was stirred at 0 °C for 30 min, and then allowed to
warm up to r.t. After an additional 30 min at r.t., the solution was
coevaporated with toluene (3 x 20 mL). To asolution of the residue
in H,O (2 mL) and MeCN (2 mL) was added at r.t. a solution of N-
(9-fluorenylmethoxycarbonyloxy)succinimide (125 mg, 0.37
mmol) in MeCN (1 mL) and then freshly distilled Et;N (128 pL,
0.93 mmol) in order to maintain the pH of the reaction mixture at
ca 9. After 45 min the TLC analysis (2:1 EtOAc—cyclohexane) in-
dicated the disappearance of the starting materia. 0.1 M HCI was
added until pH = 2. The mixture was diluted with CH,Cl, (20 mL)
and the phases were separated. The aqueous layer was extracted
with CH,CI, (2 x 10 mL), the combined organic layers were dried
(Na,S0O,), filtered, and concentrated. The residue was eluted from a
column of silica gel with EtOAc—cyclohexane (from 1:1 to 2:1) to
afford 27 (159 mg, 80%) as a white solid; mp 8285 °C (EtOAc—
cyclohexane); [a]p —5.6 (¢ = 0.9, CHCI,).

IH NMR: § = 7.82-7.78, 7.66-7.61, and 7.48-7.33 (3m, 8 Hyoy),
5.42(dd, 1H, J,4 = 3.0, Jgo = 1.0 Hz, H-8), 5.11 (dd, 1 H, J;5 = 9.0,
Js7 = 10.0 Hz, H-6), 5.05 (br s, 1 H, NH), 5.02 (dd, 1 H, H-7), 4.54
(dd, 1H, J=6.5, 10.5 Hz, CH,-Fmoc), 4.44 (dd, 1 H, J= 6.3, 10.5
Hz, CH,-Fmoc), 4.24 (dd, 1 H, J= 6.3, 6.5 Hz, CH-Fmoc), 4.22—
419 (M, 1H, H-2), 413 (dd, 1 H, Jyga:00 = 11.0, Jg100 = 7.0 Hz, H-
10a), 4.04 (dd, 1 H, Jg1, = 6.0 Hz, H-10b), 3.77 (ddd, 1 H, H-9),
3.70-3.59 (M, 4 H), 3.43 (ddd, 1 H, J,55 = 8.2, Jsp5 = 3.3 Hz, H-5),
2.13,2.03and 2.00 (35, 12 H, 4 CH,CO), 1.72-1.60 (m, 4 H).

Synthesis 2001, No. 14, 2129-2137 ISSN 0039-7881 © Thieme Stuttgart - New York

Downloaded by: State University of New York at Binghamton. Copyrighted material.



PAPER

Synthesis of B-Linked Glycosyl Serine Methylene |soesters 2137

Anal. Calcd for Cy3H3gNO;,: C, 61.77; H, 6.13; N, 2.18. Found: C,
61.99; H, 6.00; N, 2.40.

6,7,8,10-Tetr a-O-acetyl-5,9-anhydr 0-2,3,4-trideoxy-2-(9-

fluor enylmethoxycar bonylamino)-D-threo-L -galacto-deconic
Acid (28)

Treatment of 27 (98 mg, 0.15 mmol) as described for the prepara-
tion of 12 gave 28 (95 mg, ~95%) asa syrup ~95% pure by *H NMR
andysis.

'H NMR: § = 7.83-7.76, 7.67—7.57, and 7.49-7.31 (3 m, 8 H o),
5.49(d, 1H, Jyy, = 7.8 Hz, NH), 5.43(dd, 1 H, J,5 = 3.0, J5 = 1.0
Hz, H-8), 5.11 (dd, 1 H, J56 = 9.0, Js; = 10.0 Hz, H-6), 5.03 (dd, 1
H, H-7), 4.52 (dd, 1 H, J=7.0,10.5 Hz, CH,-Fmoc), 4.44-4.34 (m,
2 H, CH,-Fmoc, H-2), 4.25 (dd, 1 H, J=6.5, 7.0 Hz, CH-Fmaoc),
4.13(dd, 1 H, Jg104 = 7.0, Jiga.100 = 11.5 Hz, H-10a), 4.05 (dd, 1 H,
Jg 100 = 6.0 Hz, H-10Db), 3.81 (ddd, 1 H, H-9), 3.48-3.43(m, 1 H, H-
5),2.17,2.05,2.03and 2.01 (4 s, 12 H, 4 CH,CO),1.80-1.54 (m, 4
H).

Methyl 6,7,8,10-T etr a-O-acetyl-5,9-anhydr 0-2,3,4-trideoxy-2-
(9-fluor enylmethoxycar bonylamino)-b-threo-L -gal acto-deco-
nate (28 Me Ester)

Treatment of a solution of crude acid 28 in 1:1 Et,0-MeOH with
etherea diazomethane at 0 °C for 5 min gave, after column chroma-
tography on silica gel (2:1 EtOAc—cyclohexane), the methyl ester
28 asasyrup; [a]p +1.5 (c = 1.2, CHCl,).

IH NMR: & = 7.83-7.75, 7.70-7.57, and 7.47-7.31 (3m, 8 Hyoy),
5.43(dd, 1H, J;5= 3.0, Jgo = 1.0 Hz, H-8),5.38 (d, 1 H, Jy,» = 7.5
Hz, NH), 5.11 (dd, 1 H, Js¢ = 9.5, Jg; = 10.0 Hz, H-6), 5.03 (dd, 1
H, H-7), 4.49 (dd, 1 H, J = 6.5, 10.5 Hz, CH,Fmoc), 4.39 (dd, 1 H,
J=70, 105 Hz, CH,-Fmoc), 4.38-4.32 (m, 1 H, H-2), 4.25 (dd, 1
H, J=65, 7.0 Hz, CH-Fmoc), 414 (dd, 1 H, Jgi,=7.0,
Jigar0p = 11.0 Hz, H-10a), 4.06 (dd, 1 H, Jg10, = 5.5 Hz, H-10b),
3.82(ddd, 1 H, H-9), 3.79 (s, 3H, OCH,), 3.46 (ddd, 1 H, J,,5 = 9.0,
Jus = 3.0Hz, H-5),2.18,2.06, 2.04 and 2.00 (4 5, 12 H, 4 CH,CO),
1.95-1.52 (m, 4 H).

Anal. Calcd for C3,H3gNO,5: C, 60.98; H, 5.87; N, 2.09. Found: C,
60.60; H, 6.00; N, 2.13.
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