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Abstract: The synthesis of [3.3.0] bicyclic tetrazoles derived from D-manno and D-rhamnofuranose
starting from D-mannose, and of L-rhamnofuranose starting from L-rhamnose is described. The key step
in the formation of all three examples of this novel class of sugar mimics is an intramolecular |1,3}-
dipolar cycloaddition of azide and nitrile moieties. © 1999 Elsevier Science Ltd. All rights reserved.

iniroduction

Polyhydroxylated pyrrolidines are potent inhibitors of enzymes that process furanosides; a property
which may atiributed to their close resemblance to the five membered heterocyclic substrates in the transition
state of the reactions that these enzymes catalyze.'* For example, 1', amongst others,” is a potent inhibitor of

nucleoside hydrolases, and 3" is potent inhibitor of nucleoside phosphorylase; enzymes that process 2 and 4,

respectively.
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The galactofuranose analogues 5 and 6 are the first known inhibitors of UDP-Gal mutase and
mycobacterial galactan biosynthesis.' The inhibitory activities of these compounds are highly specific and may

J
represent a novel therapeutic strategy for the treatment of mycobacterial infections such as tuberculosis and

membered pyranoside substrates than their piperidine, 6-membered equivalents.”® This potency has been
rationalized by the greater resemblance of the envelope conformation of 5-membered ring pyrrolidines to the
haif-chair conformation adopted by the giycan in the transition state of the mechanism of glycosidases.” For
example, despite its resemblance to D-mannopyranose, deoxymannojirimycin (DMJ) 9 is only a moderate
inhibitor of a-mannosidases which process pyranoside substrates such as 8;*° indeed, DMIJ is generally a
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more potent inhibitor o
D-mannofuranoses, such as D-(-)-swainsonine 10%° and 6-deoxy-DIM 11,'' typicaily show much more

powerful inhibitory activities.
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The inhibition of rhamnosidases shows a similar pattern of activity: whilst LRJ 12 shows liitle or no
inhibition of naringinase'’ (an o-L-rhamnosidase from Penicillium decumbens), although the epimeric
compound 13 is a potent rhamnosidase inhibitor,'* the furanose analogues L-(+)-swainsonine 14 and DRAM
15 completely inhibit enzyme activity at ~1mM concentrations and display submicromolar values of K;."*
Tetrazoles of pyranoses, such as D-mannotetrazole 16,"* an analogue of DMJ 9, are transition state
analogue inhibitors of glycosidases and other sugar-processing enzymes.”’ Given the often-greater inhibitory
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potency of pyrrolidine analogues towards these enzymes, it was therefore of interest to us to prepare

from D-mannose and of the L-rhamnotetrazole 19 from L-rhamnose; some aspects of this work have n

published in preliminary form."’
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Synthesis
The synthesis of furanotetrazoles 17, 18 and 19 followed a similar general strategy to that described

1eced1ng paper'® for the correspondmg pyranotetrazoles and accordingly required the formation of 4-
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to introduce an azide group at C-4 with over:
configuration. The cheap and readily availabie methyi pyranoside 20 was chosen as a starting material and was
protected to allow access to the hydroxyl group of C-4 only. Thus, treatment of 20 with zert-butyldiphenylsilyl
chloride in DMF and then dimethoxypropane in acidic acetone gave 21'° in 90% yield [Scheme 1]. Oxidation
of 21 to the corresponding ketone with pyridinium chlorochromate, followed by stereoselective reduction with
sodium borohydride inverted the configuration at C-4. Esterification of the inverted alcohol using

trifluoromethanesulphonic anhydride in the presence of excess pyridine and reaction of the resulting triflate



etrahedron 55 (1999) 4501-4520 4503

with sodium azide in DMF gave azide 22 in which the nitrogen function had been introduced with overail
retention of configuration, in 56% yield from 21. Global deprotection of 22 was achieved sequentially;
cleavage of the silyl ether using fluoride ion, and then hydrolysis of the O-2, O-3-ketal and O-1, O-5-acetal
protecting groups using aqueous trifluoroacetic acid at room temperature and at 100°C, respectively, gave 4-
azido-4-deoxy-D-mannose 23 in 80% yield [40% yield from 20].
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NaBH4/EtOH/H20; then Tf20/pyridine/CH2CI2/-20°C  then NaNa/DMF, 64% (i) BuaNF/THF then
CF3COOH:H,0(1:1)/dioxan/100°C, 80% (iv) Me>C(OMe),/TsOH/DMF/80°C then Bry/BaCOg/dioxarnvHp 0O, 43% (v)
NH3/MeOH then (CF3C0),0/pyridine/-30°C, 80% (vi) A/DMSO, 92% (vii) CF3COOH:H,0 (1:1), 75%
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buffered bromine water. Protected lactone 24 was opened with ammonia and afforded the corresponding
primary amide [37% yield from 23] which was dehydrated using trifluoroacetic anhydride to give stable nitrile
25 [94% yield]. When a solution of nitrile 25 in dimethylsulphoxide was heated at 110°C, efficient
intramolecular cycloaddition of azide and nitrile groups resulted in the formation of [3.3.0] bicyclic tetrazole
26 in 92% yield, although at a slower rate as compared with corresponding [4.3.0] bicyclic tetrazoles.'
Deprotection of 26 with aqueous acid afforded mannotetrazole 17 in 75% yield [10% overall yield from 20].
The synthesis of D-rhamnotetrazole 18 from D-mannose required the removal of the C-6 hydroxyl
functionality in addition to the introduction of azide at C-4 with retention of configuration [Scheme 2].
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the remaining free hydroxyl group in 27 gave a ketone, which upon treatment with triethylamine, readily
eliminated tosylic acid to give o,p-unsaturated ketone 28. Highly stereoselective reduction of 28 using
sodium borohydride in aqueous ethanol gave the unstable allylic alcohol 29 [62% yield from 20].
Hydrogenation of the exocyclic double bond in 29, under a range of conditions and in the presence of a
number of different catalysts, gave only complex reaction mixtures from which the saturated alcohol 31°'
could only be isolated in moderate yield; optimal conditions using pre-reduced palladium on carbon in
methanol gave 31 in only 62% yield. These problems were overcome by the protection of 29 as the
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efficiency [77% yieid from 29]. Trifiation of the free aicohol in 31 followed by treatment with sodium azide in
DMF gave azide 32 in 67% yield. This use of a triflate ester allowed this step to be achieved efficiently and is
in contrast to the lack of success or sclectivity reported for less powerful nucleofuges.”'* After 42h, a
solution of 32 in aqueous trifluoroacetic acid heated under reflux afforded 4-azido-4-deoxy-D-rhamnose 337
in 67% yield.
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Scheme 2: () TsCpyridine/-10°C then MezG(OMe)s/CSAMe;CO (i) PCC/mol. sieve/CHzCiz then EtgN/EIOH
(iii) NaBH,/EtOH/H,0, 62% from 20 (iv) MeaSiClpyridine/THF, 94% (v) Ha/Pd-black/EtOAC then BusNF/THF, 82%

(vi) H2/10%Pd-C/MeOH, 62%  (vii) Tf,O/pyridine/CH,Cl2/-20°C then NaNa/DMF, 67%  (vii) CF3COOH:H-O
(1:1)/dioxan/A, 67% (ix) Bro/BaCOg/dioxan /Hp0, 756% (x) c¢.H2S0y4/acetone, 76% (xi) Me2C(OMe),/TsOH/DMF/80°C
then Bro/BaCOsg/dioxan /Ho0, 52% (xii) NHy/MeOH then (CF3C0)20/py/-30°C, 86% (xiii) A/DMSO, 87% (xiv)
CF3COOH:H,0 (1:1), 85%

In contrast to the behaviour shown by 4-azido-4-deoxy-D-mannose 23, buffered bromine oxidation of
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using acidified acetone [76% yield]. Protected lactone 35 was also prepared, for the sake of comparison, via
the 2,3-acetonide of lactol 33 in similar overall yield [52% from 33]. When treated with methanolic ammonia
35 afforded the corresponding primary amide which, with trifluoroacetic anhydride in pyridine, yielded the
nitrile 36 [86% yield from 35]. Upon heating, the nitrile 36 underwent an intramolecular [1,3]-dipolar
cycloaddition to give protected tetrazole 37 [87% yield] which was hydrolysed using aqueous acid to the target
D-rhamnotetrazole 18 [85% yield, 8% overall yield from 20].

As Scheme 3 shows, L-rhamnotetrazole 19 was prepared from L-rhamnose 38. As for 17,18 it was
necessary to introduce an azide function at C-4 with overall retention of configuration; accordmgly rhamnose

etyl followed by treatment with
hydrochloride, prepared using acetyl

c
dimethoxypropane in acidic acetone gave 39** [89% yield]. Oxidation of 39 with pyridinium chiorochromate
in dichloromethane in the presence of molecular sieve gave a ketone which upon stereoselective reduction with
sodium borohydride afforded the inverted alcohol 40 [92% yield from 39]. An essentially identical sequence

of reactions [Scheme 3] was performed on 40 to produce the required L-tetrazole 19 as had been conducted
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on the enantiomer 31 to produce D-rhamnotetrazole 18; final deprotection of tetrazole 46 iismg aqueOus
tnifluoroacetic acid gave the [3 0] bicyclic L-rhamnotetrazole 19 [74% yield, 15% overall yield from 38].
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Scheme 3: (i) MeOH/HCI then Me,C(OMe),/CSA/Me,CO, 89% (i) PCC/sieve/CH2Cl, then NaBH4EtOH/H,0,
92% (i) TfoO/pyridine/CH2Clz/-20°C then NaNg/DMF, 69% (iv) CFsCOOH:H,O (1:1)/dioxan/a, 67% (v)
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The preceding paper'® reports the biological evaluation of compounds 17, 18, and 19 and compares
their ability to inhibit D-mannosidases and L-rhamnosidases with those of the corresponding pyranotetrazoles

and other nitrogen analogues of mannose and rhamnose.**

Melting points were recorded on a Kofler hot block and are uncorrected. Proton nuclear magnetic
resonance (8y) spectra were recorded, unless otherwise stated on a Varian Gemini 200 (200MHz), Bruker AC
200 (200MHz) or Bruker AM 500 (500MHz) spectrometer. Carbon-13 nuclear magnetic resonance (3c¢)
spectra were recorded, unless otherwise stated on a Varian Gemini 200 (50.3MHz), Bruker AC 200
(50.3MHz) or Bruker AM 500 (125MHz) spectrometer and multiplicities were assigned using DEPT
sequence. All chemical shifts are quoted on the 8-scale using residual solvent as an internal standard; for
samples carbon-13 nuclear magnetic resonance spectra run in D;0, 1,4-dioxan (8¢ 67.3ppm) or methanol (d¢
49.6ppm) were used. The following abbreviations were used to explain multiplicities: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad; p, pseudo. Infra-red spectra were recorded on a Perkin Elmer 1750
IR Fourier Transform or Perkin Elmer Paragon 1000 spectrophotometer. Mass spectra (m/z) were recorded on
a VG Micromass 20-250, ZABIF, VG Platform, or VG Autospec spectrometers using desorption chemical
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ionization (NH3, DCI), chemical ionization (NH3, CI), electrospray (ES) as stated. Opticai rotations were
measured on a Perkin-Elmer 241 polarimeter with a path length of 1 dm; concentrations are given i g/100ml.
Hydrogenations were executed at atmospheric pressure under an atmosphere of hydrogen gas maintained by

an inflated balloon. The removal of water, aqueous acetic acid or aqueous trifluoroacetic acid as solvents

aided by co-evaporation with toluene. Microanalyses were performed by the microanalysis service of th‘
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dried and purified before use according to standard procedures; hexane was distilled at 68°C before use to
remove involatile fractions. All solvents were removed in vacuo.

Methyl 6-O-tert-butyldiphenylsilyl-a-D-mannopyranoside: Tert-butylchlorodiphenylsilane (10.43 g, 37.9
mmol, 1.31 equiv.) was added dropwise to a stirred solution of methyl &-D-mannopyranoside 20 (6.70 g,
34.5 mmol) and recrystallized imidazole (5.17 g, 75.9 mmol, 2.2 equiv.) in DMF (100 ml) under nitrogen at
room temperature. After 4h, t.1.c. (methanol : ethyl acetate, 1:9) showed the loss of starting material (Rf 0.1)
and the formation of a major product (Ry 0.7). The reaction solvent was removed, the residue dissolved in
chloroform (100 mi), and washed with hydrochioric acid (0.1M, 100 mi) and water (100 miI). The aqueous
fractions were re-extracted with chioroform (30 mi x 2). The organic fractions were combined, dried
(magnesium sulphate), fiitered and the solvent removed. The residue was purified by flash chromatography
(ethyl acetate : hexane, 3:1) to give methyl 6-O-tert- butyldiphenylsilyl—OL—D-mannopyranoside (14.69 g, 98%)
as a colouriess oil; [ojp2! +29.0 (¢, 1.16 in CHCl3) {iit.,} [a]D27 +23 (c, 1.5 in CHCI3)}; 6y (CDCli3, 500
MHz) 1.09 (s, 9H, SiC(CHs3)3), 2.42, 2.81,3.06 (s br x 3, 1H x 3, OH x 3), 3.33 (s, 3H, OCH3), 3.63 (m,
1H, H-5), 3.82 (m, 2H, H-6, H-6"), 3.93 (m, 34, H-2, H-3, H-4), 4.69 (d, 1H, H-1, J, > 1.5Hz), 7.39-
7.47 (m, 6H, Ar), 7.69-7.72 (m, 4H, Ar). ¢ (CDCl3) 19.2 (s, SiC(CHj)3), 26.8 (q, SiC(CH3)3, 54.7 (g,
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OC n3), 64.9 (i, C-6), 69.4, 70.4, 71.7, 71.8 (d x 4, C-2, C-3, C-4, C-5), i00.7 (4, C-1), 127.8, 125.8,

P/II

5.6 (d x 3, Ar), 133.2 (s, Ar).

.—.a

Methyl  6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene- a-D-mannopyranoside  21: Methyl  6-O-tert-
butyldiphenylsilyl-o-D-mannopyranoside (14.57 g, 33.7 mmol) was dissolved in a solution of 2,2-
dimethoxypropane in acetone (1 : 9 v/v, 150 ml) and the resulting solution adjusted to pH 4 using
camphorsulphonic acid (CSA). The reaction solution was stirred under nitrogen at room temperature for 4h at
which point t.].c. (ethanol : chloroform, 1:19) showed the complete conversion of starting material (R¢ 0.2) to
a single product (Rf 0.8). The solution was neutralised using aqueous ammonia solution (d 0.880) and the
solvent removed. The residue was dissolved in chloroform (100 ml), washed with distilled water (100 ml x 2)
and the aqueous layers re-extracted with chloroform (40 mi x 2). The resultant organic fractions were
combined, dried (magnesium sulphate), filtered and the solvent removed. The residue was purified by flash
chromatography (ethyl acetate : hexane, 1:3) to give methyl 6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-
a-D-mannopyranoside 21 (14.57 g, 92%) as a colourless oil, [a]p2? +2.2 (¢, 1.14 in CHCI3) {lit.,”* [at]p2®
+2 (¢, 1.8 in CHCI3)}. &y (CDCl3, 500 MHz) 1.08 (s, 9H, SiC(CH3)3), 1.36, 1.51 (s x 2, 3H x 2,
C(CH3)y), 2.78 (d, tH, OH, J40on 3.8Hz), 3.35 (s, 3H, OCHj3), 3.64 (ddd, 1H, H-5, J45 9.4Hz, Js5¢
4.7Hz, Js s 4.9Hz), 3.81 (ddd, 1H, H-4, J3 4 6.6Hz, J4 5 9.3Hz, Jy0on 3.8Hz), 391 (dd, 1H, H-6', Js ¢
5.0Hz, Jo ¢ 10.8Hz), 3.94 (dd, 1H, H-6, Jss 4.9Hz, Je ¢ 10.8Hz), 4.14 (m, 2H, H-2, H-3), 4.89 (s, 1H,
H-1), 7.42 (m, 6H, Ar), 7.72 (m, 4H, Ar). 8¢ (CDCl3) 19.2 (s, SiC(CH3)3), 26.1, 27.9 (q x 2, C(CH3)»),
26.8 (q, SiC(CHj3)s, 54.9 (q, OCH3), 64.6 (t, C-6), 69.4, 70.6, 75.3, 78.2 (d x 4, C-2, C-3, C-4, C-5),
98.2 (d, C-1), 109.5 (s, C(CHa), 127.8, 129.8, 135.6, 135.7 (d x 4, Ar), 132.9 (s, Ar).

Methyl 6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-o-D-talopyranoside: Methyl 6-O-tert-
butyldiphenylsilyl-2,3-O-isopropylidene-o-D-mannopyranoside 21 (14.32 g, 30.3 mmol), powdered dried
molecular sieve (17.29 g) and pyridinium chlorochromate (20.0 g, 92.9 mmol, 3.06 equiv.) were stirred in
dry dichloromethane (100 ml) under nitrogen at room temperature for 3h. At this point t.l.c. (ether : hexane,
1:2) showed complete conversion of starting material (Rf 0.3) to a single product (Rf 0.5). The reaction
mixture was triturated with ether (100 ml), and filtered through a silica plug topped with celite (ether eluant).
The solvent was removed and the residue dissolved in ethanol : water (100 ml, 9:1) and cooled to 0°C.
Sodium borohydride (2.07 g) was added and the solution allowed to warm slowly to room temperature. After
2h t.l.c. (ethyl acetate : hexane, 1:3) showed the formation of a single product (Rf 0.4) and the complete
consumption of starting material (Rf 0.5). The reaction was quenched by addition of an excess of ammonium
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chloride with stirring until effervescence ceased. The solvent was removed and the residue dissolved in
chloroform (100 ml), and washed with distilled water (2 x 100 ml). The organic fraction was dried
(magnesium sulphate), filtered and the solvent removed. The residue was purified by flash chromatography
(ethyl acetate : hexane, 1:3) to yield methyl 6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-o-D-
talopyranoside (12.46 g, 87%) as a clear, colourless oil. [a]lp?? +24.2 (c, 1.44 in CHCl3). Vpax (CHCl3)
3500cm-! (O-H, br). m/z (NH3z, DCD): 490 (M + NHy*, 40), 457 (10), 216 (70%). &,y (CDCI3, 500 MHz)
1.07 (s, 9H, SiC(CHjz)3), 1.40, 1.59 (s x 2, 3H x 2, C(CHz3),), 2.27 (d, 1H, OH, J4on 6.2Hz), 3.40 (s,
3H, OCH3), 3.81 (pt, IH, H-5, J5 6.3Hz, J5¢ 6.3Hz), 3.86 (pt, 1H, H-4, J 5.6Hz), 3.89 (dd, 1H, H-6',
Jse 6.3Hz, Jog 10.3Hz), 3.93 (dd, 1H, H-6, Js¢ 6.3Hz, Js¢ 10.3Hz), 4.07 (d, 1H, H-2, Jp3 6.4Hz),
423 (dd, 1H, H-3, J, 3 6.3Hz, J3 4 5.1Hz), 498 (s, 1H, H-1), 7.41 (m, 6H, Ar), 7.70 (m, 4H, Ar). &c
(CDCl3) 19.2 (s, SiC(CH3)3), 25.2, 25.8 (q x 2, C(CH3)7), 26.8 (q, SiC(CH3)3, 55.1 (g, OCHjy), 63.2 (t,
C-6), 69.4, 70.6, 75.3, 78.2 (d x 4, C-2, C-3, C-4, C-5), 98.2 (d, C-1), 109.5 (s, C(CHj3),), 127.8, 129.8,
135.6, 135.7 (d x 4, Ar), 132.9 (s, Ar).

Methyl 4-azido-4-deoxy-6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-o-D-mannopyranoside 22: Methyl
6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-o-D-talopyranoside (3.98 g, 8.43 mmol) was dissolved in
dry dichloromethane (80 ml) under nitrogen. Pyridine (0.95 ml, 1.4 equiv.) was added and the stirred at -
35°C. Trifluoromethanesulphonic anhydride (1.64 ml, 1.16 equiv.) was added dropwise with stirring and the
mixture allowed to warm to -10°C After 2h t.1.c. (cthyl acetate : hexane, 1:3) showed only partial conversion
of starting material (Rf 0.4) to a major product (R¢ 0.5). Therefore the solution was again cooled to -35°C,
pyridine (0.47 ml, 0.7 equiv.) and trifluoromethanesulphonic anhydride (0.82 ml, 0.58 equiv.) added, and the
solution warmed to -5°C. After 4h t.l.c. showed almost complete conversion of starting material to product.
Methanol (1 ml) was added to quench the reaction and the resulting solution warmed to room temperature. The
solution was washed with water (100 ml), pH 7 buffer solution (100 ml) and the aqueous layers re-extracted
with chloroform (30 ml x 2). The organic fractions were combined, dried (magnesium sulphate), filtered and
the solvent removed. The residue was dissolved in DMF (35 ml) under nitrogen and sodium azide (650 mg)
added to the solution. The resulting mixture was sonicated for 20 minutes and then stirred vigorously for 4h,
at which point t.1.c. (ethyl acetate : hexane, 1:3) showed the consumption of starting material (R¢ 0.5) and the
formation of a major product (R¢ 0.6). The reaction solvent was removed, the residue dissolved in chloroform
(100 ml), washed with distilled water (100 ml x 2) and the aqueous layers re-extracted with chloroform (50 ml
x 2). The organic fractions were combined, dried (magnesium sulphate), filtered and the solvent removed. The
residue was purified by repeated flash chromatography (ether : hexane, 1:9) to give methyl 4-azido-4-deoxy-6-
O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-o-D-mannopyranoside 22 (2.68 g, 64%) as a colourless oil.
(Found: C, 62.78; H, 7.37; N, 8.28%; C,sH35N305Si requires C, 62.75; H, 7.09; N, 8.44%). [a]p26 -7.4
(¢, 0.87 in CHCI3). Vipax (KBr) 2120cmr! (N3). m/z (NH3, DCI): 515 (M + NHg*, 8), 466 (20), 412 (15),
115 (25%).6y (CDCl3, 500 MHz) 1.10 (s, 9H, SiC(CH3)3), 1.41, 1.57 (s x 2, 3H x 2, C(CHj3),), 3.36 (s,
3H, OCH3), 3.49 (dt, 1H, H-5, J45 10.6Hz, Js¢ 3.0Hz, Js¢ 3.0Hz), 3.76 (dd, 1H, H4, J3 4 8.2Hz, J45
10.6Hz), 3.90 (d, 1H, H-6, H-6', Js¢ 3.1Hz, Js¢ 3.1Hz), 4.12 (d, 1H, H-2, J,3 5.5Hz), 4.23 (dd, 1H,
H-3, Jp3 5.4Hz, J34 8.2Hz), 5.00 (s, 1H, H-1), 7.39-7.47 (m, 6H, Ar), 7.74-7.78 (m, 4H, Ar). &c
(CDCl3) 19.2 (s, SiC(CH3)a), 26.2, 28.1 (q x 2, C(CH3)j), 26.7 (q, SiC(CH3)3, 54.8 (g, OCH3), 60.6,
68.9, 74.9, 77.0 (d x 4, C-2, C-3, C-4, C-5), 63.2 (i, C-6), 98.2 (d, C-1), 110.i (s, C(CHz)a), 127.8,
127.9, 129.9, 135.6, 136.1 (d x 5, Ar), 133.3, 133.6 (s x 2, Ar).

Methyl 4-azido-4-deoxy-2,3-O-isopropylidene-o-D-mannopyranoside: A solution of tetra-n-butylammonium
fluoride (1.1M in THF, 6.75 ml, 1.81 equiv.) was added to a solution of methyl 4-azido-4-deoxy-6-O-tert-
butyldiphenylsilyl-2,3-O-isopropylidene-o.-D-mannopyranoside 22 (2.04 g, 4.1 mmol) in dry THF (23 ml)
under nitrogen at room temperature. The resulting solution was stirred for 5h at which point t.1.c. (ethyl acetate
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: hexane, 1:3) showed the complete consumption of starting material (Rf 0.55) and the formation of a major
product (R 0.15). The reaction solvent was removed, the residue dissolved in chloroform (40 ml) and washed
with distilled water (40 ml x 2). Each aqueous fraction was re-extracted with chloroform (40 ml x 2) and the
organic fractions combined, dried (magnesium sulphate), filtered and the solvent removed. The residue was
the purified by flash chromatography (ether : hexane, 3:1) to give methyl 4-azido-4-deoxy-2,3-O-
isopropylidene-o-D-mannopyranoside (952 mg, 90%) as a white solid, m.p. 62-64°C (hexane). (Found: C,
46.53; H, 6.61; N, 16.30%; CloHl7N3O5 requireq C, 46.33; H, 6.56; N, 16.21%). {0]p?2 +54.3 (¢, 1.12 in
CHCI3). Vmax (KBr) 3350cm-i (br, OH), 2116cm-! (N3). m/z (EI): 244 (M* - Me, 30), 228(M* - OMe, 8), 43
(80%). 6y (CDCl3, 500 MHz) 1.37, 1.56 (s x 2, 3H x 2, C(CH3),), 2.07 (dd, iH, OH, Jeou 7.8Hz, Js on
5.4Hz), 3.38 (s, 3H, OCH3), 3.47 (ddd, iH, H-5, J4 5 10.7Hz, Js 6 4.3Hz, J5 ¢ 2.7Hz), "s 57 (dd, iH, H-
4, J34 8.0Hz, J45 10.6Hz), 3.76 (ddd, |H, H-6, J¢.on 7.8Hz, Js6 4.3Hz, Js ¢ 12.1Hz), 3.85 (ddd, IH, H-
6, Jo¢ 0-u 5.2Hz, Js ¢ 2.6Hz, Js ¢ 12.1Hz), 4.10 (d, 1H, H-2, J53 5.4Hz), 4.23 (dd, IH J
J34 8.1Hz), 4.96 (s, 1H, H-1). 8¢ (CDCl3) 26.2, 28.1 (q x 2, C{CH3)y), 55.1 (q, OCH3), 6
74.8, 76.8 (d x 4, C-2, C-3, C-4, C-5), 62.0 (1, C-6), 98.2 (d, C-1), 110.1 (s, C(CH3).

Methyl 4-azido-4-deoxy-o-D-mannopyranoside: Aqueous trifluoroacetic acid (1:1, 3 ml) was added to a
solution of methyl 4-azido-4-deoxy-2,3-O-isopropylidene-c-D-mannopyranoside (65 mg, 0.25 mmol) in 1,4-
dioxan (5 drops) at room temperature. After 2h, t.1.c. showed complete conversion of starting material (R¢ 0.5
in ether : hexane, 3:1) to a major product (R¢ 0.0 in ether : hexane, 3:1; R¢ 0.6 in methanol ; ethyl acetate, 1:9).
The solvent was removed, the residue co-evaporated with toluene (2 ml x 3) and purified by flash
chromatography (ethyl acetate) to give methyl 4-azido-4-deoxy-a-D-mannopyranoside (51.4 mg, 93%) as a
colourless, highly crystalline solid, m.p. [50-152°C (ethyl acetate). (Found: C, 38.53;: H, 6.11; N, 18.92%;
C7H,3N305 requires C, 38.36; H, 5.98; N, 19.17%). [a]p?? +159.2 (c, 0.86 in (CH3);CO). Viax (KBr)
3370cm-! (O-H, br), 2119cm! (N3). m/z (NH3, DCI): 237 (M + NHg*, 100), 220 (M + H+*, 5), 205 (M +
NH4* - MeOH, 6), 194 (45), 192 (M + H* - N3, 58%). 6y ((CD3),CO/D;0, 500 MHz) 3.30 (s, 3H, OCH3),
3.33 (dq, 1H, J 10.0Hz, J 2.2Hz), 3.68 (dd, 1H, J 4.4Hz, J 12.1Hz), 3.73 (m, 4H), 4.66 (d, 1H, H-1,
Ji2 1.1Hz). 8¢ ((CD3),CO, 125MHz) 54.9 (q, OCH3), 60.6, 71.0, 71.6, 72.1 (d x 4, C-2, C-3, C-4, C-5),
62.5 (t, C-6), 102.1 (d, C-1).

4-Azido-4-deoxy- o, 3-D-mannopyranose 23: Method 1:  Methyl  4-azido-4-deoxy-o-D-mannopyranoside
(45 mg, 0.22 mmol) was partially dissolved in 1,4-dioxan (4 drops). To this mixture aqueous trifluoroacetic
acid was added (3 ml, 1:1 by volume) and the resulting solution warmed to 100°C. After 49h, t.l.c. (methanol
: ethyl acetate, 1:9) showed conversion of the starting material (R¢ 0.6) to a mixture of products (R¢ 0.4). The
reaction mixture was cooled and the solvent removed. The residue was co-evaporated with toluene (5 ml x 3)
and purificd by flash chromatography (methanol : ethyl acetate, 3:97) to yield 4-azido-4-deoxy-o.,B-D-
mannopyranose 23 (33 mg, 79%) as a white foam.

Method 2: Methyl 4-azido-4-deoxy-2,3-O-isopropylidene-a-D-mannopyranoside (950 mg, 3.67 mmol)
was dissolved in 1,4-dioxan (40 drops). To this solution aqueous trifluoroacetic acid (44 mi, 1:1 by volume)
was slowly added and the resulting solution warmed to 100°C. After 48h, t.1.c. showed conversion of starting
material (R 0.5 in ether : hexane, 3:1) to a mixture of products (R¢ 0.0 in ether : hexane, 3:1; Ry 0.4 in
methanol : ethyl acetate, 1:9). The reaction mixture was cooled and the solvent removed. The residue was co-
cvaporated with toluene (30 ml x 3) and purified by flash chromatography (methanol : ethyl acetate, 3:97) to
yield 4-azido-4-deoxy-a,B-D-mannopyranose 23 (666 mg, 89%) as a white foam. [a]p25 + 23.5 (5 min), +
25.0 (eqlbm.) (¢, 0.69 in HyO). Vyax (KBr) 3370cm-! (O-H, br), 2119cm-! (N3). m/z (NH3, DCI): 223 (M +
NHy4*, 100), 205 (M + NH4* - H,0, 48), 162 (23%). &y (CD3CN/D,O, 500 MHz, 3:1 mixture of anomers, *
indicates minor anomer) 3.11 (ddd, 0.25H, H-S*, J 2.3Hz, J4.4Hz, J 10.1Hz), 3.51-3.67 (m, 3.75H),
3.69-3.74 (m, 0.25H), 3.72 (dd, 0.75H, H-2, J;, 1.8Hz, Jo3 3.4Hz), 3.78 (dd, 0.25H, H-2%, Jj« 5«
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1.1Hz, J2x 3+ 3.2Hz), 3.81 (dd, 0.75H, H-3, J,3 3.3Hz, J34 9.2Hz), 4.68 (d, 0.25H, H-1%, Ji+ 2+ 1.1Hz),
5.07 (d, 0.75H, H-1, J; ; 1.1Hz). 8¢ (CDsCN, 125MHz) 58.9, 59.5, 70.0, 70.5, 70.7, 71.3, 72.8, 74.4 (d
x 8 C-2,C-3,C-4,C-5),61.2,61.5 (tx 2,C-6),93.7,94.0 (d x 2, C-1).

4-Azido-4-deoxy-2,3-O-isopropylidene-o, -D-mannose: 4-Azido-4-deoxy-o,B-D-mannopyranose 23 (475
mg, 2.32 mmol) was dissolved in DMF (20 ml) under nitrogen and the solution was heated to 80°C. A
solution of toluenesulphonic acid (36 mg) in 2,2-dimethoxypropane (0.95 ml) was added and the resulting
solution stirred for 3h at which point t.l.c. (methanol : ethyl acetate, 1:9) showed the formation of a major
product (R¢ 0.7). The solution was cooled, neutralised by stirring with excess sodium hydrogencarbonate,
filtered and the solvent removed. The residue was purified by flash chromatography (ethyl acetate : hexane,
1:1) to give 4-azido-4-deoxy-2,3-O-isopropylidene-o-D-mannose (318 mg, 56%) as a colourless oil which
was pure enough for further reactions. For analytical purposes a small sample was purified by further flash
chromatography (ethyl acetate : hexane, 1:1) and recrystallization (ethyl acetate/hexane) to give a white solid;
m.p. 102-106°C (ethyl acetate / hexane). (Found C, 43.95; H, 5.97; N, 17.43%; CoH;sN3Os requires C,
44.08; H, 6.17; N, 17.13%). [alp26 +17.1 (5 min), +10.4 (eqlbm.) (¢, 1.17 in CHCI3). Vipax (KBr) 3380cm-
I'(OH), 2114ecm-! (N3). m/z (NH3, DCI): 263 (M + NHy4*, 100), 246 M + Ht, 11), 228 (M + H* - H,0,
23), 158 (35%). 0y (CDCl3, 500MHz, 4:1 mixture of anomers, * indicates minor anomer) 1.39, 1.57 (s x 2,
2.4H x 2, C(CHs),), 1.42, 1.60 (s x 2, 0.6H x 2, C(CH3),*), 2.78 (br s, 0.8H, OH™), 3.28 (ddd, 0.2H, H-
5%, J2.6Hz, J 4.5Hz, J 10.2Hz), 3.50 (dd, 0.8H, H-4, J34 8.2Hz, Js 5 10.4Hz), 3.68-3.78 (m, 2.4H),
3.86-3.88 (m, 1H), 4.00 (br s, 0.8H, OH-1%), 4.15 (d, 0.8H, H-2, J, 3 5.4Hz), 4.25-4.27 (m, 0.4H, H-2%,
H-3%), 4.30 (dd, 0.8H, H-3, J23 5.4Hz, J34 8.1Hz), 5.06 (d, 0.2H, H-17, Jj+ 2+ 7.2Hz), 5.49 (s, 0.8H,

-1). 8¢ (CDCly, 125MHz) 26.1, 26.2, 27.8, 28.1 (q x 4, C(CH3);) 60.0, 60.8, 68.5, 74.1, 75.2, 76.6,
78.1 dx 7, C-2, C-3, C-4, C-5), 61.9, 62.2 (tx 2, C-6), 91.8, 92.6 (d x 2, C-1) 110.2, 111.1 (s x 2,
C(CH3)2).

4-Azido-4-deoxy-2,3-0-isopropylidene-D-mannono-1,5-lactone 24: 4-Azido-4-deoxy-2,3-O-isopropylidene-
o,B-D-mannose (270 mg, 1.10 mmol) was dissolved in aqueous 1,4-dioxan (18 ml, 1:3 dioxan : water) and
barium carbonate (650 mg, 3.0 equiv.) added. Bromine (0.2 ml, 3.53 equiv.) was then slowly added to the
mixture with vigorous stirring. After 3h t.l.c. (ethyl acetate : hexane, 3:1) showed complete conversion of
starting material (Ry 0.4) to a single product (R¢ 0.55). The reaction mixture was filtered and air passed
through the resulting filtrate until decolourized and the solvent removed. The residue was extracted with
boiling ethyl acetate. The extracts were combined, filtered and the solvent removed to give 4-azido-4-deoxy-
2,3-O-isopropylidene-D-mannono-1,5-lactone 24 as a colourless oil (206 mg, 77%) which was pure enough
for further reactions. For analytical purposes a small sample was purified by repeated flash chromatography
(ethyl acetate : hexane, 3:2) to give a colourless oil. (Found: C, 44.45; H, 5.33; N, 17.22%; CgH{3N305
requires C, 44.45; H, 5.39; N, 17.28%). [a]p?0 +129.0 (c, 0.67 in CHCl3). Viax (film) 3450cm! (O-H,
br), 2115cm! (N3), 1758cm! (C=0). m/z (NH3z, DCI): 261 (M + NHy4*, 100), 244 (M + H+*, 12), 218
(33%). dy (CDCl3, 500MHz) 1.45, 1.55 (s x 2, 3H x 2, C(CH3)), 3.88 (dd, 1H, H-4, J3 4 7.5Hz, Jy 5
10.5Hz), 3.89 (dd, 1H, H-6', J5 ¢ 3.0Hz, J¢ ¢ 12.9Hz), 4.03 (dd, 1H, H-6, J5¢ 2.2Hz, Js ¢ 13.0Hz), 4.10
(ddd, 1H, H-5, J4 5 10.5Hz, J56 2.5Hz, J5 ¢ 2.8Hz), 4.57 (dd, 1H, H-3, J, 3 8.2Hz, J3 4 8.2Hz), 4.74 (d,
1H, H-2, J2 3 8.2Hz). 8¢ (CDCl3) 25.0, 26.6 (q x 2, C(CH3),), 60.1, 71.9, 77.2, 77.3 (d x 4, C-2, C-3, C-
4, C-5), 60.4 (1, C-6), 112.8 (s, C(CH3), 169.3 (s, C-1).

4-Azido-4-deoxy-2,3-0-isopropylidene-D-mannonoamide: A solution of 4-azido-4-deoxy-2,3-0-
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isopropylidene-D-mannono-1,5-lactone 24 (206 mg) in methanol (1 ml, anhydrous) was added to a freshly
nrengrgd saturated solution of ammonia in methanol (5 ml, anhvdrgus\ and stirred under nitrogen at room

temperature. After 1h, tl.c. (ethyl acetate) showed complete conversion of starting material (Ry 0.65) to a
single product (R¢ 0.1). The solvent was removed and the residue crystallized from cthyl acetate to vield 4-

bt | = P
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azido-4-deoxy-2,3-O-isopropylidene-D-mannonoamide (187 mg, 85%) as a white solid, m.p. 150-152°C
(ethyl acetate). (Found: C, 41.61; H, 6.25; N, 21.53%; CoHsN4Os requires C, 41.54; H, 6.20; N,
21.53%). [a]p26 -42.1 (¢, 0.56 in MeOH). Vi (film) 3350cm-! (O-H, br), 2114cm! (N3), 1675cm!
(C=0, amide ), 1589cm-! (C=0, amide II). m/z (NH3, DCI): 278 (M + NHy4*, 5), 261 (M + H*, 100), 233
(M + H* - Na, 26), 173 (53%). dy (CD30D, 500MHz) 1.34, 1.59 (s x 2, 3H x 2, C(CHz)»), 3.57 (dd, 1H,
H-4, J34 2.3Hz, J4 5 8.9Hz), 3.62 (m, 1H, H-6), 3.74-3.79 (m, ZH, H-5, H-6), 4.63 (d, 1H, H-2, Jy3
8.3Hz), 4.87 (dd, 1H, H-3, J,3 8.3Hz, J34 2.3Hz). Oc (CD30D) 24.4, 26.4 (q x 2, C(CH3),), 61.7,
72.4,76.8, 78.0 (d x 4, C-2, C-3, C-4, C-5), 64.7 (t, C-6), 111.1 (s, C(CH3), 175.4 (s, C-1).
4-Azido-4-deoxy-2,3-O-isopropylidene-D-mannononitrile 25: Trifluoroacetic anhydride (0.35 ml) was added
to a solution of 4-azido-4-deoxy-2,3-O-isopropylidene-D-mannonoamide (125 mg, 0.48 mmol) in dry
pyridine (10 ml) under nitrogen at -30°C. After 2h t.l.c. (ethyl acetate) showed the consumption of starting
material (Rf 0.1) and the formation of a major product (Rf 0.7). Excess anhydride was quenched by the
addition of methanol (0.5 ml) and the reaction solvent removed. The residue was purified by flash
chromatography (ethyl acetate : hexane, 3:2) to give 4-azido-4-deoxy-2,3-O-isopropylidene-D-mannononitrile
25 (109 mg, 94%) as a yellow oil. [®t|p?5 +39.1 (¢, 0.82 in CHCIl3). Vyax (film) 3450cm! (s br, OH),
2218cm-! (w, CN), 2117cm ! (N3). m/z (NHs, DCI): 260 (M + NHy*, 24), 243 M + H*, 100), 215 M +
H* - N3, 17%). éy (CDCls, 500 MHz) 1.44, 1.62 (s x 2, 3H x 2, C(CHz3)), 3.48 (p dt, 1H, H-5, Ja5
9.5Hz, J 3.8Hz), 3.83 (dd, IH, H-6, Jss 4.3Hz, Je¢ 11.2Hz), 3.87 (dd, 1H, H-6', Js¢ 3.3Hz, Js¢
11.1Hz), 3.93 (pt, 1H, H-4, J 9.3Hz), 4.27 (dd, 1H, H-3, J,3 5.1Hz, J34 9.0Hz), 5.01 (d, 1H, H-2, J;3
5.1Hz). 8¢ (CDCl3) 25.8, 26.8(q x 2, C(CH3),), 62.6, 67.4, 71.3, 79.5 (d x 4, C-2, C-3, C-4, C-5), 63.0
(t, C-6), 111.7 (s, C(CHs3),), 117.8 (s, C-1).

(5R,68,7R)-5,6,7-Trihydro-5-(1R-1,2-dihydroxyethyl)-6,7-O-isopropylidenepyrrolo[ 1,2-d Jtetrazole-6,7-diol
26: 4-Azido-4-deoxy-2,3-O-isopropylidene-D-mannononitrile 25 (109 mg, 0.45mmol) was dissolved in
anhydrous DMSO (0.55 ml) and heated to 110°C. The reaction was followed by t.l.c. (ethyl acetate) and after
160h showed the complete conversion of starting material (R¢ 0.7) to a single product (Ry 0.25). The reaction
solution was cooled and the solvent removed. The residue was purified by flash chromatography (ethyl
acetate) to give (5R,68,7R)-5,6,7-trihydro-5-(1R-1,2-dihydroxyethyl)-6,7-0O-isopropylidene-pyrrolo[1,2-
d]tetrazole-6,7-diol 26 (100 mg, 92%) as a white solid, m.p. 153-155°C (ethyl acetate). (Found: C, 44.47; H,
5.62; N, 23.18%; CoH4N4O4 requires C, 44.63; H, 5.83; N, 23.13%). [a]p?2 -2.3 (¢, 1.42 in CH30H).
Vmax (KBr) 3400cm! (OH). m/z (NH3, DCI): 260 (M + NHy*, 4), 243 (M + H*, 100%). 8y (CD;0D, 500
MHz) 1.26, 1.46 (s x 2, 3H x 2, C(CHj3),), 4.08-4.14 (m, 2H, CH(OH)CH,0H), 4.18 (pdt, 1H,
CH(OH)CH;OH, J 8.8Hz, J 3.8Hz), 4.77 (dd, 1H, H-7, Js7 4.6Hz, J 8.8Hz), 5.60 (dd, 1H, H-6, J¢ 7
5.3Hz, J56 4.7Hz), 5.67 (d, 1H, H-4, J4 5 5.5Hz). 8¢ (CD3OD) 25.8, 27.2 (q x 2, C(CH3),), 62.5, 70.2,
71.5,87.0 (d x 4, C-5, C-6, C-7, CH(OH)CH,OH), 64.6 (t, CH(OH)CH,0H), 115.2 (s, C(CH3)), 162.4
(s, C-7a).

(SR AS 7R)-S 6 7-Trihvdrn-S-t IR_1 2_Adithvdrovvethviinvernlall D.Adltetraranle.f 7-Ainl 17 (SR ASC TR\_
{2,003, 74K)-2,0, /-1 rinydro-2-{ 1 iX-1, 2-dinydro JpYFroiof i, 2-djtetrazole-0, /-diot i/ 24,00, 7/K)

3.6 7-Trihvdro-5-( 1 R-1 2-dihvdroxvethv\-6_ 7-0)-iconronvhidene-nvrralal 1 2-dltetrazole-6 7-dinl 26 (45 mo

5,6,7-Trihydro-5-(1R-1,2-dihydroxyethy)-6, opropylidene-pyrrolof1,2-dltetrazole-6,7-diol 26 (45 mg,
0.186 mmol) was dissolved in aqueous trifluoroacetic acid (50% v/v, 3.5 ml) and stirred at room temperature.
After 28h t.l.c. (methanol : ethyl acetate, 1:9) showed the conversion of starting material (R 0.5) to a major
product (R 0.3). The reaction solvent was removed and the residue purified by flash chromatography
(methanol : ethyl acetate, 1:9) to give (5R,65,7R)-5,6,7-trihydro-5-(1R-1,2-dihydroxyethyl)pyrrolo[1,2-

dJtetrazole-6,7-diol 17 (28 mg, 75%) as a glassy solid. (HRMS m/z (CI+): Found 203.078408 (M + H*);
C6H1!N404 requires 203.078030). [(X!DZZ -19.7 (c, 0.89 in CHlOH) Vmax (@T) 3450cm-! (OH) m/z

(NH4, DCI): 220 (M + NH4*, 10), 203 (M + H*, 92), 150 (100%). 8y (D,0, 500 MHz) 3.96 (dd, 1H,
CHCHH'OH, J 5.9Hz, J 12.2Hz), 4.02 (dd, 1H, CH(OH)CHH'OH, J 3.4Hz, J 12.2Hz), 4.32 (ddd, 1H,
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Methyl 6—deoxy-5-ene-2,3-O-isopropylidene—ﬁ-L—ribohexopyranoside 29: A solution of p-toluenesulphonyl
chloride (11.43 g, 1.13 equiv.) in dry pyridine (40 mi) was added to a solution of methyl o-D-
mannopyranoside 20 (10.29 g, 53 mmol) in dry pyridine (180 mi) at -10°C. This solution was left for at 100h
at -13°C at which point t.l.c. (ethyl acetate : hexane, 1:1) showed the consumption of starting material (Ry
0.0), and the formation of a major product (R¢ 0.2). Ice-water (1 I) was added and the mixture evaporated to
an oil which was partitioned between chloroform (500 mi) and water (500 mi). The aqueous layer was further
extracted with chloroform (300 mi). The organic fractions were combined, dried (magnesium sulphate),
filtered and the solvent removed to give methyl 6—0—p—toluenesulphonyl—(x-D-mannopyranosidc (16.35 g) as a
yellow syrup. 2,2-Dimethoxypropane (30 ml, 245 mmol) and camphorsulphonic acid (1.5 g) were added to a
solution of this crude mixture in dry acetone (400 mi) under nitrogen. After 17h, t.l.c. {ethyl acetate : hexane,

1:1) showed the conversion of starting material (R 0.2) to a major product (Rf 0.5). The solution was
neutralised with aqueous ammonia solution (d 0.880) and the solvent removed. The residue was dissolved in
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toluenesulphonyl-a- lyxohexopyr n-4-uloside as ¢
1T

Triethylamine (6 ml) was added to a

€ Ketone in ethano

cooled 0 C Sodlum borohydrlde (3 15 g, 83 mmol) was then added to form a white mixture

between chloroform (400 ml) and water (400 ml). Thc agueous ]aver was further extracted with chloroform

(200 ml). The organic fractions were combined, dried (magnesium sulphate), filtered and the solvent removed.
The residue was purified by flash chromatography (ethyl acetate : hexane, 1:3) to give methyl 6~deoxy-5—ene—
2,3-O-isopropylidene-B-L-ribohexopyranoside 29 (7.19 g, 62% over 5 steps) as an unstable white solid,
m.p. 57-61°C (ethyl acetate/hexane). [ot]p2! -28.4 (¢, 0.81 in CHCl3). 8y (CDCl3, 500MHz) 1.32, 1.43 (s x
2, 3H x 2, C(CHs)y), 2.58 (d, 1H, OH, J4 on 7.5Hz), 3.40 (s, 3H, OCH3), 4.30 (dd, 1H, H-2, J,» 1.7Hz,
Jo3 7.7Hz), 4.43 (1H, s, H-6), 4.48 (dd, 1H, H-3, Jo 3 7.7Hz, J3 4 4.0Hz), 4.52 (1H, s, H-6’), 4.54 (1H,
m, H-4), 481 (d, IH, H-1, J; 2 1.6Hz). 6c (CDCl3, 125MHz) 24.6, 259 (s x 2, C(CH3)2), 55.8 (q,
OCH3), 65.5, 73.5, 74.6 (d x 3, C-2, C-3, C-4), 88.4 (t, C-6), 98.2 (d, C-1), 110.6 (s, C(CH3)3), 155.8 (s,
C-5).

B. G. Davis et al. / Tetrahedron 55 (1999) 45014520 4511
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Methyl 6-deoxy-5-ene-2,3-O-isopropylidene-4-O-trimethylsilyl-B-L-ribohexopyranoside 30:  Methyl 6-
deoxy-5-ene-2,3-O-isopropylidene-B-L-ribohexopyranoside 29 (1.47 g, 6.81 mmol) was dissolved in freshly
distilled THF (60 ml) under nitrogen. Dry pyridine (1.1 ml, 2 equiv.) and then trimethylsilylchloride (1.15 ml,
1.33 equiv.) were added and the resulting mixture stirred under nitrogen. After Sh t.l.c. (ethyl acetate : hexane,
1:3) showed the formation of a major product (R; 0.5) from starting material (R¢ 0.2). The volume of soivent
in the reaction mixture was reduced (to 5 mi) and purified by flash chromatography (ethyl acetate : hexane,
1:3) to give methyi 6-deoxy-5-ene-2,3-O-isopropylidene-4-O-trimethyisilyi-B-L-ribohexopyranoside 30 (i.88
g, 94%) as a white solid, m.p. 31-34°C (hexane). (Found: C, 54.17; H, 8.67%; C13H2405S1 requires C,
54.14, 8.39%). [alp?* +21.1 (¢, 0.9 in CHCI3). Vpay (film) 1650cm-! (w br, C=C). m/z (NH;, DCI):.
289 (M’+H+ 33), 202 (27), 90 (100%). oy (CDClz) 0.20 (s, 9H, SiMes), 1.34, 1.49 (s x 2, 3H x 2,
C(CHj3)a), 3.44 (s, 3H, OMe), 4.26 (dd, iH, H-2, J| 5 iHz, Jo 3 8Hz), 4.40 (m, 2H), 4.52 (s br, iH), 4.74
(m, 1H), 4.77 (d, 1H, H-1, J; 5 1Hz). 8¢ (CDCl3) -0.05 (q, SiMes), 24.8, 26.3 (s x 2, C(CH3)2), 55.9 (q,

n g g TP o BN n!\//_l ra ik A 111 18 N

OCH»), 66.3, 74.9, 75.5 (d x 3, C-2, C-3, C-4,), 88.6 (i, C-6), 99.6 (d, C-1), 111.0 (s, C(CH3)y), 155.0

~n oA~

(s, C-5).

Methyl 6-deoxy-2,3-O-isopropylidene-4-O-trimethylsilyl-a—D-talopyranoside: Palladium black (313 mg) was
added to a solution of methyl 6-deoxy-5-ene-2,3-0-isopropylidene-4-O-trimethylsilyl-B-L-ribohexopyranoside
30 (1.88 g, 6.53 mmol) in ethyl acetate (190 ml). The solution was thoroughly degassed and stirred under
hydrogen. After 24h, t.L.c. (ethyl acetate : hexane, 1:3) indicated the formation of a major product (R 0.5).
The reaction mixture was filtered through celite and the solvent removed. The residue was purified by flash
chromatography (ethyl acetate : hexane, 1:9) to give methyl 6-deoxy-2,3-O-isopropylidene-4-O-trimethylsilyl-
o-D-talopyranoside (1.56 g, 82%) as a colourless oil. (Found: C, 53.38; H, 9.02; C,3H,505Si requires C,
53.76; H, 9.02%). |a]p24 +42.0 (c, 1.1 in CHCl3). m/z (NH3, DCI): 308 (M+NHy4*, 3), 276 (M+NH*-
MeOH, 20), 259 (M+H*-MeOH, 43), 100 (45), 90 (100%). &y (CDCl3, 500MHz) 0.17 (s, 9H, SiMejs),
1.29 (d, 3H, H-6, Js 5 6.3Hz), 1.35, 1.56 (s x 2, 3H x 2, C(CH3)3), 3.43 (s, 3H, OMe), 3.88 (m, 2H, H-4,
H-5), 4.02 (dd, 1H, H-2, J,, 2.5Hz, J,53 7.0Hz), 4.24 (dd, 1H, H-3, J,3 7.0Hz, J34 4.2Hz), 4.82 (d,
1H, H-1, J, 2 2.5Hz). 3¢ (CDCl3, 125MHz) 0.40 (g, SiMes), 17.1 (g, C-6), 25.1, 25.7 (s x 2, C(CH3),),
55.6 (q, OCHj3), 67.1, 67.4, 74.2, 74.7 (d x 4, C-2, C-3, C-4, C-5), 99.0 (d, C-1), 109.8 (s, C(CH3)).

Methyl 6-deoxy-2,3-O-isopropylidene-a—D-talopyranoside 31: Method 1: A solution of methyl 6-deoxy-5-
ene-2,3-0O-isopropylidene-[3-L-ribohexopyranoside 29 (1.035 g, 4.79 mmol) in anhydrous methanol (50 ml)
was added to a pre-reduced suspension of palladium on carbon (10%, 1.01 g, pre-reduced under hydrogen for
3h) in anhydrous methanol (110 ml). The resulting mixture was thoroughly -degassed and stirred under
hydrogen. After 3h, t.l.c. (ethyl acetate : hexane, 1:3) showed the consumption of starting material (R; 0.3)
and the formation of a major product (Ry 0.15). The reaction mixture was filtered through celite (eluant
methanol) and the solvent removed. The residue was purified by repeated flash chromatography (ethyl acetate :
hexane, 1:3) to give methyl 6-deoxy-2,3-0O-isopropylidene-a-D-talopyranoside 31 (636 mg, 62%) as a yellow
oil.

Method 2: A solution of tetra-n-butylammonium fluoride in THF (1.1M, 2.15 ml, 3.47 equiv.) was added to a
solution of methyl 6-deoxy-2,3-O-isopropylidene-4-O-trimethylsilyl-a-D-talopyranoside (620 mg, 2.14
mmol) in freshly distilled THF (17 ml) under nitrogen. After 20 minutes, t.I.c. (ethyl acetate : hexane, 1:3)
showed the conversion of starting material (R 0.5) to one product (Ry 0.15). The reaction solvent was
removed and the residue purified by flash chromatography (ethyl acetate : hexane, 1:3) to give methyl 6-
deoxy-2,3-O-isopropylidene-o-D-talopyranoside 31 (477 mg, 100%) as a yellow oil. [a]p?> +47.9 (c, 1.3 in
CHCl;3) {lit.,”! [a]p +48.9 (c, 1.3 in MeOH)}. 8y (CDCl3, 500MHz) 1.31 (d, 3H, H-6, Js ¢ 6.6Hz), 1.35,
1.56 (s x 2, 3H x 2, C(CHz)3), 2.20 (s br, 1H, OH), 3.38 (s, 3H, OMe), 3.53 (d, 1H, H-4, J3 4 4.7Hz),
3.80 (q, 1H, H-5, J5 6 6.6Hz), 4.00 (d, 1H, H-2, J, 3 6.4Hz), 4.18 (dd, 1H, H-3, J, 3 6.2Hz, J34 5.2Hz),
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Methyl 4-azido-4-deoxy-2,3-O-isopropylidene-o-D-rhamnopyranoside  32: Trifluoromethanesulphonic
anhydride (0.64 ml, 1.5 equiv.) was added dropwise to a solution of pyridine (0.7mi, 3.5 equiv.) and methyi
6-deoxy-2,3-O-isopropylidene-o-D-talopyranoside 31 (550 mg, 2.52 mmol) in freshly distilied
dichloromethane (25 mi) under nitrogen at -20°C. After 4h, t.1.c. (ethyl acetate : hexane, 1:3) showed compiete
conversion of starting material (R 0.15) to a single product (R¢ 0.3). The reaction mixture was diluted with
dichioromethane (70 mi) and washed with dilute hydrochioric acid (ZM, 13 mi), saturated aqueous sodium
hydrogencarbonate (15 mi) and brine (15 mi). The organic fraction was dried (magnesium suiphate), filtered
and the solvent removed. The residue was dissolved in dry DMF (20 mi) under nitrogen and sodium azide

(360 mg) added. The reaction mixture was placed in a sonic bath for 15 minutes and was then stirred at room

temperature for 22h at which poi nt t.i.c. (ethyl acetate : hexane, 1:3) showed the formation of a single product
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were combined, washed with brine (15 ml x 2), dried (magnesium sulphate), filtered and the solvent removed.
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4-Azido-4-deoxy-a,B-D-rhamnopyranose 33: Aqueous trifluoroacetic acid (1:1 v/v, 20 ml) was added
dropwise to a solution of methyl 4-azido-4-deoxy-2,3-O-isopropylidene-o-D-rhamnopyranoside 32 (400 mg,
1.65 mmol) in 1,4-dioxan (1 ml). The resulting solution was heated under reflux. After 42h, t.l.c. (ethyl
acetate) showed the formation from starting material (Ry 0.9), via an intermediate (Ry 0.65), of a mixture of
products (R 0.5). The reaction mixture was cooled and the solvent removed. The residue was co-evaporated
with toluene (I ml x 4) and purified by flash chromatography (ethyl acetate : hexane, 1:1) to yield 4-azido-4-
deoxy-a,-D-rhamnopyranose 33 (209 mg, 67%) as a white crystailine solid, m.p. 117-120°C (ethyl
acetate/hexane) {lit.,”” m.p. 118-118.5°C (cthanoi/'n pentane)} [ojp?? +13.9, (initial) +25.4 (30min), +54.8
(equilibrium) (¢, 0.64 in MeOH) {lit.,* [a]p?? +21.6 (initial), +57.4 (30min) (c, 1.0 in MeOH)}.

(CD3CN, 500MHz) [a 3:2 mixture of anomers, * indicating the minor anomer] 1. 22 (d 1.8H, H-6, Js 6

6.2Hz), 1.25 (d, 1.2H, H-6', Js ¢ 5.8Hz), 3.17 (m, 0.8H, H-4’, H-5"), 3.25 (pt, , H-4, J34 10.0Hz,
' 1N NYT A N o 7 1.1 N AYT Y¥ N 1 s Be 2 B ' g N ITT N\ ~ o s 1 N YT Y £ ' /A 1YY b 4
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0.2Hz), 3.6Y (ad, U.oH, n-2, Jy, .70z, Jp 3 3.30z), 3.72 {aq, U.4H, 0-2°, J1'p» U.7Hz, J2 3> 3.3HZ),
3.74 (dd, 0.6H, H-3, J, 3 3.3Hz, J34 9.9Hz), 4.59 (s, 0.4H, H-1"), 497 (d, 0.6H, H-1, J;, 1.5Hz). &¢
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-Azido-4-deoxy-D-rhamnono-1,5-lactone 34: 4-Azido-4-deoxy-a,B-D-rthamnopyranose 33 (96 mg, 0.51
mmol) was dissolved in aqueous 1,4-dioxan (1:3 dioxan : water, 12 ml) and barium carbonate (323 mg, 3.09
equiv.) added. Bromine (0.1 ml, 3.66 equiv.) was then slowly added to the mixture with vigorous stirring.
After 2h t.1.c. (ethyl acetate) showed complete conversion of starting material (Rf 0.35) (o a single product (R¢
0.5). The reaction mixture was filtered, air passed through the resulting filtrate until decolourized, and the
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solvent removed. The residue was extracted with boiling ethyl acetate (20 ml x 2). The extracts were
combined, filtered and the solvent removed to yield 4-azido-4-deoxy-D-rhamnono-1,5-lactone 34 (71 mg,
75%) as a white crystalline solid, m.p. 112-114°C (ethyl acetate/hexane). (Found: C, 38.66; H, 4.47, N
22.08%; CoH1304N3 requires C, 38.51; H, 4.85; N, 22.45%). [a]p?® +128.8 (¢, 0.82 in EtOAc). Vmax
(film) 3349cm-! (O-H), 211lcm! (N3), 1751cml (C=0). m/z (NH3, DCI) 205 (M+NH4*, 100), 160
(M+H*-H50, 41%). 8y (CD;CN, 5S00MHz) 1.43 (d, 3H, H-6, Js ¢ 6.2Hz), 3.56 (dd, 1H, H-4, J3 4 2.2Hz,
Ja5 9.6Hz), 4.19 (dq, 1H, H-5, J4 5 9.6Hz, J5ss 6.3Hz), 4.20 (dd, 1H, H-3, J» 3 4.4Hz, J34 2.4Hz), 4.45
(d, 1H, H-2, J,3 4.3Hz). 8¢ (CD;CN, 125MHz) 19.3 (q, C-6), 68.1, 69.1, 73.0, 74.3 (d x 4, C-2, C-3, C-
4, C-5), 172.9 (s, C-1).

4-Azido-4-deoxy-2, 3-O-isopropylidene-D-rhamnono-1,5-lactone  35: Method 1: A solution of p-
toluenesulphonic acid (10 mg) in 2,2-dimethoxypropane (0.51 ml) was added to a solution of 4-azido-4-
deoxy-a,B-D-rhamnopyranose 33 (370 mg, 1.96 mmol) in DMF (10.5 ml) under nitrogen at 80°C. After 2h,
t.l.c. (ethyl acetate) showed the consumption of starting material and the formation of a mixture of products
(R; 0.6). The reaction solution was cooled, stirred with excess sodium hydrogencarbonate, filtered and the
solvent removed. The residue was purified by flash chromatography and then dissolved in aqueous 1,4-dioxan
(30 ml, 1:3, dioxan : water) and barium carbonate (986 mg) added. Bromine (0.3 ml) was then slowly added
to the mixture with vigorous stirring, After 2h, t.l.c. (ethyl acetate : hexane, 1:1) showed the consumption of
starting material (R;0.35) and the formation of a single product (R¢ 0.4). The reaction mixture was filtered and
air passed through the resulting filtrate, until decolourized, and the solvent removed. The residue was extracted
with boiling ethyl acetate (20 ml x 2). The extracts were combined, filtered and the solvent removed. The
residue was purified by flash chromatography (ethyl acetate : toluene, 1:3) to give 4-azido-4-deoxy-2,3-0-
isopropylidene-D-rhamnono-1,5-lactone 35 (232 mg, 52% over 2 steps) as a white solid.

Method 2: 4-Azido-4-deoxy-D-rhamnono-1,5-lactone 34 (65 mg, 0.27 mmol) was dissolved in acetone (5 ml,
AR grade) that had been previously acidified with concentrated sulphuric acid (5 drops), and stirred under
nitrogen at room temperature. After 2h, t.1.c. (ethyl acetate : hexane, 1:1) showed the formation from starting
material (Rg 0.1) of a single product (Rf 0.4). The reaction solution was neutralised using dry triethylamine
and the solvent removed giving a brown oil. This residue was purified by flash chromatography (ethyl acetate :
hexane, 1:3) to give 4-azido-4-deoxy-2,3-O-isopropylidene-D-rhamnono-1,5-lactone 26 (60 mg, 76%) as a
white crystalline solid, m.p. 93-94°C (ethyl acetate/hexane). (Found: C, 47.55; H, 542; N 18.82%;
CoH304N3 requires C, 47.57; H, 5.77, N, 18.49%). [a]p?’ +101.6 (¢, 0.73 in CHCI3). vyax (film)
2114cm™ (N3), 1763cm ! (C=0). m/z (NH3, DCD): 245 (M+NH,4*, 82), 228 (M+H*, 24), 200 (M+NH,4*-
Ny, 100%). dy (CDCl3, SO0OMHz) 1.45, 1.51 (s x 2, 3H x 2, C(CH3),), 1.51 (d, 3H, H-6, J5¢ 6.2Hz), 3.46
(dd, 1H, H-4, J3 4 6.9Hz, J4 5 10.3Hz), 4.19 (dq, 1H, H-5, J45 10.3Hz, J56 6.2Hz), 4.51 (dd, IH, H-3,
J»3 8.1Hz, J3 4 7.0Hz), 4.70 (d, 1H, H-2, J, 3 8.2Hz). 8¢ (CDCIls 125MHz) 18.0 (q, C-6), 25.2, 26.7 (q x
2, C(CH3)3), 65.6, 71.8, 73.6, 77.2 (d x 4, C-2, C-3, C-4, C-5), 112.7 (s, C(CHa)7), 168.2 (s, C-1).
4-Azido-4-deoxy-2,3-O-isopropylidene-D-rhamnonoamide: A solution of 4-azido-4-deoxy-2,3-O-
isopropylidene-D-rhamnono-1,5-lactone 35 (140 mg, 0.62 mmol) in methanol (1.5 ml, anhydrous) was
added to a freshly prepared saturated solution of ammonia in methanol (6 ml, anhydrous) and stirred under
nitrogen at room temperature. After lh, t.l.c. (ethyl acetate : hexane, |:1) showed complete conversion of
starting material (Rr 0.4) to a single product (Rf 0.1). The solvent was removed and the residue purified by
flash chromatography (ethyl acetate : hexane, 3:1) to give 4-azido-4-deoxy-2,3-O-isopropylidene-D-
rhamnonoamide (150 mg, 100%) as a hygroscopic yellow oil. [0]p?5 -14.8 (¢, 0.66 in CHCl3). Vpax (film)
3349cm-! (br, OH, NH), 2110cm-! (N3), 1675¢cm-! (amide I), 1583cm-! (amide II). m/z (NH3z, DCI): 245 M
+ H*, 100), 217 (M + H* - Nj, 38), 173 (25%). 8y (CD3CN, 500MHz) 1.27 (d, 3H, H-6, Js, 6.2H2z),
1.37, 1.56 (s x 2, 3H x 2, C(CH3y)3), 3.31 (dd, |H, H-4, J34 3.4Hz, J45 8.2Hz), 3.78 (dq, 1H, H-5, J45
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8.2Hz, Js ¢ 6.3Hz), 4.58 (d, 1H, H-2, J,3 8.1Hz), 4.74 (dd, 1H, H-3, J, 3 8.2Hz, J3 4 3.4Hz), 6.23 (s br,
1H, NH), 6.80 (s br, 1H, NH). 8¢ (CD3CN, 125MHz) 21.3 (q, C-6), 24.4, 26.4 (q x 2, C(CH3)3), 66.3,

68.0, 76.5, 77.5 (d x 4, C-2, C-3, C-4, C-5), 110.4 (s, C(CH3),), 173.7 (s, C-1).

4-Azido-4-deoxy-2,3-O-isopropylidene-D-rhamnononitrile 36:  Trifluoroacetic anhydride (0.37 ml, 4.3
equiv.) was added to a solution of 4-azido-4-deoxy-2,3-O-isopropylidene-D-rhamnonoamide (150 mg, 0.615
mmol) in dry pyridine (4 ml) under nitrogen at -30°C. After 1.5h, t.l.c. (ethyl acetate : hexane, 1:1) showed
the formation from starting material (R¢ 0.1) of a major product (R¢ 0.5). Excess anhydride was quenched by
the addition of methanol (1 ml) and the reaction solvent removed. The residue was purified by flash
chromatography (ethyl acetate : hexane, 1:3) to give 4-azido-4-deoxy-2,3-0-isopropylidene-D-rhamnononitrile
36 (110 mg, 86%) as a colourless oil, [o]p?3 +24.8 (¢, 0.84 in CHCls). (Found C, 47.70; H, 6.45; N,
24.89%: CoH|4N4O3 requires C, 47.78;, H, 6.24; N, 24.76%). Vmax (film) 3491cm! (br, OH, NH),
2218cm-! (w, CN), 2115cm ! (N3). m/z (NH3, DCI): 244 (M + NHy*, 44), 227 (M + H+, 53), 201 (42), 199
(M + H*, 32), 155 (100%). oy (CDCl3, 500MHz) 1.42 (d, 3H, H-6, Js¢ 5.8Hz), 1.43, 1.62 (s x 2, 6H,
C(CH3)3), 3.64 (m, 2H, H-4, H-5), 4.21 (dd, 1H, H-3, Jo3 5.1Hz, J34 8.7Hz), 4.95 (d, 1H, H-2, J53
5.2Hz). 8¢ (CDCl3) 21.3 (q, C-6), 26.0, 26.9 (q x 2, C(CH3),), 67.2, 67.8, 68.1 (d x 3, C-3, C-4, C-5),
79.4 (d, C-2), 111.5 (s, C(CH3)p), 117.3 (s, C-1).

(5R,68,7R)-5,6,7-Trihydro-5-(1R- 1-hydroxyethyl)-6,7-O-isopropylidenepyrrolof 1,2-d]tetrazole-6,7-diol

37: 4-Azido-4-deoxy-2.3-O-isopropylidene-D-rhamnononitrile 36 (52 mg, 0.23 mmol) was dissolved in
DMSO (anhydrous, 1.65 mi) and heated at 110-120°C. After 115h, t.l.c. (ethyl acetate) showed the formation
of a single product (Ry 0.5) from starting material (Ry 0.7). The reaction solution was cooled, and the solvent
removed. The residue was purified by flash chromatography (ethyl acetate : hexane, 1:1) to give (5R,6S5,7R)-
5,6,7-trihydro-5-( | R-1-hydroxyethyl)-6,7-O-isopropylidenepyrrolo[ 1,2-d ]tetrazole-6,7-diol 37 (45 mg,
87%) as a colourless crystalline solid, m.p. 147-152°C (ethyl acetate/hexane). (Found C, 48.03; H, 6.00, N,
24.79%; CoO3N4H 4 requires C, 47.78; H, 6.24; N, 24.76%). [a]p?? +9.4 (c, 0.69 in MeOH). v__ (film)
3400cm’ (br, OH). m/z (NH,,DCI): 227 (M+H+, 100). §, (CD,CN, 500MHz) 1.29, 1.44 (s x 2, 3H X 2,
C(CH,),), 1.57 (d, 3H, CH(OH)CH,, J 6.3Hz), 3.33 (d, 1H, OH, J 6.3Hz), 4.30 (dqu, 1H, CH(OH)CH,, J
6.3Hz, J, 7.0Hz), 4.46 (dd, IH, H-5, J,, 4.2Hz, J,; 7.2Hz), 5.61 (m, 2H, H-6, H-7). 6. (CD,CN,
125MHz) 21.0 (g, CH(OH)CH,), 25.4,26.7 (q x 2, C(CH,),), 65.9, 66.3, 70.9, 86.4 (d x 4, C-5, C-6, C-7,
CH(OH)CH3), 114.9 (s, C(CH3)3), 161.4 (s, C-7a).
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CH(OH)CH3, J 6 6Hz) 3 86 (s br, 1H, OH, exchanges in DQO) 4 32 (q (OH)CH;, JCH 5 5 4Hz
J 6.5Hz), 4.41 (s br, 2H, OH x 2), 4.52 (t, 1H, H-5, J 5.3Hz), 5.06 (t, 1H, H 6, J 5.5Hz), 5.08 (d, 1H, H-
7, Js.7 5.6Hz). 8¢ (CD3CN, 125MHz) 20.3 (q, CH(OH)CH3), 63.8, 65.4, 67.0, 77.7 (d x 4, C-5, C-6, C-
7, -CH(OH)CHz3), 161.9 (s, C-7a).

Methyl 2,3-O-isopropylidene-o-L-rhamnopyranoside 39: Accetyl chloride (3.5 ml, 4.5 equiv.) was added to a

ANCA AT ' FUEUy [ gy R DRpIgY

solution of ¢-L-rhamnose monol nym ate 38 \1 1.31 g, 62 lulllUl) in methanol (duuyuruus 1501 11) and refluxed
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under nitrogen. After 21h, t.l.c. (ethyl acetate) showed the formation of a major product (R 0.2). The reaction
solution was cooled, neutralised with sodium hydrogencarbonate and the solvent removed. The residue was
dissolved in ethyl acetate, passed through a silica plug (cluant cthyl acetate), the solvent removed and the
residue dissolved in acetone (250 ml) under nitrogen. To the resulting sotution, camphorsulphonic acid (0.2 g)
and then 2,2-dimethoxypropane (40 ml) were added. After 18h, t.l.c. (ethyl acetate : hexane, 1:1) showed the
formation of a major product (R 0.4) from starting material (Rf 0). The reaction solution was neutralised with
aqueous ammonia solution (d 0.880) and the solvent removed. The residue was dissolved in chloroform (200
ml) and washed with distilled water (50 mil). The aqueous layer was re-extracted (50 mi x 5), the organic
fractions combined, dried (magnesium sulphate), filtered and the solvent removed. The residue was purified
by flash chromatography (ethyl acetate : hexane, 1:3) to give methyl 2,3-O- isopropyiidene—a—L—
rhamnopyranoside 39 (12.08 g, 89%) as a yellow oil. [a]p?? -12.0 (¢, 2.3 in H,0) {1it.,.” [o]p?! -10.65 (c,

1.88 in Hy0)}. &y (CDCls) 1.31 (d, 3H, H-6, J5 6.3Hz), 1.35,1.53 (s x 2,3H x 2 H3),), 2.67 (s br,
1H, OH), 3.63 (iH, dq, H-5, J4 5 9.3Hz), 3.36-3.39 (m, iH), 4.05-4.14 (m, 2H), 4.85 (s, 1H, H-1). 6¢
(CDCl3) 17.2 (g, C-6), 25.9, 27.8 (q x 2, C(CH3)y), 54.7 (q OMe), 65.5, 74.3, 75.7, 785 (d x 4, C-2, C-
3, C-4, C-5), 98.1 (d, C-1), 109.5 (s, C(CH,),).

Methyl-6-deoxy-2,3-0-isopropylidene-a—L-talopyranoside 40: Methyl-2,3-O-isopropylidene-o—L.-

rhamnopyranoside 39 (12.08 g, 0.055 mol), dried powdered molecular sieve (47.8 g) and pyridinium
chlorochromate (48 g, 4.02 equiv.) were stirred in dry dichloromethane (500 ml) under nitrogen at room
temperature for 12h. At this point t.l.c. (ethyl acetate : hexane, 1:3) showed complete conversion of starting
material (Rf 0.15) to product (Rf 0.3). The reaction mixture was triturated with ether (500 ml), and filtered
through a silica plug topped with celite (ether eluant). The solvent was then removed to leave crude methyl-6-
deoxy-2,3-O-isopropylidene-o—L-lyxohexopyran-4-uloside. Vyax (film) 1743 cm! (C=0). m/z (NH3,DCI):
234 (M+NH4+,68), 219 (M+H+,100), 204 (M+NH4*-MeOH, 34), 187 (M+H*-MeOH, 50%). oy (CDCl3,
500MHz) 1.36, 1.48 (s x 2, 3H x 2, C(CHz3)2), 1.39 (d, 3H, H-6, Js¢ 6.8Hz), 3.45 (3H, s, OMe), 4.23 (d,
1H, H-5, Js 6.8Hz), 4.40 (d, 1H, H-3, J,3 6.9Hz), 442 (dd, 1H, H-2, J1, 0.7Hz, J 3 6.5Hz), 4.83 (s,
1H, H-1). ¢ (CDCl3) 15.7 (g, C-6), 25.4,26.6 (q x 2, C(CH31)3), 55.8 (q, OCH3), 69.7, 75.9, 78.7 (d, C-
2,C-3,C-5),982 (d x 3, C-1), 111.5 (s, CMey), 205.2 (s, C-4). This was immediately dissolved in ethanol
: water (600 ml, 9:1) and cooled to 0°C. Sodium borohydride (4 g) was added and the solution stirred at 0°C.
After 2h, t.l.c. (ethyl acetate : hexane, 1:3) indicated the formation of a single product (Rf 0.15). The reaction
was quenched by addition of an excess of ammonium chloride with stirring until effervescence ceased. The
solvent was removed and the residue dissolved in chloroform (500 ml), washed with distilled water (100 ml x
2), brine (100 ml), dried (magnesium sulphate), filtered and the solvent removed to yield methyl-6-deoxy-2,3-
O-isopropylidene-o—L-talopyranoside 40 (11.1 g, 92% over two steps) as a viscous pale yellow oil. [0]p?3 -
43.8 (c, 1.62 in CHCl3), identical in all other respects to enantiomer 31 described above.

Methyl-4-uzido-4-deoxy-2,3-O-isopropylidene-a-L-rhamnopyranoside 41: Methyl-6-deoxy-2,3-0O-
isopropylidene-a~L-talopyranoside 40 (11.1 g, 0.051 mol) was dissolved in dry dichloromethane (400 ml).
Pyridine (12.5 ml, 3.17 equiv.) was added and the solution stirred at -20°C under nitrogen.
Trifluoromethanesulphonic anhydride (12.1 ml, [.41 equiv.) was added slowly. After 5h, t.l.c. (ethyl acetate
: hexane, 1:3) indicated complete conversion of starting material (R 0.15) to product (R 0.3). The reaction
mixture was diluted with dichloromethane (1 1), washed with dilute hydrochloric acid (2M, 200 ml), saturated
aqueous sodium hydrogencarbonate (200 ml), brine (200 ml), dried (magnesium sulphate), filtered and the
solvent removed. The residue was immediately dissolved in dry DMF (300 ml) and sodium azide (5.94 g)
added. The reaction mixture was placed in a sonic bath for 15 minutes and was then stirred under nitrogen at
room temperature for 21h when t.l.c. (ethyl acetate : hexane, 1:3) indicated the formation of a single product
(Ry 0.55). The solvent was removed and the residue partitioned between dichloromethane (1 1) and distilled
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water (200 ml). The organic extract was washed with brine (2 x 200 ml), dried (magnesium sulphate), filtered
and the solvent removed. The residue was purified by flash chromatography (ethyl acetate : hexane, 1:19) to
yield methyl-4-azido-4-deoxy-2,3-O-isopropylidene-a-L-rhamnopyranoside 41 (8.5 g, 69% over 2 steps) as
a colourless oil. [a]p2? -8.2 (¢, 0.97 in CHCl3), identical in all other respects to enantiomer 32 described
above.

4-Azido-4-deoxy-a, B-L-rhamnopyranose 42: Methyl-4-azido-4-deoxy-2,3-O-isopropylidene-o-L-
rhamnopyranoside 41 (4.2 g, 0.017 mol) was dissolved in 1,4-dioxan (12 ml), aqueous trifluoroacetic acid
(220 ml, 1:1 by volume) slowly added and the resulting solution was then heated under reflux. After 32h,
t.l.c. (ethyl acetate) showed complete conversion of the starting material to a single product (R¢ 0.5) via the
intermediate methyl 4-azido-4-deoxy-o-L-rhamnopyranoside (R 0.65), a small sample of which was purified
by flash chromatography (ethyl acetate : hexane, 1:1) white crystalline solid, m.p. 79-83°C (ether/hexane).
(Found: C, 41.70; H, 6.34; N, 20.51%; C7H304Nj3 requires C, 41.38; H, 6.45; N, 20.68%). [a]p?* -124.0
(¢, 0.68 in MeOH). Vpax (film) 3400 cm! (OH), 2113 cm'! (N3). m/z (NH3,DCI): (M+NH,4*, 100), 189
(M+NH4*-MeOH, 51%). dy (CDCl3/D,0, S00MHz) 1.36 (d, 3H, H-6, Js¢ 6.3Hz), 3.28 (pt, |H, H-4, J
9.9Hz), 3.36 (s, 3H, OMe), 3.58 (dq, 1H, H-5, J45 10.0Hz, J56 6.3Hz), 3.82 (dd, 1H, H-3, J;3 3.4Hz,
J34 9.8Hz), 3.90 (dd, 1H, H-2, J,; 1.6Hz, J, 3 3.4Hz), 4.69 (d, 1H, H-1, J;; 1.6Hz). &¢c (CDCl3) 18.2
(g, C-6), 55.0 (q, OCH3), 65.9, 66.5, 70.1, 70.4 (d x 4, C-2, C-3, C-4, C-5), 100.6 (d, C-1). The reaction
mixture was cooled and the solvent removed. The residue was co-evaporated with toluene (3 x 15 ml) and
purified by flash chromatography (ethyl acetate : hexane, 1:1) to yield 4-azido-4-deoxy-c,B-L-
thamnopyranose 42 (2.19 g, 67% over 2 steps) as a white crystalline solid, m.p. 119-120°C (ethyl
acetate/hexane). (Found: C, 38.39; H, 5.79; N, 21.95%; CgH;O4N3 requires C, 38.10; H, 5.86; N,
22.21%). [a]p?4 -17.5 (initial), -23.1 (40min), -57.6 (equilibrium) (¢, 1.07 in MeOH), identical in all other
respects to enantiomer 33 described above.

4-Azido-4-deoxy-L-rhamnono-1,5-lactone 43: 4-Azido-4-deoxy-o,B-L-rhamnopyranose 42 (523 mg, 2.77
mmol) was dissolved in aqueous 1,4-dioxan (40 ml, 1:3, dioxan : water) and barium carbonate (1.75 g, 3.05
equiv.) added. Bromine (0.5ml, 3.5 equiv.) was then slowly added to the mixture with vigorous stirring.
After 3h t.l.c. (ethy!l acetate) showed complete conversion of starting material (R 0.35) to a single product (R
0.5). The reaction mixture was filtered and air passed through the resulting filtrate, until decolourized, and the
solvent removed. The residue was extracted with boiling ethyl acetate. The extracts were combined, filtered
and the solvent removed to yield 4-azido-4-deoxy-L-rthamnono-1,5-lactone 43 (385 mg, 74%) as a white
crystalline solid, m.p. 114-115°C (ethyl acetate/hexane). [ot]p2! -134.0 (¢, 1.17 in EtOAc), identical in all
other respects to enantiomer 34 described above.

4-Azido-4-deox -2, 3-0- isopropvlidene-1 -rhamnono-1 5-lactone Add - A.-A7idn-4-deoyv-1 _rh
£ op? ne rnamnono-1,J>-lactone 44 4-AZ1Q0-4-0e0XY-L-IT

(4244 o yeilal
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y d the solvent removed giving a b ST ue purified
by flash chromatography (ethyl acetate : hexane, 1:3) to yield 4-azido-4-deoxy-2,3-O-isopropylidene-L-

rhamnono-1,5 lactone 44 (122 mg, 78%) as a white crystalline solid, m p 93-95°C (ethy! acetate/hexane).
[alp?3 -104.8 (¢, 1.27 in CHCls), identical in all other respects to enantiomer 35 descri :

4-Azido-4-deoxy-2,3-O-isopropylidene-L-rhamnonamide: =~ A solution  of  4-azido-4-deoxy-2,3-O-
isopropylidene-L-rhamnono-1,5-lactone (128 mg, 0.56 mmol) in methanol (I mi, anhydrous) was added to a
freshly prepared saturated solution of ammonia in methanol (5 ml, anhydrous) and stirred under nitrogen at

room temperature. After 10 minutes, t.1.c. (ethyl acetate : hexane, 1:1) showed complete conversion of starting
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material (R; 0.4) to one product (R¢ 0.1). The solvent was removed to yield 4-azido-4-deoxy-2,

isopropylidene-L-rhamnonamide (137 mg, 100%) as a colourless oil. {at]p?? +16.3 (¢, 0.73 in CHCI
identical in all other respects to enantiomer described above.

3-0-
Ch)

4-Azido-4-deoxy-2,3-O-isopropylidene-L-rhamnononitrile  45:  4-Azido-4-deoxy-2,3-O-isopropylidene-L-
rhamnonamide (133 mg, 0.545 mmol) was dissolved in distilled pyridine (3.5 ml) and cooled to -30°C.
Trifluoroacetic anhydride (0.35 ml) was added. After Sh, t.l.c. (ethyl acetate : hexane, 1:3) indicated the
formation of a major product (R¢ 0.5). Remaining anhydride was quenched by the addition of methanol (2 ml)
and the reaction solvent removed. The residue was purified by flash chromatography (ethyl acetate : hexane,
1:3) to give 4-azido-4-deoxy-2,3-O-isopropylidene-L-rthamnononitrile 45 (101 mg, 82%) as a colourless oil.
[a]p?? -27.1 (¢, 0.83 in CHCl3), identical in all other respects to enantiomer 36 described above.

(58,6R,78)-5,6,7-trihydro-5-(1S- I- hva vdroxyethyl)-6, 7-()-;5;){, Plzdengn\)rrn/nfl 2-dtetrazole-6,7-diol 46:
4-Azido-4-deoxy-2,3-O-isopropylidene-L-rhamnononitrile 45 (70 mg, 031 mmol) was dissolved in
anhydrous DMSO (3 ml) and heated at 110-120°C. After 186h, t.l.c. (ethyl acetate : hexane, 1:1) showed the
conversion of starting material (Ry 0.5) to a single product (Rf 0.1). The reaction solution was cooled, the

solvent removed and the residue purified by flash chromatography (ethyl acetate : hexane, 1:1) to give

(55,6R,75)-5,6,7-trihydro-5-(18-1-hydroxyethyl)-6,7-O-isopropylidenepyrrolo[ 1,2-d]tetrazole-6,7-diol 46

(63 mg, 90%) as a white crystalline solid, m.p. 150.5-152°C (ethyl acetate/hexane). [a]p?2 -11.9 (c, 0.43 in
MeOH). identical in all other respects to enantiomer 37 described above.

JEC L0y 7N L& L7 i c 710 "\ | B - 1 7 TN FEO L YO LM
(29,048, /3)~-3,0, /-1 FinNyaro-3-( 1.y l nyar(}xvemw}pyrr -af elrazot ,/ aiol 17 (23,04,/3)-3,0,/-
TPeibecs A & 710 1 Lo A NS B b . EURRSTUN, i o | AVaa b _ ™ 5.1 A L Iy %] e n NN
1ITIYyaro-o-{ l.)-l-nyumxyt:myl)- ‘(/ lbUplUprU‘: 1€ rww[ A djietrazoie-0,7-a1ol 40 (0> mg, Y.Z/Y
mmol) were dissolved in aqueous trifluoroacetic acid (4.5 ml, 50% by volume) and the resulting solution
,,,,,, Aftae D0 + 1 4 (otlaerl nmmbnea) classrmd amimamlata Amscraccsmem b abnsbioe smantammal I N LN s~ on atmela
SUITTU., AL 4410 LU (CUIYL altldic) SHUWEU LU llplUC (918) lVClblUl Ul 5L ll[lg Iacrial {(n\f J.0) 10 a >l lglc
At (DN 1Y Mha cnluant e rarme~avad amd tha wacidiia wrac smnrmfiad ke Flach Alanias nbo con el Vs S |
product (AN UL ). LHOT JSULIVCIIL wad TTHHIUVEU dilld UIC ITHIUUCT wad puuucu Uy Iiadil CHIoOlIdu gl [)lly ! Hl)’l
nratatal ta giva (SCELAD TO\ S A 7 teihvyden & /101 _ hydeavera tholmeronAlall Y ATrateacnla £ 77 A1 10 /A v s
aCeiaic) to give (00,04, /0 )-3,0, /-ty aro-o-{ 15-1-NyaroxXyeinyi )pyrroi0| 1,£-0 i€irazoi€-o, /-aidi 1> (44 Mg,
82%) as a white crystalline compound, m.p. 162.5-164°C (ethanol/ethyl acetate). [o(]p?4 -36.3 (¢, 0.71 in
H. idantical in all athar ragnarte tn anantinmar 1Q Adacrrihad ah~va
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