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ABSTRACT

A procedure for the preparation of branched-chain sugars having highly functionalised C-branches
is reported. Reaction of furanos-3-uloses, pyranos-3-uloses, or pyranos-2-uloses with sodium cyanide
followed by mesylation of the corresponding cyanohydrin afforded a-mesyloxynitriles which, on treatment
with base, underwent aldol-type cyclocondensation to yield furanose-3-spiro-, pyranose-3-spiro-, and
pyranose-2-spiro-5-(4'-amino-1',2"-oxathiole-2’,2'-dioxide) derivatives. Treatment of the furanose-3-spiro
derivatives with methanolic sodium methoxide gave C-[(£)-1-amino-2-(methoxysulfonyl)vinyl] branched-
chain sugars having the same configuration as the starting cyanohydrins.

INTRODUCTION

Sulfonate groups of carbohydrates' are good leaving groups which can participa-
te in elimination™ and nucleophilic substitution reactions’. However, their utility in S,2
reactions at sp’ carbon atoms of sterically crowded substrates is limited®. It is difficult to
promote the displacement of some secondary sulfonates in the absence of anchimeric
assistance’. Potentially useful synthons for the preparation of branched-chain sugars’
are g-mesyloxynitriles (cyanomesylates) which can be easily obtained by reaction of
uloses with sodium cyanide followed by mesylation. These sulfonates have been used for
the synthesis of rubranitrose, evernitrose, vancosamine, and other components of
branched-chain sugar antibiotics’. The mesyl group behaves as a good leaving group in
intramolecular S, 2 reactions.

We now report a simple method for the stereospecific synthesis of branched-chain
sugars having a highly functionalised C-branch. In a preliminary account®, we reported
the unexpected behaviour of tertiary cyanomesylates which, under basic conditions,
underwent intramolecular aldol-type cyclocondensations to afford C-branched spiro
derivatives. This new reaction is now reported in detail and extended to other sugar
derivatives.

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.
" To whom correspondence should be addressed.
** Present address: Glaxo Espafia, S.A., Pza. Carlos Trias Bertran 4, 28020 Madrid, Spain.
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RESULTS AND DISCUSSION

Reaction ol 5-0-(rers-butyldimethylsilyl}- 1. 2-O-sopropylidenc-x--cryv thro-
pentofuranosid-3-ulose” (1) with sodium cyanide and sodium hyvdrogencarbonate in
ether water (2:yatroom temperature afforded the cvanohydrin 2¢94%, ). Compound 2

by

y

wis epimerised to the thermodynamically more stable cyvanohvdonm 1 e89%)
treatment with L.8-diazabicvelo[S. 4. 0jundec-7-ene (DBUY in acetonirile,

fed]
<l

FEuM e, 510

The absolute configuration at (-3 of the epimeric cyanohvdrins 2 and 10 was
determined as follows. Removal of the 5-O-rerr-butyldimethylsiivl group of 18 with
methanolic 0.1M hydrogen chloride followed by reaction of the resulting 3.5-diol with
acetone,  p-toluenesulfonic acid. and  triethyl  orthoformate.  gave the 3.5-¢k
isopropylidene derivative 14 (61%). Simitar treatment of 2 did not afford any ssopropyi-
idene derivative, The rrans relationship of HO-3 and HOCH -5 1 the kinetic product 2
accords with the approach of the evanide ion from the sterically less-hindered f-face of

il

the ulose 1. opposite to the 1.2-O-isopropylidene group.
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Reaction of 2 and 10 with mesyl chloride in pyridine gave the respective «-
mesyloxynitriles 3 (80%) and 11 (71%), treatment of which with DBU afforded the
spiro derivatives 5 (76%) and 12 (71%), respectively. The formation of § and 12 can be
explained by abstraction of a proton from the mesylate group, followed by nucleophilic
attack of the resulting carbanion at the nitrile carbon atom. The imine formed initially
undergoes base-catalysed tautomerism to the enamine. The unusual intramolecular
aldol-type cyclocondensations 3 — § and 11 — 12 can also be effected with other
base/solvent systems such as sodium hydroxide in acetonitrile and sodium hydride in
dimethoxyethane. The use of a more nucleophilic base, such as sodium methoxide in
methanol, afforded the 2-mesyloxyiminoether 15 (61%) by nucleophilic attack at the
CN group, and the formation of 5 was not detected. In these reactions, neither
elimination nor substitution of the tertiary 3-O-mesyl group was observed. This finding
contrasts with those for 3-sulfonates of furanoses™ and pyranoses'® which afford, by a
trans elimination, 2.3- and 3.4-unsaturated sugars®*'’, as well as nucleophilic sub-
stitution products*''. Based on these precedents, the basic treatment of 3 and 11 should
result in trans elimination of MsQ-3 and H-2 and H-4, respectively. However, this
MsO-3is a very poor leaving group and did not behave as expected. This behaviour was
also found for a variety of secondary sulfonyloxy groups of carbohydrates’.

The spirocyclic sulfonate group was relatively stable under acidic conditions.
Thus, treatment of § with methanolic 0.1M hydrogen chloride removed the silyl group
and gave 6 (86%). Acetylation of 6 followed by treatment with aqueous trifiuoroacetic
acid removed the 1,2-O-isopropylidene group to give an «,f-mixture that was character-
ised as the x- (8) and f-tetra-acetate (9).

The spiro derivatives 5 and 12 were stable under the basic non-nucleophilic
conditions used in their preparation. However, treatment of 5 and 12 with a nucleophilic
base, such as methanolic sodium methoxide, afforded the 3-C-branched-chain sugars 7
(70%) and 13 (64%), respectively. Thus, the sequences 2 — 7 and 10 — 13 result in the
transformation of a cyanide group of a cyanohydrin into a highly functionalised
E-aminovinylsulfonate derivative with retention of the configuration at the carbon
atom a to the cyano group.

The structures of the new compounds were established from their analytical and
spectroscopic data. The 'H-n.m.r. spectra of the spiro derivatives § and 12 contained no
signal for a mesylate group, but there were two new singlets (4.74 and 5.57 p.p.m. for 5,
4.67 and 5.41 p.p.m. for 12). The highfield signals disappeared on rapid exchange with
D,0 and were assigned to the NH, group. The downfield singlets that disappeared on
slow exchange with D,0O were assigned to H-3*. The slow exchange could be due to an
imine—enamine tautomeric equilibrium.

The 'H-n.m.r. spectra of the branched-chain derivatives 7 and 13 contained
singlets at 3.75 and 3.76 p.p.m., respectively, for a MeOSO, group, and the “C-n.m.r.
spectra contained corresponding signals at 54.75 and 54.80 p.p.m., respectively. Thei.r.
spectra and elemental analyses were in agreement with the proposed structures.

* Although the oxathiole ring has priority over the tetrahydrofuran or tetrahydropyran, primes have been
used in the numbering of the oxathiole ring in order to keep the same numbering system for the furanose and
pyranose rings.
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This new reaction was also applied to 3-C-cyano-1,2:3.6-di-O-isopropylidenc-3-
O-mesyl-x-D-allofuranosc'” {(17). Treatment of 17 with DBU in acetonitrile effected the
aldol-type cyclocondensauon reaction to alford the spiro derivative 18 {66%4). The
"H-n.m.r. spectrum of 18 contained two new singlets at 6.43 and 3.63 p.p.m. assigned (o
NH, and H-3', respectively,

v BT

Finally, the reaction was applied to the z-mesyloxynitriles obtained from hexopy-
ranosid-3- (19", and -2-uloses (25 and 30). The uloses 25 (77% and 30 (R2%) were
obtained by reaction of methyl 4,6-O-benzylidene-a-p-glucopyranoside with rerr-bu-
tyldimethyisilyl chloride 10 pyridine followed by vxidation of the products, 24 and 29,
respectively, with CrO-pyridine. The cyanomesylate 21 was obtained from 19 under
conditions of thermodynamic control. Thus. treatment of 19 with sodium cvamde in
tetrahydroturan water (2:13 for 5 h at room temperature in the presence of sodium
hydrogencarbonate. followed by mesylation of the intermediate cvanohyvdrin 20, af-
forded 21. The cyanomesylates 27 and 32 were prepared trom the uloses 25 and 30
respectively. by treatment with sodium cyanide in ether water (2:1) for 24 b at room
temperature, followed by mesylation of the respective cyanohyvdrins 26 and 31, The
cyanohydrins 20. 26, and 31 were not solated. but therr absolute configurations ware
assumed to be the same as those of the corresponding cyanomesylates. as in previous
mesylations of cyanohydrins. no epimerisation was observed™ " "

Only one of the two possible epimeric cyanomesylates was obtained 1 each
reaction. Since the only difference between 19 and 25 is the 2-substituent, the different
stereochemistry of the two cyanomesylates obtained from them. 21 (g/ucoyand 27 (alfo).
respectively. could be due to the steric (silvl group) and. or netghboring (benzovl) group
participating effects, which may oppose and favour, respectively. the formation of the
thermodynamic (gluco) product.

According to related additions of hydrogen cvanide to methyl 4,6-0-benzyli-
dene-2-deoxy-z-p-¢rythro-hexopyranosid-3-uloses. the compound with the cquatonal
(27) and axial CN (21) should be'*" the products of kinetic and thermodynamic control.
respectively. However, under similar conditions of thermodynamic control. methyl
2.6-dideoxy-4-O-methyl-x-1»-threo-hexopyranosid-3-ulose afforded the corresponding
D-xylo-cyanohydrin (cyanomesylate) in which the CN group is equatorial™.
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Treatment of the cyanomesylates 27 and 32 with DBU in acetonitrile afforded
spiro derivatives 28 (77%) and 33 (73%), respectively. Similar treatment of the benzoate
21 gave a mixture of the spiro derivative 22 (12%) and its N-benzoyl derivative 3 (20%).
Partial deprotection of the base-sensitive benzoyl group and O — N migration may
explain the formation of 23 and the low yield of this reaction.

Assignment of the absolute configurations at the C-3 position of cyanomesylates
and spiropyranosyl derivatives was based on the n.m.r. data. The coupled "C-n.m.r.
spectra of the cyanomesylates 21 and 27 contained signals at 111 and 114 p.p.m.,
respectively, for CN. The coupling constant Jqy ., and Jey .4 values of 7 Hz for 21
indicate'®® CN to be trans-diaxial to H-2 and H-4. On the other hand, the low values
(~0 Hz) of Jey .o and Jey 1.4 for 27 suggested CN to be gauche to H-2 and H-4, and,
thus, equatorial. The coupled *C-n.m.r. spectrum of 32 contained a signal (dd) centered
at 114 p.p.m. for CN. The Jy ., and Joy . values (1 and 7 Hz, respectively) indicate
CN to be axial. These assignments were confirmed by n.O.e. experiments carried out on
the corresponding spiro derivatives 22, 23, 28, and 33. Irradiation of the NH, group of
22 caused n.O.e. of the signal for H-3' and of the multiplet that included signals for H-4
and H-5. It was assumed that the n.O.e. involved only the signal for H-5, since there was
no effect on the signal for H-2 which is located on the same face of the molecule as H-4.
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Irradiation of the NH, group of 28 induced n.O e. of the signals for H-3. H-2. and H.4.
These results indicated that the NH protons of 22 and 23 are below the plane of the
pyranose ring, whereas the NH, group of 28 is above the plane. Finally, rradiation of
the NH, group of the spiro derivative 33 showed n.O.¢. of the signals for H-3. H-1.and
H-6ax. and of a multiplet that included signals for H-4. H-3. and H-6¢q. This fust eilect
probably invelved H-4 because n.O.c. was also observed for the signal for H-1.which 1s
an indication that H-1. H-4. and NH. are on the same side of the molecule.

In an extension of this work. we decided to study whether formation of spiro
denvatives would be applicable to other ester dervatives of the evanchydring having
acidic protons z to the carbonyl group. for example, z-acetoxynitrides such as 4. Thus.
acetylation of cyanohydrin 2 with acetic anhydride-pyrndime gave acetate 4 (849,
treatment of which with DBU - acetonitrife did not afford the spirelactone 16, but gave
cyanohydrin 10. the epimer of 2. This result can be explamed by deacetslation of 4 (o
give 2. followed by epimerisation under the basic reaction conditons to the thermo-
dynamically more stable cvanohydrin 10, The lack of an aldol-type reaction of 4 may be
due to the lower basicity of the acetate methyl protons (pR 2Sicompared to that of the
mesylate methyl protons (p&, 23).

EXPERIMENTAL

General. —- Solvents were dried and purified by standard methods. T.Leo was
performed on Silica Gel 60 F., (Merck). Silica Gel 60 (230-400 mesh) (Merck)y was used
for flash-column chromatography. Melting points were obtained with a Reichert Jung
Kofler micro hot-stage apparatus and are uncorrected. Microanalvses were obiained
with a Heareus CHN-O-RAPID instrument. Optical rotations were deternuned with a
Perkin—Elmer 141 polarimeter. Lr. specira were obtained using a Shimadzu [R-4358
spectrometer. The 'H-and C-n.m.r. spectra (internal Me,Si) were obtained variously
with Varian EM-390 and X1.-300. and Bruker AM-200 and WP-80-SY <peciromeaters.
Proxmmities were established conventionally on the hasis of n.O.c. effects,

Svathesis of the cvanomesviates 3,80, 21,27 and 32 A mixture of'the ulose (1,
19. 25, or 30: | mmol). water {10 mL). ether (20 mL). sodium hvdvogencarbonate (2
mmol). and sodium cvanide {1 mmol) was stirred vigorously at roon temperature tor
3-15h. The organic phase was separated. the agueous phase wus washed with ether 0 «
50 mL}. the combined cthereal phases were dried (Na.50) ) and filtered. and the solvent
was evaporated. To a solution of the residue {cyanohydrin 2. 14, 26, 26, or 38 in dry
pyridine (¢ mLywas added mesyvlchlorde (3mmol). The misture wassturredat & 10 fov

-

12 davs, poured into ice and water. and extracted with chloreform 2~ 30 mb) The
combined extracts were washed with M HOT{S0 m Ly agqueous sodiam hvdrogencarbo-
nate (50 mL). and brine (30 mL), dried (Na.SO,y. and filtered. and the solvent was

evaporated. The restdue was purified by ftash-column chromatography or by ervstalli-

sation.
Svathests af 273 i-spiro-/4'~amino-1" 2-oxathiole-2 Y-dioxide ; dercanives 5012,
18,2223 28, and 33. - To asolution of the cyanomesviate {3, 1L 2. 27 0r 32, 1 mmol)
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in dry acetonitrile (10 mL) was added DBU (1 mmol). The mixture was stirred at room
temperature for 3-48 h, then filtered, and the solvent was evaporated. The residue was
purified by flash-column chromatography or by crystallisation.

5-O -(tert-butyldimethylsilyl)-3-C-cyano-1,2-O-isopropylidene-3-O-mesyl-o-pD-ri-
bofuranose (3).— Prepared from 1°, 3 (60%) had m.p. 94-95° (from hexane, [«], +39° (¢
0.5, chloroform); vX°' 1370, 1170 cm ' (S0O,). N.m.r. data (CDCl,): 'H, § 0.80 (s, 9 H,
‘Bu), 1.30, 1.47 (2's, 6 H, CMe,), 3.10 (s, 3 H, Ms), 3.88 (m, 2 H, H-5,5), 4.15 (m, 1 H,
H-4), 497 (d, | H, J,, 4 Hz, H-2), 5.83 (d, 1 H, H-1); "C, J 18.24 (CSi), 25.76
[(CH,),CSi], 40.44 (CH,S0,), 61.72 (C-5), 79.73 (C-3,4), 82.07 (C-2), 104.07 (C-1),
114.11 (CN).

Anal. Cale. for C,(H,,NO,SSi: C, 47.15; H, 7.17; N, 3.43. Found: C, 46.97; H,
7.20; N, 3.60.

3-O-Acetyl-5-O-(tert-butyldimethylsilyl)-3-C-cyano-1,2-O -isopropylidene-o-D-ri-
bofuranose (4). — To a solution of 2 (0.32 g, 1 mmol) in dry pyridine (8 mL) was added
slowly acetic anhydride (0.3 mL, 3 mmol). The mixture was stirred at room temperature
for 2 h, then poured into ice and water (50 mL). The solid was collected and crystallised
from hexane to give 4 (0.31 g, 84%), m.p. 95-96°, [«], +68° (c 0.5, chloroform); vy
1755 cm ™' (OAc). 'H-N.m.r. data (CDCl,): 6 0.90 (s, 9 H, 'Bu), 1.33, 1.50 (2’5, 6 H,
Me,C), 2.11 (s, 3 H, OAc), 4.03 (m, 2 H, H-5,5), 4.26 (m, 1 H, H-4), 5.26 (d, 1 H, H-2),
595(d, 1 H, J,,4.0 Hz, H-1).

Anal. Calc. for C;;H,NOSI: C, 54.96; H, 7.87; N, 3.77. Found: C, 54.82; H, 8.00;
N, 3.97.

[ 5-O-(tert-Butyldimethylsily)-1,2-O -isopropylidene -a-D-ribofuranose |-3-spiro-5'-
(4'-amino-1',2'-oxathiole-2',2'-dioxide ) (5). — Obtained from 3 (reaction for 5 h), with
crystalhisation from CHCl;-hexane (1:1), 5 (76%) had m.p. 197-198°, [a], +10° (c 0.5,
chloroform); vAB 3435 3200 (NH,), 1650 (C=C-N), 1340, 1160 cm ™' (SO,). N.m.r.
data (CDCL,): 'H, 6 0.87 (s, 9 H, 'Bu), 1.36, 1.61 (2's, 6 H, Me,C), 3.95 (m, 2 H, H-5,5),
4.34(m, 1 H,H-4),4.62(d, 1 H,J,,3.5Hz, H-2),4.74 (bs,2H,NH,), 5.57 (s, 1 H, H-3"),
5.89 (d, 1 H, H-1); C, ¢ 18.29 (CSi), 25.77 [(CH,),CSi], 59.69 (C-5), 79.16, 81.60
(C-4,3), 88.14 (C-3), 91.19 (C-2), 103.72 (C-1), 153.53 (C-4).

Anal. Calc. for C,(H,,NO,S8Si: C, 47.15; H, 7.17; N, 3.43. Found: C, 46.98; H,
7.04; N, 3.64.

(1,2-O-Isopropylidene-o-D-ribofuranose )-3-spiro-5'-( 4'-amino-1',2"-oxathiole-2' . 2'-
dioxide ) (6). — Compound 5 (0.4 g, 1 mmol) was stirred with methanolic 0.1m HCI (15
mL) at room temperature for 40 min. The solution was neutralised with 0.1M NaOH-
MeOH and the solvent was evaporated. Flash-column chromatography (ethyl acetate)
of the residue gave amorphous 6 (0.25 g, 86%), [a], +47° (¢ 0.5, methyl sulfoxide), vie
3430 (OH), 3400, 3200 (NH,). 1650 cm ' (C =C-N). N.m.r. data (CDCl,): 'H, 6 0.87 (s,
9H, 'Bu). 1.36,1.61 (2, 6 H, Me,C), 3.95 (m, 2 H, H-5,5), 4.34 (m, 1 H,H-4),4.62(d, 1
H.J,,3.5Hz, H-2),4.74 (bs,2 H,NH,), 5.57 (s, 1 H, H-3"),5.89 (d, 1 H, H-1); "C, 6 18.29
(CSi), 25.77 [(CH,),CSi}, 59.69 (C-5), 79.19, 81.60 (C-4,3), 88.14 (C-3), 91.19 (C-2),
103.72 (C-1), 153.53 (C-4).
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Anal. Calc. for C,;H,.NO.S: C., 40.95; H, 5.15: N. 4.77. Found: C.41.12: H. 5.31:
N, S ()0
C-[(E)-1-Amino-2-( methoxvsulfonv! jvinvl]-5-O-tert-burvldimethivisilyl ;- 1. 2-O-
isopr op}/zdene—wl)-/ ihofuranose (7). -~ Sodium (0.05 g. 2 mmol) was reacted with dry
methanol (10 mL), then 5 (0.8 g, 2 mmol) was added. The solution was stirred at room
temperature for 30 min. then neutralised with M HCI- MeOH. and the solvent was
evaporated. Flash-column chromatography (hexane-ethyl acet at\; H ol the residue
gave 7 (0.61 g. 70%). m.p. 67-68 [ [z, 5 (¢ 0.5.ch loroimm\ PRB3400, 3345 (NH.).
615(C=C-Nj}, 1340, 1156 cm ' (SO.). N.m.r. data (CDCL: iH, S 0.86 (s. 9 H. 'Bu
1.36,1.60(2s. 6 H, Me C). 3.70-4. 10 (m. I H. H-4.5.5). 3.75¢s. A H. \1\‘ 445((!‘ TH. /.
4Hz H-2), 472 (s, | HLH-20, 597 (d. | H.H-11.6.28 (bs. 2 H. NHL ) U C 0 18.23 (081,
2584 [(CH,),CSi], 54.75 (SO LCHy), 6122 (C-5) 7924 (C-30 (Hj. 8307, 8404
(C-2.4.27, 104.78 (C-1), 158,41 (C-31),
Ana[ Cale. for C,-H,,NO,SSt: C, 46.45; H. 7.56: N. 3 I¥. Found: C, 46.48; H,
7.63: N, 3.21.
11.2.5-Tri-O-acetyl-z-  and  -fi-pD-ribofuranose j-3-spiro-5'-i & ~acetamido- 17,2
oxathiole-2' 2"-dioxide ) (8 and 9). ~ To asolution of 6 (0.44 g, 1.5 mmol) in pyndine (12
mL.) was added slowly acetic anhydride (0.3 mL. 3 mmol). The mixture was stirred at
room temperature for 2 h, the solvent was evaporated. and the residue was stirred with
10 mL of trifluoroacetic acid - water (9:1) at room temperature for 3 h. The selvent was
evaporated. and the residue was stirred with acetic anhvdride (5 mL) and pynidine (13
mL) for 12 h at room temperature. The solvents were evaporated and Hfash-column
chromatography (ethyl acetate -hexane, 1:2) of the residue gave. tirst, 8 (0.2 g 329,
isolated as a syrup, [#], 25 (¢ 0.5, chloroform): +™ 3200 (NH,). 1755 (C = O cster),
1700 (C = O amide). 1640 cm (C=C-Nj. 'H-N.m.r. data (C [)(J SO 20, 20150220,
2.23(455,12H,30Acand NHAC). 4.35(m. 2 H. H-3.5). -176 f T HLH-4) 555 THL
Ji. 45 Hz, H-2), 6,53 (d. 1 H. H-15. 745 (50 T H, H-3)0 830 (hs, 1 H. NHy
Anal. Cale. for C H, NO,,S:(C,42.75; H 454 NUA32 Found: Co3261 H.4.57:
N. 3.23
Eluted second was 9 (0.13 g. 21%). isolated as a svrup. [#], +41 (¢ 0.5.
chloroform): v'™ 3200 (NH). 1750 (C =0 ester). 1700 (C=0 amide). 1640 eny |
(C=C-N). 'H-N.m.r. data (CDCL): 6 2.00. 2.10. 2.20. 2.26 ¢4 5. 12 H. 3 OAc and
NHAc), 4.26 (m, 2 H, H-5.5), 4.56 (m. | H. H-4), 5.55(d. | H./J, . 3.5 Hz H-2).6.20(d. 1
H. H-1), 7.40 (s, 1 H., H-3). .40 (bs. | H, NH). :
Anal. Cale. for €, .H,NO, §: C,42.75: H. 4.54: N. 332, Found: C.42.72: H. 4.20:
N. 3.10.
3-O-(tert-hutyldimethyisilvl)-3-C-cvano-1.2-O-isopropylidenc-3-O-piosyi-2-1-x -
lofuranose (11). - - Epimerisation of the cyanohydrin 2 (0.49 g, 1.5 mmol) on treatment
with DBU (0.2 mL. 1.§ mmol) in acctonitrile (15 mL) afforded the cvanohydrin 10.
which was converted into 11. Ch romdtogmphy (hexane gthy] acetate. Sthygave [lasa
syryp (71%6). [+, +7 (¢ (1.5, thorofolm) 1370, 8‘§ em o (SO Nonwr. data
(CDCL):'H,60.79(s,9 H. 'Bu). 1.21.1.46 (25,6 H. ML( (s,ﬂi.?\/’ls).‘18()(111_2
H,H-55).4.39(m, 1 H, H-4) .5.()2(d* 1H.J, 4 Hz, H-2) .més(w AHH-TC E 1809
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(C81), 25.62 [(CH,),CSi], 40.01 (CH,SO,), 58.78 (C-5), 81.14 (C-3), 82.28 (C-4), 83.71
(C-2), 104.73 (C-1), 112.40 (CN).

Anal. Cale. for C,;H,,NO,SSi: C, 47.15; H, 7.17; N, 3.43. Found: C, 47.36; H,
7.27; N, 3.45.

[5-O-(tert-Butyldimethylsilyl)-1,2-O -isopropylidene-a-D-xylofuranose | -3-spiro-
S'-(4'-amino-1',2"-oxathiole-2',2'-dioxide ) (12). — Obtained from 11 (reaction for 4 h),
with crystallisation from CHCl,-hexane, 12 (71%) had m.p. 199-200°, [2], +2° (¢ 0.5,
chloroform); v 3475, 3380 (NH,), 1640 (C=C-N), 1375, 1155 cm™' (SO,). N.m.r.
data (CDCly): 'H, 6 0.77 (s, 9 H, 'Bu), 1.24,1.49 (25, 6 H, Me,C), 3.80(d, 2 H, J, ; 7 Hz,
H-5,5),4.34(t,1 H,H-4),4.59(d, 1 H,J,,3.5Hz, H-2),4.67 (bs,2H,NH,), 5.41 (s, 1 H,
H-3),5.87(d, 1 H, H-1); “C, 6 18.02 (CSi), 25.66 [(CH,),CSi], 59.85 (C-5), 77.03, 81.39,
85.24 (C-2,4,3"), 85.24 (C-3), 104.87 (C-1), 151.90 (C-4).

Anal. Cale. for C,,H,,NO,SSi: C, 47.15;: H, 7.17; N, 3.43. Found: C, 47.30; H,
6.98; N, 3.50.

3-C-[ (E )-1-Amino-2-(methoxysulfonylvinyl ]-5-O-(tert-butyldimethylsilyl)-1,2-O-
isopropylidene-a-D-xylofuranose (13). — Sodium (0.05 g, 2 mmol) was reacted with dry
methanol (10 mL), then 12 (0.8 g, 2 mmol) was added. The solution was stirred at room
temperature for 30 min, then neutralised with M HCl-MeOH, and the solvent was
evaporated. Chromatography (hexane-ethyl acetate, 4:1) of the residue gave 13 (0.56 g,
64%), isolated as a syrup, [a], +77° (¢ 0.5, chloroform); v'' 3480, 3360 (NH,), 1615
(C=C-N), 1335, 1145 cm ' (SO,). N.m.r. data (CDCL,): 'H, 6 0.89 (s, 9 H, 'Bu), 1.33,
1.54 (25, 6 H, Me,C), 4.10(m, 3 H, H-4,5,5),4.34(d, | H, J,,3.5Hz, H-2),4.97 (s, 1 H,
H-2), 6.00 (d, 1 H, H-1), 6.13 (s, 1 H, HO-3), 6.33 (bs, 2 H, NH.,); "*C, 6 17.88 (CSi),
25.44 [(CH,),CS1], 54.80 (SO,CH,), 65.45 (C-5), 78.36, 82.68, 85.86 (C-2,4,2), 82.01
(C-3), 105.33 (C-1), 157.22 (C-3").

Anal. Cale. for C;H,;NO,SSi: C, 46.45; H, 7.56; N, 3.18. Found: C, 46.47; H,
7.65, N, 3.26.

3-C-Cyano-1,2:3,5-di-O-isopropylidene-a-D-xylofuranose (14). — A solution of
the cyanohydrin 10 (2.0 g, 6 mmol) in 0.1M HCI-MeOH (40 mL) was stirred at room
temperature for 20 min, then neutralised with M NaOH-MeOH. The solvent was
evaporated, the residue was suspended in dry acetone (40 mL), and 4 A molecular sieves
(3 g), p-toluenesulfonic acid (0.3 g, 6 mmol), and triethyl orthoformate (3 mL, 18 mmol)
were added. The mixture was stirred at room temperature for 18 h, then neutralised with
saturated aqueous NaHCO,, and filtered, and the solvent was evaporated. Chromato-
graphy (hexane—ethyl acetate, 4:1) of the residue gave 14 (0.68 g, 45%), m.p. 94-95°
(from hexane), [o], +53° (¢ 0.5, chloroform); v8 2210 cm ' (CN). 'H-N.m.r. data
(CDCL),61.37,1.42,1.54,1.66(4s, 12H, Me,C),4.19(m,3H, H-4,5,5),4.54(d, 1 H, J ,
4 Hz, H-2), 6.02 (d, 1 H, H-1).

Anal. Cale. for C,,H;NO;: C, 56.46, H, 6.71; N, 5.49. Found: C, 56.60; H, 6.53; N,
5.50.

5-O-(tert-butyldimethylsilyl)-1,2-O-isopropylidene -3-O-mesyl-3-C-methoxyimi-
nomethyl-a-D-ribofuranose (15). — Sodium (0.02 g, 1 mmol) was reacted with dry
methanol (6 mL), then 3(0.4 g, | mmol) was added. The resulting solution was stirred at
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room temperature {or | h. then neutralised with M HCI-M¢OH, and the solvent was
evaporated. Chromatography thexane -ethyl acetate, 4:1) of the residue gave 15(0.23 ¢
54%). isolated as a syrup. [}, -+ 50 (¢ 0.5, chloroform): v 3320 (NH. 1665 (C =N
1365, 1170 ¢m ' (SO,). Namur. data (CDCLy): H. 0080 (s.9 H.'Buy 13001302 % 6 HL

SO 35 3H M) 357 (m  2HL H-5.5). 3.7 (s, 3 HLOMeh 409 ¢ L HL 6 Hr.
H-4).5.09(d, | H. J,, 3.5 Hz, =23, 582 (d. T HUH-1L 832 ¢hso T HLNHy: "Coa U817
(C81), 2580 [(('H ) (‘ﬁi] 40 64 ((’i‘H«\S();‘). 33R2 (OCH,). 6181 (C-5) 8091, 8097
(C-2.4).90.04 (C-3). 105.68 (C-1). 16505 (C=NH).

Anal. Calc, fo; (_H;_NU\SSi: C. 46,44, H, 7.56: N 18 Found: €, 4621 HL
7.539: N, 31S

(1.2:3.6-Di-O-isopropylidence -z -D-allofuranose i -3 -spivo-3' =/ L ~aniipo- 1 2 -oxa-
thiole-2"2'-dioxide ) (18). - Prepared from 177 (reaction for 7 h), with e hmnmmqum
(hexane-ethyl acetate. 1:2). 18 (66%) had m.p. 197 (dec.) (from chloroform. {x], + I8
(¢ 0.5, methyl sulfoxide) 1™ 3420, 3330 (NH,), 1650 (C = C N1 1375, H6tem {SO.).
'H-N.m.r. data (CDClLj: ¢ 1.23. 1.33.1.36. .33 (45, 12 H. MeC), 390 (m, 2 HL H-6.63,
4.23(m.2H, H-4.5). 4,66(d, H. o35 HzZ H-20 563 (s L HUH-3 606 (d0 T HOH-1Y
6.43 (bs, 2 H. NH,)

Anal. Cale. for C, H, NO,S: . 46.27; H. 5.82: NU 3RS Found: Co 4598 HL s 7L
N. 3.95.

Methyl 2-O-benzoyil-4.6-O-benzylidenc-z-p-ribo-frexopyranosid-3-ulose (19).
Dichloromethane (15 mL) and dry pyridine (1.5 mL. 18.6 mmol) were added over CrQ),
(1.86 g, 18.6 mmol). the resulting mixture was stirred at room temperature for 10 min.
and then acetic anhydride (1.76 mL. 186 mmol} and a sclution of methyl 2-0-
benzovl-4.6-0-benzylidene-x-p-glucopyranoside”’ (1.2 g. 3.1 mmol in dichlorometh-
ane (7mL)were added. The mixture was stirred at room Icmprm ure for 3 min. poured
into ethyl acetate (100 mL). and filtered through a wet {ethyl acetate) short column of
sthica gel (30 g). us‘im,uhvl acctate as thecluent to give 1901 1R g 89 % as o white solid.
m.p. 209211 (it mop. 210 212088 1770 (C= 03, 1737 em (T = O benzovhy,

Methyl 2-O-benzov /-‘f.f)—(_)—b(’H-J /m’cm -3-C-cvano-3-O-mesyl-z-D-glucopyranoside
(21). — Prepared from the ulos¢ 19. with chromatography (ethyvl acetate bexane. 1:4),
21 (38%)had m.p. 165167 {{rom tth\’] acetate-hexane), i'x] L R2A e 1 chloroformy:

YABU1735(C=0), 1375, 1185 em ' (SO,). Numr. data: 'H[(CD, )(‘()i O 323 (s, Y H.
Ms,.3~46 ,5.3H,OMC) 4004, VH.J > J o x 10 Hz H-6avi 414 4.26 (m. 1 HL

e By

H-5),4.47(dd. 1 H. /., 4.81 Hz. H(nq 457 d ]H J 951 I/ H 4527 T HL

395 Hz H-2), 556 (d. 1 HLH-13. 5.88 (s, | L H/CPh), 7.37-8.20 (. 1O TL 2 Phy, VO
(CDCL). 0 40.07 (CH.SO,), 3617 (OCH, ). 61.07 (C-3), 68,42 (C-03 7265 (C-21 7’ A3

(C-3). 79.32(C-4). 9738 (C-11 10247 (HCPhy, TIVAT(ON A s = Jowe = 7 Ha
126.29. 128.39, 128.61. 129.53. 130.39. 133.96, bh,()“)((v,,f'{m. 163,02 {Ph(CO).

Anal Cale. for C.;H, NOLS CU50.43 HL 4730 N 2E6 S 6,55 Found: L5647
H, 4.57: N, 2.58: 8. 6.78.

‘ Methyv! 2-O-henzovl-4,6-O-henzplidenc-2-v-glucopyranoside i-3-spiro-5-0 4
amino-1".2-oxathiole-2°. 2 ~dioxide 1 (22) and mci/zr/ 2-O-henzovl-4 6-O-benzvirdene-x-

D-glucopyvranoside j-3-spiro-5'- 4 -benzamido-1' .2 -oxathiole-2 2 -dioxide » (23 Pre
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pared from 21 (reaction for 48 h), with chromatography (hexane-ethyl acetate, 3:1),
amorphous 23 (20%) had [], +28° (c 1, acetone); v&2 3250 (NH), 1735 (C =0 ester),
1700 (C = O amide), 1640 cm ~' (C = C-N). N.m.r. data [(CD,),CO}: 'H, 6 3.57 (s, 3 H,
OMe), 3.83 (t, 1 H, J,,. .. s 6, =9-3 Hz, H-6ax), 4.21-4.09 (m, I H, H-5),4.33(d, 1 H,
J,510.3Hz, H-4),4.33 (cfd, 1H, J,,, 4.9 Hz,H-6eq), 5.40 (d, 1 H, H-2),5.64(d, 1 H,J,,
4.5Hz,H-1),5.70(s, | H, HCPh), 7.15-7.86 (m, 15 H, 3Ph), 7.72(s,  H, H-3"), 10.47 (bs,
1 H, NH); ®C, 4 57.75 (OCH,), 62.22 (C-5), 69.44 (C-6), 72.09 (C-2), 80.40 (C-4), 91.45
(C-3), 98.10 (C-1), 102.09 (CHPh), 109.40 (C-3"), 141.39 (C= CNHBz), 165.36, 167.19
2C=0).

Anal. Calc. for C,,H,)NO,S: C, 60.70; H, 4.58; N, 2.36; S, 5.40. Found: C, 60.68;
H. 4.50; N, 2.43; §, 5.24,

Eluted second was amorphous 22 (12%), {«], +42° (¢ 1. acetone); v<& 3400, 3320
(NH,), 1730(C = Oester), 1650 cm ' (C= C-N). N.m.r. data [(CD,),CO): 'H, §3.57 (s, 3
H, OMe), 3.90 (m, 1 H, H-6ax), 4.25 (m, 2 H, H-4,5), 4.44 (m, 1 H, H-6eq), 5.35(d, 1 H,
Ji,4.6Hz, H-2),5.52(d, | H,H-1),5.75(s, 1 H, H-3'), 5.78 (s, 1 H, CHPh), 6.43 (bs, 2 H,
NH,), 7.32-8.06 (m, 10 H, 2 Ph); *C, 6 56.37 (OCH,), 61.59 (C-5), 69.42 (C-6), 72.68
(C-2), 80.70 (C-4), 90.40 (C-3), 93.84 (C-3"), 97.88 (C-1), 101.83 (HCPh), 152.74 (C-4),
165.74 (C =0).

Anal. Calc. for C,;H,,NQ,S: C, 56.43; H, 4.73; N, 2.86; S, 6.55. Found: C, 56.60;
H, 4.80; N, 2.90; S, 6.65.

Meihyl 4,6-O-benzylidene-2- and -3-O-(tert-butyldimethylsilyl)-a-D-glucopyrano-
side (24 and 29). — A mixture of methyl 4,6-0-benzylidene-a-D-glucopyranoside (Al-
drich, 3 g, 10.6 mmol), pyridine (20 mL), and zert-butyldimethylsilyl chloride (2.26 g, 15
mmol) was stirred at room temperature for 3 days, then concentrated. A solution of the
residue in chloroform was washed with cold M HC1 (50 mL), water (2 x 50 mL), and
finally with brine (50 mL), dried (Na,SO,), filtered, and concentrated. Flash-column
chromatography (hexane—ethyl acetate, 8:1) of the residue afforded, first, 24 (2.30 g,
58%), m.p. 82-83° (from ethyl acetate-hexane), [¢], + 50° (c 1, methanol). '"H-N.m.r.
data (CDCl,), 6 0.94 (s, 9 H, 'Bu), 3.44 (s, 3 H, OMe), 3.44-4.36 (m, 6 H, H-2,3,4,5,6,6),
4.65(d, 1 H, J,, 4 Hz, H-1), 5.54 (s, | H, HCPh), 7.29-7.62 (m, 5 H, Ph).

Anal. Cale. for C,,H,,0Si: C, 60.38; H, 8.13. Found: C, 60.39; H, 8.33.

Eluted second was 29, isolated as a syrup (1.02 g, 26%), [«], + 65° (¢ 1, methanol).
'"H-N.m.r. data (CDCl,), 6 0.90 (s, 9 H, '‘Bu), 3.45 (s, 3 H, OMe), 4.80 (s, 1 H, J, , 4 Hz,
H-1), 5.53 (s, 1 H, CHPh), 7.30-7.65 (m, 5 H, Ph).

Anal. Calc. for C,H,,0,Si: C, 60.58; H, 8.13. Found: C, 60.43; H, 8.40.

Methyl 4,6-O-benzylidene-2-O-(tert-butyldimethylsilyl)-a-D-ribo-hexopyranosid-
3-ulose (25). — Compound 24 (0.8 g, 2.02 mmol) was oxidised as described for the
synthesis of ulose 19, to give, after work-up, syrupy 25 (0.61 g, 77%); vim 1750 cm ™!
(C—0O); which was used in the next step without purification.

Methyl 4,6-O-benzylidene-2-O-(tert-butyldimethylsilyl)-3-C-cyano-3-O-mesyl-u-
D-allopyranoside (27). — Prepared from 25, with chromatography (ethyl acetate—
hexane, 1:6), 27 (42%) was isolated as a syrup, [a], +25° (¢ 1, chloroform); vkor 1375,
1185cm ™' (SO,). N.m.r. data (CDCl,): 'H, 6 0.90 (s, 9 H, 'Bu), 3.11 (s,3 H, Ms), 3.36 (s, 3
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H.Me). 3.66 (C. 1 H, /. ..~ ~10.2 Hz, H-6a.x), 3.77 (d. T HL/, 9.3 Hz, H-4), 399
(d.TH.J,42Hz. H-2). 4.10(m. T H, H-5).4.29(dd. THL L, ST H7 H-00g). 4.62(d. ]
H.H-1).5.55(s. 1T H. /ICPh). 7.26 . 7.47 (m. S H. Ph): "C. o 1R.10(CS1. 2323 [(CHL).CL
4012 (CH.SO.). 56.28 (OCH ). 38.02 (C-5), 68,54, 72.99(C-2.6), 79 37 ({41, 9971 (C-
D), 102,06 (HCPh), 11480 ¢ONy 126,22, 12825, 12929 13617 4C M.,

Anal. Cale for Co,H, WO SSEC 3288 H, 6.66: N 2.8k S, 042 Found: C. 53320
H.o 6910 NC3 100 S, 6.65.

[ Methvl 4.6-O-henzylidene-2-O-(tert-burvidinmethvisityl-a-v-allopyvranoside j-3-
spiro-5-i 4 -amino-1".2-oxathiole-2 2 -dioxide ; (28).  Prepared from 27 (reaction for
48 h) and chromatography (hexane acctone. 2:1) 28 (77%4) hm’ mLp. 24 dec 7],
487 ((-I methyl sulfoxide), vH¥ “4()() 3360 (NHL). 1660 (C = C N T30S, 1165 em
(SO-3. Nomur. data [(CD.) b()] O ORS (5.9 HL'Bul, 3,34 (s, ~I! OMe ﬂ(»‘J ll
J«L-..m.;: = J;_M * 9.8 Hz, H-600), 2 <)] {m, I H, H-5).3 % {d. 1 H J U3 Hz H-4 422
(d.1TH.H-2).4.29(dd. | H. /., 4 SHz H-6eq). 4.75(dHL T 42 Hr o H-1 34680
H.H-3), 5,57 (s. I H. HCPh. f 72(bs, 2 H.NH,). ?"‘ 7' 47 (m, SH.OPhy (017,56
(CSh). 25.20 [(CH,) (‘Si} 513 (OCH,). 58.60 (( 5) 6806 (C-2.6). 7490 (-4 8855
{C-3.37). 6932 (C-1). 100.3 (H(VPM. 12621 127 64 128600 P37 00 (O ), PER 34
(C-4".

Anal. Cale. for C.,H (NOSSICU52.88:H. 6.606; N 28OS, 60,42, Found: (L8254
H. 617, N.2.45. 8. 6.29.

Methyl  4.6-O-henzylidene-3-O-(tert-butvidimethvisii h-x-n-arabino-fiexepvra-
nosid-2-ulose (30). - Compound 29 (1.3 g, 3.28 mmol) was oxidised. as deseribed tor the
synthesis of ulose 19, to give syrupy 30(1.06 g 82%) ™ 1750 em ' {C = O): which was
used immediately i the next step without purification.

Medinl 4.6-O-benzviidene-3-O-(tert-hbutvidimeriivlsifvy-2-C-cvano-2-O-mes vi-z-
D-glucopyranoside {32). - Prepared from 30, with chromatography (hexane acetone.
8:1). 32 (86%) had m.p. 134 136 (from cther). {x], +13 (¢ L. ahlmo Formi); 1}‘“‘ 1375,
1180cm (SO,). Nomur.data {CDCLy: L0087 (s 9 HL ' Bu), 3236 3L May, 252 (s, 3
H.OMe) 3.72-385 (. 2 HL H-dbe ) 390G m T HL /o =/, 9.0/, 4z H-5h
4.24(d. T H. /. 9.4 Hz, H-3). 429 (dd. 1 HL /., 9.5 Hz H-Gegy 546, 355 (2 2 HL
H-1. HCPh). 7.34-7.47 {m. 5 H. Ph); "C. 0 18.06 (CSi) 2554 [(CH).CL 40013
(CH,S0,).56.41 (OCH,), 62.43(C-5). 68.36.(C-6), 7167 (-3, 80.27 (C-4). K141 (O,
98.97. 102.24 (C-1 and HCPhy, HA IS (ONL Jooy 0 Lo 7 Hew 126020 126010
125.15.129.21.136.64 (C.H.1.

Anal. Cale. for C.,H, NOSSI: C, 52.88: H. 6.66: N, 2.80: 5. 6.42. Found: CU52.76;
H.6.52: N, 3.10; S, 6.62.

[Methyl 4.6-O-benzylidene-3-O-(tert-butyldime thylsilvli-o-D-glucapvianoside -
2-spivo-3-( 4 -amino-1" 2 -oxgihiole-2 2 -dioxide ) (33). Prepared from 32 {reaction
for 3 hj. with chromatography (hexane ethylacctate, 1:1). 33(73% ) hud m.p. 182 184
(dec.). [, +46" (¢ 1 acctone): v5P 3450, 3360 (NH.). 1643(C=C N T3S TS0 em
(SO N.m.r.data [(CD).COE 'H. 5081 (. 9H. 'Bu 2.504s. 2 H. OMe), .97 4.10(m.
2H, H-5.6ax).420-4.33(m. 3 H. H-3.4.6¢0q), 4.89 (s. 1 H_H-] ) S0l (s | H F-3. 585
(s. 1 H, HCPh). 5.65 (bs, 2 F. NH.). 7.24 7.60 (m. 5 H. Ph): "C. 8 1887 {CSi. 26 34
[(CH ) CL. 56,43 (OCH ), 63.13(C-5), 68.67 (C-6). 72.94 (-3}, 80,66 (C- .N@).(y«l (C-2)
9187 (C-3), 101.93, 16298 (-1 and HCPh), 15538 (C-4').
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Anal. Calc. for C,,H;;NO,SSi: C, 52.88; H, 6.66; N, 2.80; S, 6.42. Found: C, 52.62;
H, 6.33; N, 2.83: S, 6.50.
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