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ABSTRACT

Condensation of dimeric 3,4,6-tr1- O-acetyl-2-deoxy-2-mtroso-«-D-gluco-
pyranosyl chloride (1) with 1,2-0-isopropyhdene-g-D-glucofuranurono~6,3-lactonc
(2) gave 1,2-0O-1sopropyhdene-5-0-(3,4,6-tr1-O-acetyl-2-deoxy-2-hydroxyimino--p-
arabino-hexopyranosyl)-a-D-glucofuranurono-6,3-lactone (3) Benzoylation of the
hydroxyimino group with benzoyl cyanide 1n acetonitrile gave 1,2-O-1sopropyhdene-
5-0-(3,4,6-tr1-O-acetyl-2-benzoyloxyimino-2-deoxy-a-D-arabino-hexopyranosyl)-a-p-
glucofuranurono-6,3-lactone (4) Compound 4 was reduced with borane i tetra-
hydrofuran, yielding 5- O-(2-amino-2-deoxy-u«-D-glucopyranosyl)-1,2- O-1sopro-
pylidene-a-p-glucofuranose (5), which was 1solated as the crystalline N-acetyl deriv-
ative (6) After removal of the 1sopropyhidene acetal, the pure, crystalline title
compound (10) was obtained

INTRODUCTION

Reducing disaccharides having a (1—5)-linkage and higher saccharides that
contain such a structural element form a poorly studied group of substances The
presence of (1 5)-linkages in carbohydrates may easily be overlooked, as methylation
analysis and periodate oxidation do not discrimmate between (1—+4)- and (1-5)-
Iinkages 1n lmear or branched oligosaccharides Occasionally, the (1—4)-linkage 1s
established without seriously considering the alternative On the other hand, con-
clusions favourmg the (1-»5)-linkage are based on qualitative results obtained from
partial acid hydrolysis and “higher mobilities” on thin-layer chromatography (t1c)
of species containing furanoid umits®, without support from mstrumental techniques
[n mr spectroscopy and mass spectrometry (m s )]

The few (1—5)-linked compounds described 1n the literature can be divided
mto three groups (a) leucrose (5-O-a-D-glucopyranosyl-D-fructopyranose)?:3,
consisting of two pyranoid rings, (b) disaccharides consisting of two furanoid rings,
e g, 5-0-B-p-galactofuranosyl-D-galactofuranose®, and (¢) disaccharides consisting
of one pyranoid and one furanoid ning at the non-reducing and reducing site,
respectively.
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Disaccharides of type (¢) are rare and are found m partial, acid hydrolysates
of hetero-oligosaccharides as a result of the acid labihty of furanosides® Watson!
showed the presence of a 5-O-8-D-glucopyranosyl-p-galactofuranosyl unit n a
hexasaccharide obtained from the type specific substance (S 33 B) from Pneumococcus
type 33B 5-0-f-D-Glucopyranosyl-D-glucofuranose was found in hydrol, the
restdual mother liquor in the production of D-glucose by acid hydrolysis of corn
starch®. Maghumn-Rogster and Jadot? reported the isolation of maniocose (5-O-o-D-
glucopyranosyl-p-glucofiranose) from the roots of mamoc The synthesis® of
maniocose was also accomplished via condensation of 3,4,6-tri-O-acetyl-1,2-anhydro-
a-D-glucose and 3,6-di-O-acetyl-1,2- O-isopropylhidene-a-b-glucofuranose (11) How-
ever, m our laboratory, a sample of the 1solated disaccharide proved to be mainly
1somaltose Gas-liquud chromatography (g1c) showed that the retention times of
per-O-Me;Si-1somaltose and per-O-Me,S:-“maniocose” and of their respective
per-O-Me;di-alditols were identical Moreover, the per-0O-Me;Si-alditols of leucrose
and maniocose were definitely different by gl ¢ The *H-n mr spectra of 1somaltose
and “maniocose” in deuterium oxide and of their per-O-Me,;S1 and per-O-Me
derivatives m acetone-dg and acetonitrile-d; are mmdistinguishable In our hands, the
synthesis according to Maghuin-Rogster® yielded isomaltose in substantial amounts
because the conditions for the removal of the 1sopropylidene groups were such as to
give an acid reversion mixture Apart from this acid reversion, evidence was obtained
that the synthesis afforded a (1—3)-linked disaccharide up to the i1sopropyhidene-
protected stage as the result of a C-3 - C-5 acetyl migration m 11 The C-3—-C-5
acetyl migration 1 11 was also encountered m methylatica studies®.

Previously!?, it was stated that differentiation between a (1—5)- and a (1-6)-
linked per-O-Me;Si-disaccharide by means of m's was impossible However, this
conclusion was based on the use of a maniocose sample as the only (1—5)-linked
compound Since maniocose 1s, 1n reality, isomaltose, 1t was considered necessary to
synthesize a set of (I1—S5j-linked disaccharides, and to determine whether regularnties
1n their mass spectra could be found to enable discrimination between the (1—5)- and
{(1—»6)-hinkages The most-promising approach to the synthesis of «-(1—5)-linked
disacchandes seemed to be that of Lemieux ef a/ *! 2, These workers showed that
condensation of dimeric 3,4,6-tri-O-acetyl-2-deoxy-2-nitroso-a-D-glucopyranosyl
chloride (1) with suitably protected sugars yielded the corresponding 2-deoxy-2-
hydroxyimino-a-D-arabino-hexopyranosides, which 1n turn give access to the «-D-
Iinked ammo-sugar disaccharides!3 as well as to the neutral a-p-linked disac-
chanides!*. We now report the synthesis of a (1-»5)-¢-p-linked amino-sugar di-
saccharide

RESULTS AND DISCUSSION
As a suitably protected sugar aglycon having HO-5 free, the readily available

1,2-O-1sopropylidene-a-D-glucofuranurono-6,3-lactone!® (2) was selected This
compoand has the advantages that 1f does not possess protecting groups that are
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hkely to nugrate (¢f. 11) and that borane reduction of 4 should Iead to the formation
of the anticipated monosaccharide moieties (2-ammo-2-deoxy-D—glucose and D-
glucose) 1 one step

O——CMe2

o———CN
3R

4R

8z

Condensation of 1 and 2 was carried out in N,N-dimethylformamide without
an acid acceptor The presence of an acid acceptor is not recommended, as it 1s
possible that a-hydroxymminoglycoside formation may mvolve some anomernsation
of mmtially formed p-hydroxyiminoglycoside!! Indeed, Miyai and Jeanloz!'®
synthesized mainly a f-p-linked disaccharide with N,N,2,6-tetramethylaniline as acid
acceptor The condensation of 1 and 2 yielded a complex mixture (t 1 ¢ ) from which 3
was isolated by column chromatography at low temperature At room temperature,
compound 3 was almost completely destroyed on silicic acid, and mainly 2 was
eluted The coupling product 3 decomposed on prolonged standing 1 N, N-dimethyl-
formamide The instability of 3 was more pronounced 1n both weak acid and alkaline
media For this reason, the attempted conversion of 3 mto the corresponding 3,4,6-
tr1-O-acetyl-a-D-arabino-hexopyranosid-2-ulose (a precursor for the synthesis of the
neutral disaccharide'?) with acetaldehyde m acetomitrile-hydrochloric acid or
titanium(IIl) chlonde failled Attempts to obtain the acetoxyimino denvative of 3,
which 1s a precursor for the synthesis of the amino-sugar disacchanide!?, by acetyi-
ation with acetic anhydride in pyridine also failed

Discimination between «- or S-hydroxymmnoglycosides on the basis of the
chemucal shift of the H-1’ simmglet 1s unreliable, because the chemical shifts of the
anomeric hydrogen of the hydroxymminoglycosyl umit varies over 0 Sppm de-
pending on the nature of the aglycon'? A difference of only ~03ppm 1s to be
expected for H-1 of o- and f-analogues!! Surprisingly, however, the electron
paramagnetic resonance (e p r.) spectrum of the stable immoxy radicals (>C=N-=0)
generated on oxidation of 3 1s essentially the same as that of methyl 3,4,6-tri-O-
acetyl-2-deoxy-2-hydroxyimino-u-D-arabino-hexopyranoside, and is different from
what has been interpreted to be that of the § 1somer!”.

Acylation of the hydroxyimino group was accomplished with benzoyl cyanide
in acetomitrile in the presence of a catalytic amount of triethylamme. This method
was origmally applied 1n the benzoylation of rather sensitive molecules in nucleoside
and nuclectide chemistry!® The structure of the stable benzoyloxyimmo compound 4
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was proved by 220-MHz 'H-n mr spectroscopy (Table I) The couphng constants
and chemical shifts of H-3' and H-4’ are of the same magmtude as those reported for
2-acetoxyimino-3,4,6-tri- O-acetyl-2-deoxy-a-b-arabino-hexopyranosides ! !

TABLE 1

1H-N MR DATA OF 2 (100 MHz}, 3 (60 MHZz), AND 4 (220 MH2z) N
CHLOROFORM-d WITH MesS1 AS INTERNAL REFERENCE

Reducing unt

H-1 H-2 H-3 Hdq4 HS5 Y3, Jaa Jza  Jas
2 598 480 4383 493 455 37 00 31 44
3 601 474 «486-505°—> 464 37 — — 44
4 603 4 80 484 507 461 37 00 31 44

Non-reducing unir

H‘I’ H-3' H“4’ H’Sl H-6a’ H‘6b’ J3 s J4 5 Js 6a Js 46b” Jﬁa &b

3 618 584 525 456 <«—42-44°~> 95 95 —a -7 —
4 6 26 599 539 449 431 416 i0oo 100 37 25 —125
Other groups

OH CMe, OAc OBz
2 34 (HO-5) 135 151 — —
3 9 3 (oxime) 135 152 2 07 (max) -—
4 -—_ 136 151 205 207 216 740-8 10

“Complex multiplet

The stability of 4 (in contrast to 3) and the stable 3,4,6-tri-O-acetyl-2-deoxy-
2-hydroxyimino-a-D-hexopyranosides described by Lemieux!? imply that the driving
force in the decomposition of 3 lies mn the hydroxyimino group in combmation with
the present aglycon group.

Compound 4 was reduced with borane in tetrahydrofuran under the same
conditions as for acetoxyiminoglycosides!>®. The minhydrin-positive compound (5)
thus obtamed 1n solution was isolated as the crystalline N-acetyl derivative 6 [5-0-(2-
acetamido-2-deoxy-a-D-glucopyranosyl)-1,2- O-1sopropylidene-«-D-glucofuranose]
The configuration of the inter-sugar glycosidic bond 1 6 was unambiguously proved
to be « by !H-n.mr spectroscopy

Methylation?® of 6 resulted in a partially N-methylated mixture of the per-
O-Me derivatives 7 and 8. Although there 1s clear evidence from the fragment ions
at m/e 173 and mfe 231 1n the mass spectra of 7 and 8 for an exocyclic glycosidic
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linkage, no discnmination was possible between the (1—5)- and (1-—6)-hinkages
(Scheme 1). The same information with respect to the glycosidic linkage was given
by the mass spectrum of the per-O-Me;S1 denvative (9), although the primary
fragmentations were less pronounced than in the spectra of 7 and 8. However, the
relatively small peak at mfe 231 (C,;oH,,0,S1, calc. 231.1053, measured 231.1071)
1n the spectrum of 9 was due to to the 3-0-Me;S1 analogue of the 3-O-Me fragment
(mfe 173) 1n the spectra of 7 and 8, as shown by high-resolution mass spectrometry
(Scheme 1)

260[7]
246[8]}

173{7 + 8]
231[g]
[
O—CMe,
231[7+ &)
5 RI = R2= R3= H
6 RP= Ac,R' = R3¥=H

The permethylated mixture of 7 and 8 was further processed as described for
alditol acetate analysis?® using sodium borodeuteride 1n the reduction step The
glc~-ms data for 1,2,4,5-tetra-O-acetyl-3,6-di- O-methyl-pD-glucitol-d, (formula 12)
were the same as those earlier reported?!:22, except for the mass shift of one dalton
in some fragment 1ons due to the imtroduction of the deuterium icotope. Apart from
synthetic evidence, proof of the (1—5)-linkage in 6 1s given by comparing the mass-
spectral data of 7 and 8 and of the derived alditol acetate 12

C\H‘OH CH204C CH,OMe a5
o,
"o \ HOCH o CHOACc
CHOH
HO ! Qe o CiHOAc
NH OH
- O—CH _O f
AL [ 190 CHOMe

on O—CMe» 1‘ 233

l CHOAC

10 CH n

CHDOAC

12
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Because of the unknown acid-lability of the inter-sugar glycosidic linkage i 6,
0 5M sulfuric acid was selected for the removal of the isopropyhidene group under
conditions that were easier to monitor than i trifluoroacetic acid-water?3 (9.1) The
deprotected sugar (10) readily crystallized G1c¢ analysis, after trimethylsilylation
of tke crystalline matenal, mndicated that one anomer was present in the crystalline
state The anomerisation of this furanose sugar i1s extremely rapid, the optical
rotation (e,,) of 10 being constant directly after dissolution of crystalline 10 in water.
However, the anomerisation of the crystalline disaccharide in pyridine-ds could be
followed by *H-n m r spectroscopy. Thus, it was shown that the free sugar occurs as
the f-D anomer 1n the crystalline state G1c analysis of trimethylsilylated, freeze-
dried 10 showed two peaks in the ratio 1:1 for the two anomers (Table II) This
finding was confirmed by the !H-n m r spectrum of 10 m deuterium oxide, which
showed a 1-1 pair of doublets for H-1 (¢, J; ; 37Hz, 8, J, ,07Hz)and alsoca 11
pair of doublets for H-1’ (both J;. ,. 34 Hz, «} The small coupling constant of the
p-anomeric hydrogen of the furanose moiety 1s 1 accordance with calculated and
observed values of g-D-gluco- and f-p-galacto-furanosides®*

Table 1

G L C DATA® OF THE PER-O-TRIMETHYLSILYL DERIVATIVES OF 6, 10, AND
THE ALDITOL OF 10

3% of OV-225 3 8% of SE-30
Ts Ts
Crystalline 6 84 £03 173 £002
Mother hiquor of 6 84 03 173 002
103 =05° 108 001"
Crystalline 10 44 +02° 180 £002°
Freeze-dried 10 44 £02° 180 +002°
50 £02¢ 195 +002¢
Alditol® of 10 45 +02 257 £002

2At 245°, the relative retention times (75) are given relative to the per-O-trimethylsilyl derivative of
sucrose ®Compound of unknown structure “Assigned as the f-anomeric form by time-dependent
1H-nmr spectroscopy %x-Anomeric form °Prepared by sodium borodeuteride reduction of 10

EXPERIMENTAL

Materials — Silylation Grade N,N-dimethylformamide was purchased from
Pierce Chemical Company WNitrosyl chloride!?:16 (Matheson Gas Products) was
distilled 1mmediately before use A M borane solution in tetrahydrofuran was
purchased from Aldrich Chemical Company Benzoyl cyamide of practical grade was
obtamned from Fluka A G. Indophenol Blue (Baker TLC reagent) was used as a
reference material

General methods — Melting points are corrected Solutions were concentrated
under diminished pressure (water aspirator) at 40° (bath). Optical rotations were
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recorded at ambient temperature with a Perkin-Elmer 141 instrument. *H-Nmr
spectra (internal Me,S1) were recorded with Varnan A-60, HA-100, and HR-220
spectrometers Infrared spectra were recorded with a Beckman IR-8 instrument
Trimethylsilylation of 1-mg samples of sugars was performed with 1,1,1,3,3,3-
hexamethyldisilazane and chlorotrimethylsilane m pyridine 1°. Methanolysis of sugar
samples followed by glc analysis of the methyl per-O-Me,;Si-glycosides was per-
formed by the procedure of Clamp*® Directions for the generation of the iminoxy
radicals (>C=N-—0) from the parent oxime 3 and for the interpretation of the
e pr spectra will be pubhished elsewhere!”

Chromatography — T1c was performed on silica gel (Schleicher & Schull
TLC Ready Plastic Foil FR-1500) Mobilities are expressed as Rg, Rgpc and
Rivporuenorsrve (R values Detection was effected by spraymg with 20% conc
sulfuric acid in methanol and charring at 120° for 10 min The following solvents
were used A, ethyl ether-light petroleum (bp 46-60°) (4 1), B, acetic acid—ethyl
acetate—~water—1-butanol (6 31 8), C, hexane-acetone (6 4), and D, 2-propanol-
ethyl acetate-water (22 1)

G lc¢ of per-O-Me and per-O-Me;S1 denivatives of sugars was carried out on
a Pye 104 instrument equipped with flame-iomisation detector and glass columns
(1.60 m x 4 mm) packed with 3 8% of SE-30 or 3% of OV-225 on Chromosorb W-AW
DMCS (80-100 mesh) The gas flow rate for N, was 40 ml/mm The retention times
(Ty) are given relative to that of per-O-Me;Si-sucrose

Mass spectrometry. — 70-eV Mass spectra were recorded on an AEI MS-902
mass spectrometer at an ion chamber temperature of 80-100° (trap current 500 A,
accelerating voltage 8 kV) High-resolution mass measurements were performed with
a dynamic resolving power of 10,000 and scan speed of 16 sec per mass decade, with
the spectrometer connected on-line with a Ferranti Argus 500 computer The exact
masses were converted into element bists as described by Van’t Klooster er al 2°
75-eV Mass spectra were recorded on a Jeol JGC-1100/IMS-07 combination {column
material 3% of SE-30 on Chromosorb W-AW DMCS (80-100 mesh), oven temper-
ature 158°, 1on-source temperature 250°, accelerating voltage 3 kV, 1omzing current

300 zA)
1,2-O-Isopropylidene-5-0-(3,4,6-tri-O-acetyl-2-deoxy-2- hydroxymmno -o.-D-
arabmo-hexopyranosyl)-o-p-glucofuranurono-6,3-lactone (3) — Dimenic 3,4,6-tr1-O-

acetyl-2-deoxy-2-mitroso-a-D-glucopyranosyl chloride!? *¢ (1, 800g, 119 mmol)
and 1,2-O-sopropyhdene-a-p-glucofuranurono-6,3-lactonel (2; 800 g, 37 mmol)
were dissolved in N,N-dimethylformamide (37 ml) The solution was flushed with dry
nitrogen and kept, with exclusion of moisture, at 30° for 16 h in the dark The
coloured reaction mixture was concentrated to 20 ml in vacuo using a vacuum capillary,
diluted with chloroform (125 ml), washed with iced water (3 x 30 ml), dried (sodium
sulfate), and concentrated The brown, sirupy residue was immediately applied to a
column (1 25 m x 4 cm) of silica gel (Merck Kieselgel 60, 70230 mesh) with a cooling
jacket (4°) and eluted with solvent 4. A mixture of products (8 40 g) having Ry values
(tlc, A) of 0.44, 039, 0.26 and 0.15, respectively, was eluted in three fractions
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Preparative separation of these compounds failed because of therr similar mobilities
and tendency to decompose 1nto a polymeric material and 2 The last fraction (3 70 g,
7.15 mmol, 30%) consisted mainly of 3 as judged fromtlc (Rg0 15, 4) and spectro-
scepic analysis (H-nmr and e pr of the iminoxy radicals!?) The material did not
crystailize and was obtained as a brittle foam in vacvo Compound 3 could be stored
at —20° over longer periods The !H-n m r spectrum (Table I) was consistent with the
allocated structure, H-2, H-3, H-6a’, and H-6b’ gave unresolved resonances Ir
(film) data 3300 (OH, oxime), 1800 (C=0, lactone), and 1745 cm™* (C=0, acetyl)

1,2-O-Isopropyhdene-5-0-(3,4,6-tri-O-acetyl-2-benzoyloxyimino-2-deoxy-a-D-
arabmo-hexopyranosyl}-o-p-ghtcofuranurono-6,3-lactone (4) — A solution of 3
(850 mg, 1 64 mmol) and benzoyl cyamde (325 mg, 2 48 mmol) in dry acetonitrile
(10 ml) was cooled to 0° and tniethylamine (50 ul) was added The solution was
allowed to reach room temperature during 10-15min TJlc (4) then mdicated the
absence of the starting material Methanol (1 ml) was added and the solution was
concentrated to a small volume The residue was twice recrystallized from ethanol-
ether to yield 600 mg (0 97 mmol, 59%) of 4, mp 159°, [o]3® +73 0° (¢ 2 7, chloro-
form) (Found C,543,H,515,N,2.1,0,382 C,sH;,NO,scalc C,541,H,503,
N, 225, O, 38 6%) The 1r spectrum revealed the disappearence of the hydroxyl
absorption of the oxime The structure of 4 was confirmed by 220-MHz 'H-nm r
spectroscopy (Table T)

5-0-(2-Acetamido-2-deoxy-a-D-glucopyranosyl)-1,2-O-1sopropyhdene-o-p-gluco-
furanose (6) — A solution of 4 (119 g, 1 92 mmol) in dry tetrahydrofuran (15 ml)
was flushed with dry mitrogen and cooled to —60° A M solution of borane in tetra-
hydrofuran (18 ml) was slowly added with sturing and cooling below —40° The
mixture was allowed to reach room temperature during 3h Then methanol was
added at —60° to destroy the excess of borane The resulting solution was concen-
trated, and methanol was distilled from the residue three times to remove boric acid
The minhydnn-positive matenial (5) was N-acetylated with acetic anhydride 1 50%
aqueous methanol'* However, O-acetylation occurred to a small extent on con-
centranon of the solution, as indicated by faster-moving bands on tlc¢ (B) These
bands disappeared on subsequent O-deacetylation with triethylamime in aqueous
methanol'* Crystallisation from methanol-ether gave 6 (214 mg, 26%), mp 215°
(dec), [elp +95° (¢ 26, water), R 045, R084, Rg; 121 (tlc, solvent B) Gle
showed a purity of €97% (Table II) 'H-Nmr data (100 MHz, D,0, external
Me,S1) 182,198 (25, CMe,), 230 (s, NA¢), 514(d, J,,, 37, J,,3 ~0Hz, H-2,
partially masked by HOD signal), 552 (d, J,.,, 34 Hz, H-1"), 642 (4, J, , 3.7 Hz,
H-1), the signals for H-1 and H-1’ were assigned by comparison with the signals for
H-1 in methyl 2-acetamido-2-deoxy-a-b-glucopyranoside and 1,2-O-isopropylidene-
a-p-glucofuranose (Found C, 48.55, H, 71, N, 322 C,;H,,NO,, calc C, 4822,
H,69,N,331%)

Further structural evidence for 6 was obtained by methanolysisand glc
2-acetarmido-2-deoxyglucose and glucose were found mm a ratio of 1110 No
2-acetamido-2-deoxymannose was present, and it was also absent from the mother

19 23
>
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hiquor of 6 Thus, the reduction of 4 1s stereospecific Concentration of the mother
hquor of 6 gave a syrup (250 mg) which consisted of 6 and an unknown compound
m the ratio 74 (g1 c, Table II)

Methylation and alditol-acetate analysis of 6. — Kuhn methylation?® of 6
(10 mg) gave a syrup which was purified by p1¢ on silica (solvent C, detection under
u v. light after spraying with 1% of morin 1n methanol, followed by extraction with
chloroform) The main components 7 and 8 (R; 0 60 and 0.54) were 1solated 1n one
fraction, which on glc (3% of OV-225, 225°) gave one peak with a shoulder on the
negative slope 'H-n mr data (CDCl;) &1 34 and 1.48 (25, CMe,), 2 10 (s, NAo),
2 14 (s, MeNA4c), 3 03 (s, MeNAc), 581 (d, J;,, 38 Hz, H-1), 454 (d, J,,, 38 Hz,
H-2),490(4, J, , 40 Hz, H-1"), OMe resonances at 3.32, 3 41, 3.42, 3 50, and 3 54,
other protons 2 8-4 2

The foregoing data and the ms data (formulae 7 and 8) indicate partial
N-methylation of 6 The muxture of 7 and 8 was hydrolyzed, reduced with sodium
borodeuteride, and acetylated?! to give 1,2,4,5-tetra-O-acetyl-3,6-di-O-methyl-
glucitol-d;, (12) with 7" 3 95 relative to that of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-
glucitol on 3% of QV-225 at 158° (it value®? 3 73). The structure of 12 was con-
firmed by m s

5-0-(2-Acetamido-2-deoxy-a-D-glucopyr anosyl)-B-p-glucofuranose (16) — A
solution of 6 (120 mg, 0 28 mmol) 1 0 5M sulfuric acid (6 ml) was kept for 16 h at 22°
Most of the isopropylidene groups were then removed (tlc, solvent B, R0 23,
R; 043, Rgc062), whereas only small amounts of glucose were detectable The
solution was neutralized with Dowex 1 x2 (HCOj') resin, filtered, and freeze-dried
G 1c¢ of the crude product (100 mg) indicated a 7 1 mixture of 10 and 6, correspond-
mgtoan 86% yield of 10 The mixture was eluted from a column (30 x 1 cm) of Sulica H
(Merck) with solvent D at ~0 5 ml/mm to give 6 (11 mg, 9%) and 10 {65 mg, 61%)
Compound 10 crystallized readily from ethanol-ether, consisted of only one anomer
(glc,Tablell),and had m p 128° [a], +101° (equil , ¢ 1 8, water) (Found C, 40 37,
H, 716, N, 320, O0,4938 C,,H,,NO,, 2H,O calc C, 4010, H, 697, N, 3 34,
0, 49 59%) The *H-n m r spectrum of 10 1s consistent with a 1 1 mixture of anomeric
forms 6592 (J,, 37Hz, H-1), 502 (J,.,- 34Hz, aH-1'), 564 (J, , 07 Hz,
BH-1), 507 (J, , 34 Hz, aH-1’) The B configuration of crystalline 10 was deter-
mmed by time-dependent 'H-nmr spectroscopy in pynidine-d; The signal of
aH-1 (6 6 20) reaches maximum mtensity within 3 min after dissolution of crystallime
10
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