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Abstract—A convenient method of synthesis of 1,6-anhydro-4-deoxy-2-O-tosyl-4-fluoro-f3-D-glucopyranose
by fusion of 1,6;3,4-dianhydro-2-O-tosyl-B-D-galactopyranose with 2,4,6-trimethylpyridinium fluoride was
found. By a successive action of ammonia, methyl trifluoroacetate, and acetic anhydride, the resulting com-
pound was transformed into 1,6-anhydro-3-0-acetyl-2,4-dideoxy-2-trifluoroacetamido-4-fluoro-B-D-glucopy-
ranose, which was converted into 3,6-di-O-acetyl-2,4-dideoxy-2-trifluoroacetamido-4-fluoro-a.D-glucopyra-
nosyl fluoride by the reaction with HF/Py. The resulting fluoride was further used as a glycosyl donor in the
synthesis of methylumbelliferyl N-acetyl-4-deoxy-4-fluoro-B-D-glucosaminide.

Key words: an ionic liquid, 1,6-anhydro-4-deoxy-4-fluoro-B-D-glucopyranose, levoglucosan, methylumbel-
liferyl N-acetyl-4-deoxy-4-fluoro-f-D-glucosaminide, 2,4,6-trimethylpyridinium fluoride
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INTRODUCTION

The replacement of hydroxy groups by fluorine
atom in carbohydrate molecules leads to analogues of
great value for studying biochemical transformations of
sugars [1].2 Therefore, an interest in the development of
new and improvement of known methods of synthesis
of deoxyfluorosugars is not reduced. Reviews and the
whole issues of scientific journals devoted to this prob-
lem [1-3] have recently appeared. Modern methods of
preparation of such compounds are based on the appli-
cation of DAST [4-8], which replaces hydroxy group
by fluorine atom with the reversal of configuration. A
wide application also finds another way consisting in
mesylation of free hydroxy group by methanesulfonyl
chloride with the subsequent replacement of mesylate
by fluorine by the action of tetrabutylammonium fluo-
ride [8—10]. A drawback of these approaches is a great
volume of preliminary work connected with the protec-
tion of hydroxy groups not participating in the reaction
and frequently arising necessity of the double reversal
of configuration at certain carbon atoms.

Our goal was the development of a simple and short
way to glycosyl donors on a the basis of 4-deoxy-4-flu-
oroglucosamine and synthesis of methylumbelliferyl 4-
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% Abbreviations: DAST, diethylaminosulfotrifluoride; DMAP, N,N-
dimethylaminopyridine;  Mu,  4-methylumbelliferyl;  and
Me;SiOMu, 4-methyl-7-trimethylsilyloxycoumarin.

fluoro-4-deoxy-N-acetyl-B-D-glucosaminide (VII), a
fluorogenic substrate necessary for studying the sub-
strate specificity of enzymes, splitting the glycoside
linkage in N-acetylglucosaminides. The corresponding
protected glycosyl fluoride was chosen as the most pro-
spective glycosyl donor, as it is known that glycosyl flu-
orides are more stable than other glycosyl halides and,
if necessary, can be easily transformed into other types
of glycosyl donors, e.g., in thioglycosides.

RESULTS AND DISCUSSION

The reactions of 3,4-oxyrane cycle opening by fluo-
ride ions in 1,6;3,4-dianhydro-2-O-tosyl--D-galacto-
pyranose (I) are known to hardly proceed [11]. For
example, the interaction of dianhydride (I) with KHF,
in boiling ethyleneglycol [12] carried out with the pur-
pose of synthesis of 1,6-anhydro-4-deoxy-2-O-tosyl-4-
fluoro-B-D-glucopyranose (IT) did not lead to the desir-
able result: only 1,6-anhydro-2,4-dideoxy-2,4-diflu-
oro-B-D-glucopyranose was isolated from the reaction
mixture in 5% yield. Synthesis of compound (II) from
(I) was carried out in 2% yield by the action of 25% HF
in dioxane [13]. Compound (IT) has later been obtained
by tosylation of hydroxy group at C2 in 1,6-anhydro-4-
deoxy-4-fluoro—B-D- glucopyranose and its structure
was proved by conversion into the known derivatives of
4-deoxy-4-fluoroglucopyranose [14].

The opening of oxyrane cycle is formally the addi-
tion of HF, and this reaction known to be greatly
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affected by the nature of the hydrogen fluoride donor
(cf. the review [15]). To improve the yield of product
(II) at the opening of oxyrane cycle in (I), we suggested
the use of collidine hydrofluoride as a reaction medium
and HF source. As a result of optimization of reaction
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conditions, it was established that carrying out of the
reaction in melt at a temperature of 120-125°C led to
isolation of (II) in preparative yield of 45-47% or in
75-85% yield if one takes into account the starting sub-
stance (I) not entered the reaction (scheme).
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a: MesPy - HF, 125°C, 55 h; b: NH3/MeOH, 100°C, 16 h; c: MeO,CCF3;/MeOH/Et;N; d: Ac,O/Py/DMAP, 16 h;
e: 710% HF/Py, leq Ac,0, 24 h; f: Me;SiOMu/BF; - Et,O/CH,Cl,, 24 h; g: MeONa/MeOH; h: NaOH/H,O;

i: Ac,O/Py, 60°C, 16 h; j: MeONa/MeOH.

Scheme.

Apparently, more effective course of the reaction is
promoted in this case by the circumstance that the
2,4,6-trimethylpyridinium fluoride melt is an ionic lig-
uid unlike the KHF, solution in ethylene glycol or HF
solution in dioxane. It has recently been shown that
some other ionic liquids, e.g., reagent EMIMF (HF), ,
which is ethylmethylimidazolium fluoride containing
from 2 to 3 mol hydrogen fluoride, can be effectively
applied to the synthesis of hydrofluorides by opening
alkylarylepoxides [16]. In this connection, the study of
opening reactions of anhydrosugars in the medium of
ionic liquids, HF donors, seems to be a prospective
direction in the further research.

The structure of (II) follows from coincidence of its
melting point and a close value of [0], in comparison
with the known data [13]. Its "H NMR spectrum has a
characteristic value of Jyy, r constant equal to 50.1 Hz,
and also spin coupling constants Jo3 g, Jogp and Jes g
equal to 29.9, 182.0, and 22.0 Hz, respectively.

The further four-step transformation of compound
(II) to product (IIT) (closure of 2,3-anhydrocycle, its
1,2-trans-diaxial opening by ammonia, N-trifluoro-
acetylation, and O-acetylation) was carried out without
isolation of intermediate products. The point is that,
during preliminary experiments, it has been established
that the literature stage of 2,3-anhydrocycle closure in
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similar derivatives can be modified by applying a solu-
tion of ammonia in methanol instead of a solution
sodium methylate in a methanol-chloroform mixture.
After heating of (II) with a methanolic solution of
ammonia, the formed amino group at C2 was trans-
formed to trifluoroacetamide group by the action of
methyl trifluoroacetate and free hydroxy group at C3
was converted into O-acetyl group by the action of ace-
tic anhydride in pyridine. The acetylation of hydroxy
group at C3 was confirmed by a downfield shift of ring
H3 signal in '"H NMR spectrum (8 3.70 to 4.88 ppm)
and an appearance of singlet in area of & 2.14 ppm
(CH;COQ). The presence of amide group in product
(IID) follows from the disappearance of singlet signal at
o 2.44 ppm (0S(0),C,H,CH;) in the spectrum of
"H NMR and an upfield shift of the signal correspond-
ing to C2 (8 77.0 — 49.1 ppm) in the spectrum of
BC NMR, and also the appearance of a doublet at
86.75 ppm corresponding to amide NH (NH Jyy,
8.0 Hz).

Transformation of 1,6-anhydroderivative (III) to
glycosyl fluoride (IV) was achieved by its treatment by
70% solution of hydrofluoric acid in pyridine (Py 9HF,
Olah’s reagent) with addition of 1 equiv of acetic anhy-
dride. Note that two- to three-step sequence of reactions
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of acetolysis and acetoxyl replacement of halogen atom
or another leaving group at C1 is usually applied as the
main way of transition from 1,6-anhydrosugars to gly-
cosyl donors [12, 17, 18]. By the example of successful
single step opening of compound (III), we managed to
show that a direct transition from 1,6-anhydro deriva-
tives to glycosyl fluorides is possible. The formation of
glycosyl fluoride (IV) was confirmed by the appearance
in the "H NMR spectrum of a new singlet at 4 2.13 ppm
corresponding to acetyl group at C6, and also change of
spin-coupling values of ring signals in the final spec-
trum characteristic of *C, conformation of glucopyra-
nose ring, which indicate the opening of 1,6-anhydro
ring? The size of J;, constant in the spectrum of a
"H NMR (<1 Hz) of product (IV) allows the attribution
of a-configuration to the product, though this constant
is significantly less than that of triacetate of 4-fluoro-4-
deoxy-o-glucopyranosyl fluoride (2.8 Hz) [14]. At the
same time, the PB-configuration of anomeric center
should be excluded, because the spin-coupling constant
Jy, of 4-fluoro-4-deoxy-B-glucopyranosyl fluoride tri-
acetate is 5.8 Hz [14]. The fact of a sharp reduction of
Ji, in the derivative (IV) in comparison with 2-O-
acetyl analogue is curious, and it would be interesting
to compare constants of other N-trifluoroacetyl o-gly-
cosides with their O-acetyl analogues. The configura-
tion of C4 in product (IV) follows from the appearance
in the '"H NMR spectrum of characteristic signal H4 as
a doublet of triplets at & 4.63 ppm with constants Jy
50.2,J,59.5, and J,3 9.4 Hz.

The resulting glycosyl donor (IV) was transformed
to glucosaminide (V) by interaction with Me;SiMu in
the presence of boron trifluoride etherate. Glycoside
(V) was isolated in 28% yield. In addition to (V), for-
mation of trace quantities of the corresponding o-ano-
mer was noticed in the reaction according to 'H and a
13C NMR spectra. Formation of (V) was confirmed by
the appearance in 'H and '*C NMR spectra of the sig-
nals corresponding to methyl group and aromatic part
of Mu aglycone (see the Experimental section). The
value of J;, constant of 8.3 Hz in '"H NMR spectrum
indicates the formation of B-anomer.

A similar glycosylation reaction with the use of
B-glycosyl fluorides as donors and 4-methyl-7-trimeth-
ylsilyloxycoumarin as acceptor has been described in
[19] (yield of reaction 86%, /o ~3.3/1; the donor/BFj -
Et,0/Me;SiOMu ratio of 1/1/1.1). The differences of
glycosyl fluoride (IV) from the analogue described in
literature are the presence of fluorine atom at C4 instead
of acetyl group and o-configuration of the anomer cen-
ter. Now it is impossible to reliably estimate the contri-
butions of each of these factors into a lowered reactivity
of (IV) in comparison with 4-O-acetyl analogue. All
the attempts to optimize the reaction conditions have
not led to any increase in yield, which was 28% at a
ratio donor/BF; - Et,0/Me;SiOMu 1/2/1.1.

Further transformations g—j (scheme) of glycoside
(V) led to completely acetylated derivative (VI), the
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structure of which was proved by the appearance of
new signals in 'H- and '*C NMR spectra at & 1.98 (s)
and 23.3 ppm, respectively. The further transformation
of compound (VI) to the target glucosaminide (VII)
was carried out. There were no signals from two
O-acetyl groups in 'H NMR spectrum of product (VII)
and strong upfield shifts of protons H3 (8 5.48 —
3.98 ppm) and H6 (& 4.48-4.47 — 3.73-3.94 ppm)
were observed.

The resulting compounds (III), (VI) and (VII) were
additionally characterized with the use of spectral tech-
niques COSY-'H-'H and 'H-!*C, HSQC-'H-'H and 'H-
BC. This also allowed the assignment of signals for
analogues of these compounds, derivatives (IV) and
(V). These assignments do not leave any doubts con-
cerning the structure of the compounds synthesized.

Thus, our work opens in an efficient way to
4-deoxy-4-fluoro derivatives of levoglucosan. A transi-
tion from them to glucosaminide glycosyl fluoride was
developed. By the example of synthesis of a fluoro-
genic substrate of B-hexosaminidase containing a fluo-
rine atom in position 4 of the N-acetylglucosamine res-
idue, the synthetic potential of 4-deoxy-4-fluoroglu-
cosaminide donors in glycoside synthesis was revealed.

EXPERIMENTAL

We used in the work reagents of firms Fluka, Acros,
and Merck. Column chromatography was carried out
on silica gel 60 (Merck) and Silpearl; TLC, on alumin-
ium and plastic plates from Merck and Silufol with and
without an UV-indicator in systems ethyl acetate—tolu-
ene (EA : Tol), toluene—ether (Tol : Et,0) and ethyl ace-
tate—ethanol (EA : EtOH). Detection of substance spots
on TLC plates was achieved by heating (up to ~150°C)
or, at the use of Merck plates, by a preliminary treat-
ment with 10% H;PO, solution in EtOH. Angles of
optical rotation were measured on a Jasco DIP-360
polarimeter at 20-25°C. Spectra of 'H and '3C NMR
were registered on Bruker AC200, AM300, and
WM250 instruments for solutions of substances in
CDCl; (8, ppm; spin-coupling costants, Hz), chemical
shifts are given relative Me,Si. All experiments on bidi-
mentional correlation spectroscopy were carried out by
standard techniques of the Bruker firm.

1,6-Anhydro-4-deoxy-2-0-tosyl-4-fluoro-f3-D-
glucopyranose (II). Compound (I) [11] (5.00 g,
(16.7 mmol) and collidinium hydrofluoride (27.00 g,
0.19 mol) (Fluka) were placed in an autoclave with a
tetrafluoroethylene test-tube and heated for 55 h at
125°C. The reaction mixture was then cooled, diluted
with 300 ml of chloroform and washed with distilled
water (~500 ml). The organic layer was separated, dried
with anhydrous Na,SO,, and evaporated. TLC (system
EA-Tol, 1 : 4) showed that the resulting dark orange
residue contained the reaction product (R;0.34) and the
starting compound (R,0.63) at a ratio of ~1 : 1. A chro-
matography of the mixture on silica gel in system 1 : 5
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EA-Tol allowed the separation of starting compound
(I) (2.04 g) and 4-fluoro derivative (II), which was
recrystallized from benzene; yield 2.50 g (47%), color-
less crystals; R, 0.34 (EA-Tol, 1 : 4); mp 117-118°C
(mp (lit) 115-116°C [13, 14]), [a]p —39° (c 1, chloro-
form); '"H NMR: 2.44 (3 H, s, CH;), 2.89 (1 H, br. s,
OH), 3.70 (1 H, m, H3), 3.97-4.08 (2 H, m, H6a, H6b),
423 (1 H, s, H2), 441 (1 H, d, Jyur 50.1, H4), 4.71
(1 H, dd, HS), 5.33 (1 H, s, H1), 7.35-7.83 (4 H, two d,
OTos); BCNMR: 21.7 (s, CH;), 64.8 (d, Jcer 14.3,
C6), 69.5 (d, Jo3r 29.9, C3), 74.12 (d, Josr 22.0, C5),
77.0 (s, C2), 89.8 (d, Joyr 182.0, C4), 99.6 (s, C1).

1,6-Anhydro-3-0-acetyl-2,4-dideoxy-2-trifluoro-
acetamido-4-fluoro-p-D-glucopyranose (III). Com-
pound (II) (1.25 g, 3.79 mmol) and 17 ml of MeOH
were placed in a glass ampoule, the mixture was satu-
rated with ammonia at —15°C, and the ampoule was
sealed. The reaction mixture was kept at 105°C for
15 h, then the ampoule was opened, and its content was
evaporated. Metyl trifluoroacetate (1 ml), MeOH
(5 ml), and triethylamine (0.5 ml) were added to the
yellow residue, and the mixture was kept for 16 h at
20°C and evaporated. The residue was dissolved in
pyridine (15 ml), Ac,O (1.5 ml) and DMAP (10 mg)
were added to the solution, and the mixture was kept for
16 h. Water (50 ml) was further added to the mixture,
and it was coevaporated with toluene (3 X 20 ml). The
residue was chromatographed on a column in 1 : 10
EA-Tol system; compound (III) (1.05 g, 90%) was
obtained as colorless oil; R; 0.43 (Et,O : Tol, 1 : 1);
[o]p, =58° (c 1, chloroform); 'H NMR: 2.14 (3 H, s,
COCH,), 3.87 (1 H, m, H6a), 4.09-4.11 (2 H, m, H6b,
H2),4.46 (1 H,d, Jy4 £ 43.5,H4), 4.76 (1 H, t, H5), 4.88
(1 H,d, H3),5.43 (1 H, s,H1),6.75 (1 H, d, Jyg.m 8.0,
NH); 3C NMR: 20.7 (s, COCHj;), 49.1 (s, C2), 64.3
(d, C6),68.9(d, C3, Jc3£32.4),73.6 (d, C5, Js 20.2),
86.6 (d, C4, Jou r 180.0), 99.7 (s, C1).

3,6-Di-0-acetyl-2,4-dideoxy-2-trifluoroaceta-
mido-4-fluoro-a-D-glucopyranosyl fluoride (IV).
Compound (III) (1.07 g, 3.59 mmol), 15 ml of 70% HF
in pyridine, and 0.5 ml of Ac,O were placed in a tet-
rafluoroethylene vessel, and kept for 24 h at 20°C. The
reaction mixture was diluted with dichloromethane
(50 ml) and poured at intensive stirring in 10-ml por-
tions in a glass with a saturated solution of NaHCO;
(300 ml) with ice. The organic layer was separated,
dried with anhydrous Na,SO,, and evaporated. Crystal-
lization from toluene gave 0.82 g (63%) of colorless
crystals of glycosyl fluoride (IV); R;0.44 (Et,O : Tol,
1:3), mp 114-115°C, [a], + 2° (c 1, chloroform);
'"HNMR: 2.13 (6 H, s, 2 x COCHj;), 4.22 (1 H, m, H5),
4.28-4.34 (2 H, m, H6a, H2), 4.63 (1 H, dt, Jy, r 50.2,
Jaans 9.5, Juams 94, H4), 448 (1 H, d, Jyganer 12.5,
H6b), 5.46 (1 H, m, Jy35 12.3, JH3H4 10.3, H3), 5.67
(1 H, d, Jy, 5 52.2, H1), 7.05 (1 H, d, Jyony 8.1, NH);
3BC NMR: 20.5 (s, COCH;), 20.7 (s, COCH3) 49.1 (s,
C2), 61.3 (s, C6), 69.5-70.1 (m, C3, C5), 85.4 (d, Jeur
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188.1, C4), 104.8 (d, Jc g 226.1, Cl). MS, m/z: 344
(363-19) (M*—-F).

Methylumbelliferyl 3,6-di-O-acetyl-2,4-dideoxy-
2-trifluoroacetamido-4-fluoro-p-D-glucopyranosy-
de (V). Glycosyl fluoride (IV) (0.40 g, 1.1 mmol) and
4-methyl-7-trimethylsilyloxycoumarin [17] (0.30 g,
1.2 mmol) in 2 ml of dry dichloromethane were added
dropwise for 30 min to BF; - Et,O (0.3 ml, 2.1 mmol)
in 1 ml of dichloromethane under vigorous stirring. Af-
ter 24 h, dichloromethane (20 ml) was added to the re-
action mixture; it was washed with water (2 x 30 ml),
and organic layer was filtered and evaporated. The res-
idue was chromatographed in 2.5 : 1 Tol-Et,O system
and the isolated product was recrystallyzed from etha-
nol to get 0.16 g (28%) of (V) as colorless crystals; R,
04 (1 : 1 Et,0-Tol.), mp 178-179°C. 'H NMR: 2. 14
(3 H, s, COCHy), 2.16 (3 H, s, COCH;), 2.37 3 H, s,
CH,), 4.02 (1 H, m, H5), 431 (1 H, dd, Jyg,us 5.5,
Jrsanes 12.2, H6a), 4.43 (1 H, q, Jipng 96, Jro s 9.2,
H2), 4.51 (1 H, d, Jye,ner 12.3, H6b), 4.63 (1 H, dt,
JH4,F 505, JH4,H3 91, JH4,H5 92, H4), 541 (1 H, d, ‘]HI,HZ
8.3, H1), 5.57 (1 H, m, H3), 6.12 (1 H, s, H3"), 6.90
(I H, dd, Jye us 8.8, Jugns 2.15, H6'), 6.92 (1 H, d,
Jus ne 2.1, HS'), 7.48 (1 H, d, Jus.ne 8.75, HS'), 7.62
(1H,d, JNHH2 9.3, NH); 13C NMR: 18.6 (s, COCHy),
20.6 (s, COCH3), 53.9 (d, Joor 7.1, C2), 61.9 (s, C6),
71.2 (d, Josp 22.8, C3), 71.8 (m, C5) 86.6 (d, Jour
188.2, C4), 98.0 (s, C1), 103.4 (s, C6'), 112.9 (s, C3",
114.7 (s, C8"), 125.8 (s, C5).

Methylumbelliferyl N-acetyl-3,6-di-O-acetyl-4-
deoxy-4-fluoro-p-D-glucosaminide (VI). A solution
of MeONa/MeOH (3 ml MeOH, 6 mg Na) was added
to (V) (80 mg, 150 umol), and the mixture was kept for
16 h at room temperature. Then methyl trifluoroacetate
(0.3 ml) was added. The mixture was kept for 1.5 h,
neutralized with cation exchanger Dowex 50WX2 in
H*-form up to pH 7, the solution was filtered and evap-
orated. Acetone (1.5 ml) and NaOH (27 mg in 1.5 ml of
water) were added to the reaction mixture, it was kept
for 1 h at room temperature, excess of NaOH was neu-
tralized with 0.2 ml of AcOH, and the reaction mixture
was evaporated. An Ac,O/pyridine (0.5 ml + 0.5 ml)
mixture was added to the residue, kept for 24 h at room
temperature, diluted with water (30 ml), and evapo-
rated. The chromatography of the residue in ethyl ace-
tate and the subsequent crystallization from isopro-
panol resulted in product (VI); yield 35 mg (50%); col-
orless crystals; R0.48 (EA), mp 270-272°C, [a], —34°
(c1, chloroform) '"H NMR: 1.98 (3 H, s, NCOCHy,),
2.14 (3 H, s, COCH,), 2.16 (3 H, s, COCH,), 2.39
(3 H, s, CH;), 3.98 (I H, m, HS), 4.28 (2 H, m, H6a,
H2), 447 (I H, d, Jygue 12.2, HOb), 4.57 (1 H, dt,
Juap50.6, Juap3 9.1, Juans 9.2, H4),5.32 (1 H, d, Jy 112
8.2, H1), 5.48 (1 H, m, H3), 6.00 (1 H, d, Jyym 9.0,
NH), 6.17 (1 H, s, H3"), 6.94 (2 H, m, H6', H8"), 7.50
(1 H, d, Jysue 942, H5"); 3C NMR: 18.6 (s, CH;),
20.7 (2 s, COCHy), 23.2 (s, NCOCHy3), 53.9 (s, C2),
62.0 (s, C6), 71.6-72.0 (m, C3, C5), 86.7 (d, C4, Jcyr
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187.1),98.4 (s,C1), 103.9 (s, C6"), 113.0 (s, C3"), 114.0
(s, C8", 125.7 (s, C5").

Methylumbelliferyl N-acetyl-4-deoxy-4-fluoro-
B-D-gglucosaminide (VII). A solution of sodium
methylate (0.2 ml, 11 mg Na, 10 ml MeOH) was added
to a suspension of (VI) (8.7 mg, (19 wmol). The mixture
was kept for 16 h at room temperature, neutralized with
cation exchanger Dowex 50WX2 (H*-form), filtered,
and evaporated. The obtained oil was dissolved in water
and lyophilized. Compound (VII) (6.4 mg, 90 %) was
obtained as a colorless powder; R, 0.49 (EA-EtOH,
5:1); mp 243-244°C, [0],—7° (¢ 0.5, methanol);
'HNMR: 1.99 (3 H, s, CH3), 2.43 (3 H, s, NCOCH,),
3.73-3.79 (2 H, m, H6a, H5), 3.88-3.94 (1 H, m, H6D),
3.96-3.99 (2 H, m, H2, H3), 4.39 (1 H, dt, Jy,r 50.6,
a3 84, Jyans 8.4, H4), 5.28 (1 H, d, Jy; 1» 8.0, H1),
6.22 (1 H, s, H3"), 7.00-7.04 (2 H, m, H6', HY"), 7.72
(1 H, d, Jysue 942, H5"); 3C NMR: 18.6 (s, CHj),
22.9 (s, NCOCH;), 57.0 (d, Jo»r 7.1, C2), 61.5 (s, C6),
73.2(d, Josr 18.8, C3), 75.6 (d, Josx 25.0, C5), 90.6 (d,
Jeyp 181.2, C4), 99.9 (s, C1), 104.8 (s, C6'), 113.0 (s,
C3"), 115.0 (s, C8"), 127.4 (s, C5").
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