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Abstract

2-Amino (alkyl and arylamino)-2-deoxg-fructose and different sugar isothiocyanates are used in the diastereo-
selective synthesis of chiral imidazolidine-2-thiadaucleosided2-23. Water -elimination of these compounds
produces imidazoline-2-thiorg-nucleoside®7-31, whereas cyclodehydration of the same products gives, with
high stereoselectivity, chiral spironucleosides withNaglycosyl radical34-37. Conformational aspects of some
of the prepared compounds are discussed. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Of the different types of nucleosidds; andC-glycosyl derivatives of heterocycles are the most studied
compounds, and have in many cases interesting biological propefties1991 the isolation of (+)-
hydantocidin® the first natural spironucleosideand the finding of its potent herbicidal activity was
without toxicity for mammals? has provoked a great interest in the chemistry of spironucleosides. Thus,
much effort is being directed to the synthesis of hydantoddiatbocyclic analoguéstelated pyranoid
and furanoid compounds with different configurations and spironucleosides of various heterdcycles.
Little attention has been given to the syntheses of sulfur-containing analdg\tethe same time,
sugar isothiocyanates are suitable starting materials for the synthesis of different glycocorfugates.
Recently we have used the reaction of 2-amino-2-demgticopyranose with glycosyl isothiocyanates
and with a 2-deoxy-2-isothiocyanato glucositiéor the preparation of imidazolM-nucleosides or 2-
pseudonucleosides, respectively.

The reaction of 1-(alkyl, aryl)amino-1-deoxy-ketoses with simple alkyl and aryl isothiocyanates gives
polyhydroxyalkylimidazoline-2-thiones. In only one case were two low-yielding spiro imidazolidines
isolated in addition to the imidazoline derivatit®Although an intermediate hydroxyimidazolidine has
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been proposéd in this reaction, never have such hydroxyimidazolidines been isolated or experimentally
detected.

In this paper, we describe the reactionmsfructosaminesl—4 with different sugar isothiocyanates
6-10to obtain chiral imidazolidine-2-thiond-nucleosided2-21 or pseudonucleosid@?, 23 (Scheme
1). Water -elimination and cyclodehydration of the prepared hydroxyimidazolidines are competitive
reactions. In the first case, compounds having simultaneously the structure N¢hacleoside and
of an acyclicC-nucleoside of imidazoline-2-thionéb, 30 are formed, whereas in the second case,
spironucleosides having aiglycosyl radical33-36 are obtained.
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Scheme 1.

2. Results and discussion

The reaction ofb-fructosamine acetaté with phenyl isothiocyanate in refluxing ethanol has been
studied previoushP and produced the imidazoline-2-thioéin 52% yield. Before studying the reaction
of the same aminosugar with sugar isothiocyanates, and with the aim of having a hydroxyimidazol-
idine as a model compound and establishing the experimental conditions to pMpardeosides
of imidazolidine-2-thiones, we have carried out the reactiord @fith phenyl isothiocyanat® under
different conditions. When the reaction was performed at room temperature in DMF, the 5-hydroxy-1-
phenylimidazolidine-2-thion&1 was obtained, as a pair of C-5 diastereomers, in practically quantitative
yield. The spectroscopic data (see Table 1 and the Experimental) of the mixture of diastetdomer
confirmed the proposed structure. Thus, the H-4a and H-4b protons of the imidazolidine ring resonated
as an AB system at 4.35-4.38 ppm, and the signal for C-2 appeared at 183.0 ppm as is described for
related imidazolidine-2-thionésand other thiourea. When the reaction of and5 was carried out
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at temperatures over 50°C, the descriSedphenyl-5-p-arabino-tetritol-1-yl)imidazoline-2-thion@4
was the main product. The unreportid and 13C NMR data of24 are included in Table 1 and the
Experimental.

The treatment of l-amino-1-deoxydructose 1, and of its N-methyl2, N-p-tolyl-3, and N-p-
ethoxyphenyd derivatives with glycosyl (2,3,5-tt®-benzoyl- -b-ribofuranosyl 6, 2,3,5-tri-O-
benzoyl- -b-xylofuranosyl 7, 2,3,4,6-tetrad@-acetyl- -D-glucopyranosyl8, and 2,3,4-tri©-benzoyl-

-D-ribopyranosyl9) isothiocyanates gives thid-nucleosides of imidazolidine-2-thiond2-21. The
same reaction starting from the aminofructodeand 3, and from the 2-deoxy-2-isothiocyanabe-
glucopyranosel(, produces the pseudd-nucleosides22 and 23, respectively. Compound$2-23
were obtained as pairs of diastereomers (C-5 imidazolidine ring) in almost quantitative yield. The
reactions were performed under the conditions establishetifaVhen the aminosugar wdsor 2, the
corresponding ammonium acetate was used and neutralisation was necessary, and the reaction times
were shorter (15-20 min) than in the casedNediryl derivatives3 and 4, where free bases were used
and the reaction times were 8-24 h. The spectroscopic data (Table 1 and the Experimental) of pairs of
diastereomer$2-17 and19-23 confirmed the proposed structures, whereas in the cak@aufetylation
to give 25 was necessary before the structural study (see below). The signals for the protons H-4a and
H-4b of 12-17 and 1923 appeared at 3.40—-4.86 ppm, and when the corresponding coupling constant
(2Ju,1) could be measured, the value was 11.0-11.9 Hz; C-2 of the imidazolidine ring resonated in the
interval 180.4—186.3 ppm in accord with reported #atéfor non-strained cyclic and acyclic thioureas.

The pseudoanomeric carbon C-5 resonated at 93.0—-99.0 ppm, showing a deshielding effect when this
resonance is compared with the corresponding data for isomeric adjacent hydroxy-polyhydroxyalky!
imidazolidinest! The mechanism of the reaction of aminosugars with isothiocyanates involves the
formation of an intermediate thioura” which cyclises to the hydroxyimidazolidine with formation of

a chiral centre (Scheme 2). The NMR datal@f24 did not permit the assignment of the configuration

of C-5, but assuming that, as in the case of thioureido derivativas-gificosaminé® Cranfs rule

for the steric control of the asymmetric induction is fulfilled, the major stereoisomeRisThe
nucleophilic attack of the NH on th& face of the carbonyl group to give th&®Stereoisomer involves

lower steric hindrance than the attack on tee€ace, due to the interaction between the OH on C-3

of the p-fructosamine and thhl-glycosyl radical. The same assignment is reached if the attack of the
NH follows a Burgi—Dunitz trajectory® The R:S ratio in compoundd1-23 is between 4:1 and 5:4,
indicating a second asymmetric induction due to Misugar radical. This induction is higher for the
glycosyl radicalsl11-21 than for the glucopyranos-2-yl radica®®2, 23. No changes in the specific
rotations or in the NMR spectra, of these pairs of diastereomers were observed when solutions in ethanol
and acetone were left for 24 h at 27°C.

The acetylation ofil8 with acetic anhydride and pyridine gave, after chromatography, the 5-hydroxy-
tetraacetoxybutyl derivativa5 and the elimination produ@6. Compound5 presented an IR absorption
at 3410 cm?® (OH group), and the values for the resonances of the protons of the butylic chain
confirmed the introduction of four acetyl groups. The configuration of C-5 could not be determined,
but is probablyR, as in18 the major stereocisomer isR5 Compound26 showed no signals for OH,
and showed resonances at 6.80C&) and 164.2 ppm=S), in agreement with reported d&tdor
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a) Reaction mechanism
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b) Diasteroselective induction
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Scheme 2.

imidazoline-2-thiones and with the corresponding values obtaine24fcrhe vicinal coupling constant
values of the protons of the-arabino-tetraacetoxybutyl chain showed that, in compou8snd 26,
the main conformation of this chain in solutions in chloroform is the pl&apnformation depicted in
the formulas. It is noteworthy that compourtds-23, 25, and26, in addition to beindN-nucleosides, are
acyclicC-nucleosides (Fig. 1).

The acid-catalysed dehydration of imidazolidink3-16 leads toN-nucleosides of imidazoline-2-
thione @7-31) or to resoluble mixtures of the imidazoline-2-thiorgs-29 and the spironucleoside
34-37 (Scheme 3)N-Nucleoside®7-31 are formed by -elimination of HO, and the yields are high
at room temperature. However, when the competitive formation of imidazoline-2-th2da@9 and
spiroimidazolidines84-37 is studied, the formation &7-29 increases with temperature. Conventional
acetylation of28 and 31 with acetic anhydride and pyridine afforded the corresponding @agetyl
derivatives32 and33. The structure of compoun@®y-31 was supported by their spectroscopic (IR,
and'3C NMR, and MS) data and those for the acetyl derivatB2and33. The resonances of H-4 and C-

2 of the imidazoline ring o27-33 had chemical shift values similar to those fgrand26, and very close

to reported data for 4-imidazoline-2-thion€<° The vicinal coupling constant values corresponding to
the protons of the-arabinotetraacetoxybutyl chain showed that this chain was, in acetone solutions,
an equilibrium of the planalP conformation (see formulas) and th€* conformation associated with

the chain-end flexibility described for otherarabino compoundg? In the case of the polyhydroxylic
nucleoside®7-31, the coupling constant values that could be measured are compatible with the same
conformational assignment.

The spironucleosideg4-37, also having structure d-nucleoside, are formed from compourigs-15
by cyclodehydration between the hydroxyl group on C-5 of the imidazolidine ring and the HO-3 of the
polyhydroxyalkyl chain. In all the cases, a mixture of the two epimers in C-5 was formed; from these
mixtures it was possible to isolate, as pure compounds, the major stereois¥n@bsand37, and in
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Fig. 1.

the case of thg-tolyl derivative, the minor stereocisom86, with 66% diastereoisomeric excess, was
also isolated. The spectroscopic dat84+37 supported the proposed structures. The protons H-9a and
H-9b resonated as doublet¥=(1.4-11.8 Hz) at values close to those for the corresponding protons

of the imidazolidinesl1-23 and 25 (Table 1), and the resonances of C-7 appeared at 98.2—-100.0 ppm,
also confirming the presence of the imidazolidine-2-thione ring. Spiro pyranoid isomeric structures were
ruled out because thH NMR spectra showed signals for a @BH group, where the OH resonated

as a double doublet or triplet. The configuration of C-5 was determined by NOE experiments. Thus, in
compounds34 and 35 (Fig. 2a) the signal for H-9a had an increase of 2% on irradiation of H-4 and of
1% on irradiation of G,0H; an increase of 5% in the signal of H{tibofuranose ring) on irradiation

of H-4 was also observed. These results confirmed Swohfiguration for the major reaction products.

The main spectroscopic differences between tisédmers 84, 35and37) and the Risomer that could

be isolated6) are: (a) the difference, , between the values for H-9a and H-9b (>0.56 f&isomers

and 0.22 for theR isomer) and (b) the chemical shifts for the resonances of the carbon C-5, whose
configuration changes, of the adjacent carbons C-4 and C-9, and also of C-7 &dhGfdranose ring)
(Table 1). Different conditions were studied for the dehydration reactioi2-€#3, and -elimination

and cyclodehydration were observed as competitive reactions; the formation of byproducts was also
observed; the results in the caseldfare summarised in Table 2. In all the cases, an acidic catalyst
was necessary, which supports a unimolecular mechanism through the stabilised cation indicated in Fig.
2b. This cation is formed by protonation of the OH group on C-5, and loss,6f. Hhe abstraction

of one proton of C-4 produces the elimination prod8&twhich is the more stable compound. Attack

of the hydroxyl group (C-3 of polyhydroxyalkyl chain) produces the cyclodehydration prod&esd

36 (paths a and b, respectively). Th8 §pironucleosid&5 predominates o036, as it comes from the
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CH,0H

13-16 and 19
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BzO OBz 34-37
Reagents and conditions. (i) 10 % TFA, EtOH, rt; (i) Dowex®50W-X8, EtOH, molecular sieve 4 A®, 45 °C, 4 h;
(iii) Ac0/Py
27 28 29 32 30 31 33
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attack on the opposite face to theDH," leaving group in the major sterecisomer bf. The best
conditions to obtain thé-nucleoside31 are shown in Table 2, entries 2 and 3. The best conditions
for the spironucleosidesand6 are shown in entry 7. Increasing temperature favours the formatidh of
(entries 8, 10, 12, and 13).

@ /‘ % (b)
R H
\N OH w

Fig. 2. (a) NOE experiments @4, 35; (b) intermediate cation for the-elimination and cyclodehydration



442 C. Gasch et al./ Tetrahedromisymmetry11 (2000) 435—-452

Table 2
Reaction conditions to obtaBb, 36
Entry Catalyst Solvent Temp.(°C) Time Ratio (a)
14:35+36:byproducts

1 F3CCO,H F3CCOzH rt 2h 61:0:49
2 F3CCO2H (10 %) EtOH rt 8h 90:7:3
3 F3CCO2H (10 %) EtOH 4 4 days 88:7:5
4 F3CCO2H (65 %) H,0 rt 2h 45:20:35
5 F3CCOZH (65 %) EtOH -30 6h 49:30:21
6 Dowex 50W-X8 EtOH rt - no reaction
7 Dowex S0W-X8 EtOH 45 4h 58:42:0
8 Dowex S50W-X8 EtOH 65 30 min 62:27:11
9 Dowex 50W-X8 EtOH:H»O 3:1 45 40 min 64:21:15
10 Dowex S0W-X8 DMF 45 30h 75:6:19
11 AcOH (30 %) EtOH rt (b) (b)
12 AcOH (20 %) EtOH 45 20h 65:32:3
13 AcOH (20 %) EtOH 65 15h 71:23:6

(a) Measured by digital integration of |H-NMR signals. (b) The starting material does not
disappear after 14 days.

3. Conclusion

The reaction ofb-fructosamine with glycosyl isothiocyanates and with a 2-deoxy-2-isothiocyanato
sugar is a convenient way to the stereoselective preparatidmatieosided1-21 or pseudonucleosides
22, 23 of chiral imidazolidine-2-thiones. Acid-catalysed dehydration reactions of these imidazolidine-
2-thiones are an inexpensive method for the stereocontrolled preparation of imidazolidine-2-thione
spironucleosides having aN-glycosyl subtituent34-37 and of imidazoline-2-thioné\-nucleosides
27-31. Either spironucleosides &-nucleosides were obtained depending on the catalyst, solvent and
temperature of reaction.

4. Experimental
4.1. General methods

Melting points are uncorrected. Optical rotations were measured for solutions in dichloromethane.
FT-IR spectra were recorded for KBr discs or thin filll NMR spectra (500 MHz) were obtained for
solutions in CDCG, DMSO-ds, MeOH-d4 or (CD3)2CO. Assignments were confirmed by homonuclear
2D COSY correlated and NOE experiment¥C NMR spectra were recorded at 125.7 MHz. Hetero-
nuclear 2D correlated spectra were obtained in order to assist in carbon resonance assignments. Mass
spectra (ElI and FAB) were recorded with Kratos MS-80RFA and Micromass AutoSpecQ instruments
with a resolution of 1000 or 10000 (10% valley definition). For the FAB spectra, ions were produced
by a beam of xenon atoms (6—7 KeV), using 3-nitrobenzyl alcohol and thioglycerol as matrix and Nal as
salt. TLC was performed on silica gel bz, with detection by UV light or charring with $80;. Silica
gel 60 (Merck, 70-230 and 230—-400 mesh) was used for preparative chromatography.

4.2. Preparation ofl1-25

Method a (for compoundkl-13, 17, 18, 20 and22): A solution of the corresponding amino fructose
acetaté? 1 for 11, 12,17, 20and22; 2 for 13and18(0.257 mmol) and 22 mg (0.257 mmol) NaHg®
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water (2.6 mL) at rt was gradually added to a stirred solution of 0.257 mmol of phenyl isothiocgdoate
11, 2,3,5-tri0-benzoyl- -d-ribofuranosyl isothiocyanaté? for 12 and13, 2,3,4,6-tetra@-acetyl- -D-
glucopyranosyl isothiocyana8#* for 17 and18, 2,3,4-tri-O-benzoyl- -b-ribopyranosyl isothiocyanate
925 for 20, and 1,3,4,6-tetr®-acetyl-2-deoxy-2-isothiocyanato-b-glucopyranosd 0?6 for 22in DMF
(2.6 mL). The solution was stirred at rt fomin and then concentrated. The residues were purified by
column chromatography to yield the products as amorphous solids.
Method b (for compounds4-16, 19, 21 and23): A solution of 1p-tolylamino-1-deoxyp-fructosé’

3 for 14, 16, 19, 21 and 23; 1-p-ethoxyphenylamina-deoxyD-fructosé’ 4 for 15 (0.257 mmol) in
DMF (2.6 mL) at rt, was gradually added to a stirred solution of 0.257 mmol of 2,3BHrenzoyl- -D-
ribofuranosyl isothiocyanaté?? for 14 and 15, 2,3,5-triO-benzoyl- -D-xylofuranosyl isothiocyanate
723 for 16, 2,3,4,6-tetra@-acetyl- -D-glucopyranosyl isothiocyanat®@?* for 19, 2,3,4-tri-O-benzoyl-

-D-ribopyranosyl isothiocyanai@ for 21, and 1,3,4,6-tetr&®-acetyl-2-deoxy-2-isothiocyanato-b-
glucopyranosel0?® for 23 in DMF (2.6 mL). The solution was stirred at rt farhours and then
concentrated. The residues were purified by column chromatography to yield the products as amorphous
solids.

4.2.1. (R,S)5-Hydroxy-1-phenyl-5&-arabinotetritol-1-yl)imidazolidine-2-thiond 1
R:S(3:1);t=15 min; chromatography eluent dichloromethane:methanol (15:1); yield 0.080 g (99%); IR
max 3295, 2930, 1591, 1545, 1499, 1400, 1084 and 1034'cAH NMR (MeOH-d;) 7.41-7.19 (m,
5H, Ph), 4.48 (d, 1HJ4a,45=12.3, H-4a), 4.35 (d, 1H, H-4b), 4.01 (dd, 18 4=0, Js0; 49=12.4, H-4a),
3.86 (m, 1H, H-8), 3.81 (dd, 2HJ» »=3.4, H-2), 3.70 (d, 1HJp0 »=9.7, H-?) and 3.62 (m, 1H, H-%)
ppm; 13C NMR (MeOH4d;) 183.0 (C-2), 132.4-129.3 (6C, Ph), 96.9 (C-5), 73.1 {iz-11.6 (C-3),
69.8 (C-2), 64.8 (C-4), 52.6 (C-4); FABMSM/z337 [M+Na]"; HRFABMS calcd for GzH1gN>OsSNa:
337.0834; found: 337.0846.

4.2.2. 5R,S)-5-Hydroxy-5-p-arabinotetritol-1-yl)-1-(2,3°,4°-tri- O-benzoyl- -D-ribofuranosyl)imida-
zolidine-2-thionel 2

R:S (4:1); t=15 min; chromatography eluent dichloromethane:methanol (15:1); yield 0.161 g (92%);
IR max 3339, 3065, 2928, 1723, 1560, 1510, 1451, 1316, 1269, 1105 and 1026'¢HMNMR (MeOH-
ds) 8.09-7.37 (m, 15 H, 3 Ar), 6.49 (bs, 1 H, H)15.80 (t, 1H,J» »=Jz »=5.0, H-3), 5.60 (bs, 1H,
H-2%), 4.65-4.56 (m, 3H, H¥% H-5’a, H-5b), 4.19 (d, 1HJ43,45=13.7, H-4a), 3.98 (dd, 1Hlgn 40,=1.0,
Jyo0a 40p=11.3, H-4%Q), 3.81 (ddd, 1HIx0 30=3.4,J300 g0,=1.7, H-3%), 3.76 (dd, 1HJy00 500=9.9, H-2?),
3.60 (dd, 1H, H-¥b) and 3.45 (d, 1H, H-4b) ppm?C NMR (MeOH4d,;) 185.7 (C-2), 167.7, 166.8,
166.7 (3C, £OPh), 134.7-129.6 (18C, 3 Ph), 98.9 (C-5), 87.7 {§;-19.9 (C-4), 75.5 (C-3), 73.0 (C-
3, 71.2 (C-2%, 70.9 (C-3%, 70.3 (C-19), 65.6 (C-8), 664.1 (C-4") and 51.4 (C-4) ppm; FABM$/z
683 [M+H]*, 705 [M+Na]"; HRFABMS calcd for G3H35N2012S: 683.1911; found: 683.1963. Anal.
calcd for G3H34N2012S: C, 58.06; H, 5.02; N, 4.10; S, 4.70. Found: C, 58.33; H, 5.14; N, 4.04; S, 4.38.

4.2.3. 5R,9)-5-Hydroxy-3-methyl-5g-arabinotetritol-1-yl)-1-(2,3°,4°-tri- O-benzoyl- -D-ribofuran-
osyl)imidazolidine-2-thion&3*®
RS (4:1); t=15 min; chromatography eluent dichloromethane:methanol (20:1); yield 0.150 g (84%);

IR max 3292, 2928, 1717, 1526, 1273, 1115 and 1020 ¥mMH NMR (Me,CO-ds)  8.06—7.30 (m,
15H, Ar), 6.91 (dd, 1HJp »=3.7, J0 =6.9, H-2), 6.41 (t, 1H,J% #=6.9, H-3), 5.93 (d, 1H, H-J),
4.77-4.68 (M, 2H, H%, H-8b), 4.60 (dt, 1H,Jp0 5= £,=5.0, H-4), 4.39 (d, 1H,d4a.45=12.0, H-

4a), 4.30 (dd, 1HJ50 00=1.2, Iy 5=5.7, H-?), 3.95 (td, 1H,Jp0 z30=J00 ,;0=8.0, H-2°), 3.77 (m,

1H, H-39), 3.73-3.58 (m, 2H, H%a, H-42%), 3.49 (d, 1H, H-4b) and 2.81 (s, 3H, @Hppm; 13C
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NMR (Me;CO-dg) 180.7 (C-2), 166.7, 165.9, 165.5 (3GCQGPh), 130.5-129.2 (18C, 3 Ar), 92.6
(C-5), 89.1 (C-), 78.9 (C-4), 73.4 (C-2), 72.7 (C-3%), 71.8 (C-29), 71.6 (C-3), 70.4 (C-19), 64.8
(C-5), 64.7 (C-49%), 58.0 (C-4) and 33.9 (CH) ppm; FABMSm/z719 [M+Na]"; HRFABMS calcd for
Cs4H36N2012SNa: 719.1887; found: 719.1920. Anal. calcd fayldzgN201,S: C, 58.61; H, 5.20; N,
4.02. Found: C, 58.81; H, 5.21; N, 4.01.

4.2.4. 5R,S)-5-Hydroxy-5-p-arabindetritol-1-yl)-3-p-tolyl-1-(2,3°,4°-tri- O-benzoyl- -b-ribofuran-
osyl)imidazolidine-2-thion&4%8

R:S (4:1); t=6 h; chromatography eluent dichloromethane:methanol (30:1); yield 0.184 g (93%); IR

max 3340, 2928, 1724, 1659, 1273, 1105 and 1026 triH NMR (Me,CO-dg+D,0)  8.02—7.15 (m,
19H, Ar), 6.94 (dd, 1HJp =3.3,d0 9=7.2, H-), 6.41 (t, 1H Jg 4=7.2, H-3), 4.76 (d, 1HJ4a,45=11.9,
H-4a), 4.74 (dd, 1HJp0 9,=4.7,J50a 95=13.3, H-8a), 4.68 (dd, 1HJp 5,=5.0, H-8b), 4.63 (M, 1H, H-
4%, 4.31 (d, 1H,Jp0 »0=1.2, H-¥%), 3.93 (dd, 1H,Jm =8.5, H-2%), 3.83 (d, 1H, H-4b), 3.78 (dd,
1H, Ja0 40,=3.6, Jg0, 40p=11.0, H-4%), 3.75 (m, 1H, H-¥), 3.62 (dd, 1H Jsw0 g0p=5.4, H-4%), 2.27
(s, 3H, ArCH;) ppm; 13C NMR (Me,CO-dg+D-0)  180.2 (C-2), 166.8, 165.9, 165.5 (3 GCAPh),
138.0-126.6 (24C, 4 Ar), 92.7 (C-5), 89.2 (€);179.0 (C-4), 73.5 (C-9), 72.6 (C-3), 71.8*, 71.5*
(2C, C-3, C-29), 70. 6 (C-1%), 64.7 (C-4%), 64.6 (C-8), 59.1 (C-4) and 21.0 (ArCk) ppm; FABMS
m/z 773 [M+H]*; HRFABMS calcd for GoH41N2012S: 773.2380; found: 773.2355. Anal. calcd for
C40H40N2015S: C, 62.17; H, 5.22; N, 3.63. Found: C, 62.62; H, 5.66; N, 3.48.

4.2.5. 5R,9)-3-p-Ethoxyphenyl-5-hydroxy-S¢arabindetritol-1-yl)-1-(2,3°,4°-tri- O-benzoyl- -D-
ribofuranosyl)imidazolidine-2-thion5°8

RS (7:3); t=3 h; chromatography eluent dichloromethane:methanol (30:1); yield 0.187 g (91%);
IR max 3314, 2928, 1732, 1651, 1514, 1273, 1103 and 1028 cAH NMR (Me,CO-ds+D-0)
8.06-6.91 (m, 19H, Ar), 6.97 (dd, 1By »=3.6,J» »=7.0, H-2), 6.45 (t, 1H,Jx »=7.0, H-3), 4.80 (d,
1H, Jsa,45=11.9 H-4a), 4.79 (dd, 1Hlp 5,=4.3, I, 9p=11.7, H-3a), 4.72 (dd, 1HJp p=5.5, H-5b),
4.65 (m, 1H, H-8), 4.41 (d, 1H Jy0 p<1, H-1%), 4.05 (q, 2H 33y 4=7.0, GH2CHg), 4.02-3.64 (m, 3H,
H-3%, H-4"a, H-4%b), 3.85 (d, 1H, H-4b) and 1.35 ppm (t, 3H, @EH3); 13C NMR (Me;CO-dg+D,0)

180.1 (C-2), 166.5, 165.7, 165.2 (3G;@Ph), 163.5-114.8 (24C, 4 Ar), 92.5 (C-5), 88.9 (§-78.7
(C-4), 73.2 (C-23), 72.4*, 71.6*, 71.3* (3C, C-3 C-2¢, C-39), 70.4 (C-19), 64.8 (C-8), 64.5 (C-4%),
64.0 CH>CHz), 59.2 (C-4) and 14.8 (C#CH3) ppm; FABMSm/z825 [M+Na]"; HRFABMS calcd for
Cs1H42N2013SNa: 825.2305; found: 825.2276. Anal. calcd fofl@42N2013S: C, 61.34; H, 5.27; N,
3.49; S, 3.99. Found: C, 61.24; H, 5.36; N, 3.54; S, 4.47.

4.2.6. 5R,S)-5-Hydroxy-5-p-arabindetritol-1-yl)-3-p-tolyl-1-(2,3°,5-tri- O-benzoyl- -b-xylofuran-
osyl)imidazolidine-2-thion&6?®

R:S(7:3);t=10 h; chromatography eluent dichloromethane:methanol (25:1); yield 0.176 g (89%); IR

max 3357, 2924, 1716, 1653, 1539, 1456, 1105 and 1066'chid NMR of Risomer (MeCO-de+D,0)

8.13-7.44 (m, 19H, 4 Ar), 7.12 (dd, 18y »=6.3,J0 30=2.5, H-2), 6.28 (d, 1H, H-1), 6.02 (dd, 1H,
Jz 0=5.9, H-3), 4.90 (ddd, 1HJp £,=6.4, 3 5,=5.6, H-4), 4.80 (dd, 1HJg, ,=11.6), 4.72 (d, 1H,
Jaaa=11.8, H-4a), 4.70 (dd, 1H, H%), 4.54 (d, 1HJg0 x0=1.2, H-17), 4.05 (dd, 1HJpn 0=8.1, H-
29), 3.80 (dd, 1H,Jzm 40,=4.0, Jg04 £0,=10.7, H-4%), 3.77 (d, 1H, H-4b), 3.73 (m, 1H, H%}, 3.68
(dd, 1H,Jz0 g0,5.2, H-4%) and 2.28 (s, 3H, ArCk) ppm;*3C NMR (Me,CO-ds+D,0) 185.1 (C-2),
171.1,170.6, 170.5 (3C,G0OPh), 143.2-130.9 (24C, 4 Ar), 97.3 (C-5), 93.3 (§-83.7 (C-3), 83.1 (C-
2%, 81.0 (C-4), 77.0 (C-3%), 75.5 (C-29), 74.3 (C-29), 68.6 (C-4%), 67.5 (C-8), 63.1 (C-4) and 25.2
(ArCH3s) ppm; FABMSm/z795 [M+Na]'; HRFABMS calcd for GoH4oN20O12SNa: 795.2200; found:
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795.2218. Anal. calcd for £gH40N2012S: C, 62.17; H, 5.22; N, 3.63. Found: C, 62.22; H, 5.01; N, 3.48.
!H NMR data ofSisomer (MeCO-dg+D,0) 8.13-7.44 (m, 19H, 4 Ar), 6.93 (d, 1Ky »=5.9, H-T),
6.74 (dd, 1HJx 50=2.3, H-2), 5.91 (dd, 1HJx =4.9, H-3), 4.86 (d, 1HJ4a 45=11.2, H-4a), 4.79 (m,
1H, H-#), 4.75 (dd, 1H)4 55=5.8,J504 9,=10.9, H-Ba), 4.70 (m, 1 H, H-%0), 4.70 (bs, 1H, H-%), 4.02
(dd, 1H,Jq00 0=0.6,J00 30=6.7, H-2Y), 3.78-3.73 (m, 2H, H®B, H-4%3), 3.77 (d, 1H, H-4b), 3.64 (m,
1H, H-4%) and 2.28 (s, 3H, ArCk) ppm;13C NMR (Me;CO-ds+D,0) 186.3 (C-2), 171.0, 170.5,
170.4 (3C, 3COPh), 143.2-130.9 (24C, 4 Ar), 98.3 (C-5), 94.7 (§-B3.8 (C-2), 82.1 (C-3), 80.8
(C-4), 77.7 (C-3Y), 77.1 (C-29), 75.4 (C-39), 68.3 (C-4%), 67.2 (C-8), 64.3 (C-4) and 25.2 (ArCH)
ppm.

4.2.7. (R,S)-5-Hydroxy-1-(2,3°,4°,6’-tetra-O-acetyl- -D-glucopyranosyl)-54¢-arabindetritol-1-yl)-
imidazolidine-2-thiond.7

R:S(3:1);t=15 min; chromatography eluent dichloromethane:methanol (6:1); yield 0.139 g (95%); IR

max 3356, 2959, 1750, 1543, 1454, 1427, 1371, 1233 and 1038;ctil NMR (Me,CO-dg+D,0)
5.87 (bs, 1H, H-9),5.34 (t, 1HJ» 3=Jg £=9.8, H-3), 5.02 (t, 1HJ4 5=9.8, H-4), 4.96 (t, 1H J0 »=9.8,
H-29%), 4.24 (dd, 1HJs 0,=4.7, Jg04 gp=12.4, H-Ba), 4.18 (bd, 1H, H-4a), 4.07 (dd, 1By ¢,=2,4, H-
6°b), 3.99 (ddd, 1H, H-H, 3.94 (dd, 1HJa0 0,=1.4, 40, 40,=12.4, H-4%a), 3.84 (m, 1H, H-¥), 3.79
(dd, 1H,J500 20=9.7,J0 50=3.4, H-27), 3.61-3.55 (m, 2H, H®, 4°b), 3.46-3.40 (m, 1H, H-4b), 2.03,
2.02, 2.01 and 1.97 (each s, each 3H, 4 Ac) ppi@, NMR (MeCO-ds+D,0) 185.3 (C-2), 171.1,
171.0, 170.5, 170.3 (each 1C,GDCHz), 98.5 (C-5), 84.6 (C9, 74.0* (C-3), 73.8* (C-8), 71.5
(C-1°%, 70.5 (C-2%, 70.0 (C-3%), 69.6 (C-9), 69.2 (C-4), 64.0 (C-4%), 62.7 (C-6), 51.0 (C-4) and
20.6-20.5 (4C, 4 COH3) ppm; FABMSm/z337 [M+Na]". Anal. calcd for GiH32N2014S: C, 44.36;
H, 5.67; N, 4.93. Found: C 43.98; H, 5.44; N, 4.66.

4.2.8. (R,9)-5-Hydroxy-3-methyl-1-(23°,4°,6°-tetra-O-acetyl- -D-glucopyranosyl)-54§-arabino-
tetritol-1-yl)imidazolidine-2-thiond 8°8

t=10 min; chromatography eluent (dichloromethane:methanol 20:1); yield 0.141 g (94%); FABMS
605 [M+Na]"; HRFABMS calcd for G,H34014N2SNa: 605.1628; found: 605.1654. This compound was
characterised as the tet@aacetyl derivative?s.

4.2.9. (R,9)-5-Hydroxy-1-(2,3°,4°,6’-tetra-O-acetyl- -D-glucopyranosyl)-54-arabindetritol-1-yl)-
3-p-tolylimidazolidine-2-thiond.9
R:S(4:1);t=3 days; chromatography eluent dichloromethane:methanol (20:1); yield 0.163 g (96%); IR

max 3474, 3032, 2936, 1751, 1431, 1375, 1229, 1090 and 1036;dtd NMR (MeOH-d;) 7.35-7.18
(m, 4H, Ar), 6.45 (d, 1HJp »=9.6, H-P), 5.77 (t, 1H,J» =9.6, H-2), 5.25 (t, 1H,Jp £=9.6, H-3),
5.12 (t, 1H,Jp £=9.6, H-4), 4.40 (m, 1H, H-8a), 4.40-4.10 (m, 1H, H-4a, H-4b), 4.16 (m, 1H, Mbp
3.96-3.88 (m, 1H, HY, 3.91 (dd, 1HJ500 0=8.7%, Jpn z0=1.0%, H-27), 3.82-3.76 (m, 1H, H%, 473),
3.68-3.60 (m, 2H, H™, 4%), 2.34 (s, 3H, ArCH), 2.04, 2.02, 1.99 and 1.97 (each s, each 3H, 4 Ac)
ppm;13C NMR (MeOHd,;) 182.8(C-2),172.5,171.8,171.3,171.2 (each 1COLHz), 139.0-127.4
(6C, Ar), 98.2 (C-5), 85.9 (C9, 76.2 (C-8), 75.9 (C-8), 72.4 (C-2), 72.3 (C-2%), 71.6 (C-8%), 71.3
(C-2, 69.0 (C-4), 64.8 (C-4°), 63.0 (C-8), 56.5 (C-4) and 21.1-20.5 (4C, 4 ©Bi3) ppm; FABMS
m/z681 [M+Na]". Anal. calcd for GgH3zgN2014S: C, 51.06; H, 5.82; N, 4.25. Found: C, 51.33; H, 5.74;
N, 3.89.
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4.2.10. 5R,S)-5-Hydroxy-5-p-arabindgetritol-1-yl)-1-(2,3°,4°-tri- O-benzoyl-ap-ribopyranosyl)-
imidazolidine-2-thion0

RS (3:1); t=30 min; chromatography eluent dichloromethane:methanol (15:1); yield 0.174 g (99%);
IR max 3391, 3065, 2924, 1726, 1443, 1346, 1275, 1103 and 1024;dH NMR (DMSO-ds) 8.68
(bs, 1H, NH), 8.00-7.40 (m, 15H, 3 Ph), 6.21 (bs, 1H, ®-6.10 (m, 1H, H-3), 5.49 (m, 1H, H-8),
5.33 (M, 1H, H-9), 4.14 (dd, 1HJp 5,=4.7, 50 9p=11.4, H-8a), 4.07 (m, 1H, H-%), 3.82-3.40 (m,
7H, H-4a, 4b, 10, 20, 3%, 494, %) ppm;*3C NMR (DMSO-ds) 185.7 (C-2), 165.0 (1 GCOPh),
164.5 (2C, 2COPh), 133.8-128.6 (18C, 3 Ph), 96.9 (C-5), 79.7 {§;-14.8 (C-1°), 69.8 (C-4), 69.3
(2C, C-3, 3%, 68.5 (C-2), 68.3 (C-2°), 63.0 (C-8), 62.0 (C-4°) and 55.9 (C-4) ppm; FABM#&/z705
[M+Na]*; HRFABMS calcd for G3H34N2012SNa: 705.1730; found: 705.1792.

4.2.11. 5R,S)-5-Hydroxy-5-p-arabindaetritol-1-yl)-3-p-tolyl-1-(2,3°,4°-tri- O-benzoyl- -D-ribopyran-
osyl)imidazolidine-2-thiong1%8

R:S (3:1); =32 h; chromatography eluent dichloromethane:methanol (15:1); yield 0.196 g (99%); IR

max 3391, 3065, 2924, 1726, 1605, 1443, 1373, 1275, 1103 and 102% ém NMR (DMSO-ds)
8.06-7.17 (m, 15H, 3 Ph), 7.04 (m, 1H, ¥}16.21 (m, 1H, H-8), 5.48-5.42 (m, 1H, H2 4°), 4.67
(d, 1H, Jsa45=11.3, H-4a), 4.33-4.28 (m, 1H, H%, 4.22 (dd, 1H,Jp 5,=6.6, J54 9p=13.2, H-3a),
4.10 (m, 1H, H-8b), 3.80 (t, 1H,Jq00 200=Jp00 50=8.3, H-20%), 3.74 (t, 1H, Jq00 200=Jp00 30=7.3, H-20%),
3.62-3.56 (m, 1H, H¥4a), 3.52-3.47 (m, 1H, H%), 3.44-3.41 (m, 1H, H¥%b) and 2.29 (s, 1H, ArCk)
ppm;13C NMR (DMSO<ds) 180.4 (C-2), 165.2, 165.1, 164.4, 164.3 (each 1CORN), 164.5 (2C, 2
COPh), 138.1-125.6 (18C, 3 Ph), 92.8 (C-5), 82.0 {§;-12.8 (C-1°), 71.2 (C-3%), 69.8 (C-2), 69.1
(C-3), 67.0 (C-4%, 66.9 (C-2Y), 63.3 (C-4%), 62.9 (C-8), 58.4 (C-4) and 20.6 (ABH3) ppm; FABMS
m/z795 [M+Na]'; HRFABMS calcd for GoH4oN2012SNa: 795.2200; found: 795.2194.

4.2.12. (R,S)-5-Hydroxy-1-(1,3°,4°,6°-tetra-O-acetyl-2-deoxy--D-glucopyranos-2-yl)-5-arabine
tetritol-1-yl)imidazolidine-2-thion@2

R:S (5:4); t=40 min; chromatography eluent dichloromethane:methanol (6:1); yield 0.142 g (97%);
IR max 3352, 2936, 1559, 1429, 1375, 1227, 1080 and 1040'¢cAH NMR (MeOH-ds) 5.75 (bs,
1H, H-1%, 5.25 (bs, 1H, H-9, 5.07* (t, 1H,J» 2=Jx £=9.9, H-3), 5.06 (t, 1H,J45=9.9, H-4), 4.28
(dd, 1H,Js @5=4.4, Jgha 9p=12.5, H-Ba), 4.11 (dd, 1HJs gp=4,4, H-6b), 3.97 (m, 1H, H-¥a), 3.93
(ddd, 1H, H-8), 3.83 (m, 1H, H-¥), 3.79 (dd, 1HJ;0 00=9.7, Jy00 30=3.4, H-27), 3.55 (d, 1H, H-19),
3.68-3.52 (m, 3H, H%4b, H-4a, H-4b), 2.15, 2.11, 2.10, 2.08, 2.05, 2.01, 2.00 and 1.99 (each s, each
3 H, 8 Ac) ppm;13C NMR (MeOH-4d;) 184.5(C-2),172.3,172.2,171.2,171.1, 171.0 (each 1C, C-2
and 4COCHg), 99.1 (C-5), 94.0 (C9, 74.4 (C-3), 73.7 (C-8), 71.0* (C-39), 70.8* (C-29), 69.6 (3
C,C-3,4, 1%, 64.7 (C-4%, 63.0 (2 C, C-4, C-H, and 20.9, 20.7, 20.6 and 20.5 (4C, 4 Cid) ppm;
FABMS m/z591 [M+Na]"; HRFABMS calcd for G1H32N2014SNa: 591.1472; found: 591.1491.

4.2.13. (R,9)-5-Hydroxy-1-(1,3°,4°,6’-tetra-O-acetyl-2-deoxy--D-glucopyranos-2-yl)-3-tolyl-
5-(p-arabindetritol-1-yl)imidazolidine-2-thion@3
RS (5:4);t=4 days; chromatography eluent dichloromethane:methanol (6:1); yield 0.142 g (97%); IR
max 3352, 2936, 1559, 1429, 1375, 1227, 1080 and 1040'¢chid NMR (MeOH-d;) 7.37-7.09 (m,
4H, Ar), 6.46 (d, 1HJp 2=9.5, H-P), 5.77 (t, 1H J» =9.5, H-2), 5.25 (t, 1HJy »=9.5, H-3), 5.12 (t,
1H, Jp £=9.5, H-4), 4.41 (dd, 1HJg ¢,=4.0, g2 §p=12.3, H-8a), 4.34 (bs, 1H, H¥), 4.25 (dd, 1H,
Ja0 g00,=4.7,J 4005 40p=12.4, H-4Q), 4.15 (dd, 1HJs g,=2.2, H-6b), 4.04 (dd, 1H,Jz0 p0,=2.2, H-4%),
3.92-3.86 (m, 1H, H{ 39), 3.92-3.79 (m, 1H, HY), 3.66, (d, 1HJ4a,45=7.0, H-4a), 3.60 (d, 1H, H-
4b), 2.37, 2.34 (each s, each 3H, 2 Arg}|2.05, 2.04, 2.02, 2.01, 1.99, 1.98, 1.97 and 1.94 (each s, each
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3H, 4 Ac) ppm;13C NMR (MeOHd;) 180.9 (C-2), 172.5, 171.8, 171.3, 171.2 (each, 1CQOLCHs),
138.7-126.2 (6C, Ar), 93.7 (C-5), 84.6 (¢)173.0 (C-3), 63.4 (C-8), 71.3 (C-2), 72.0 (C-2%), 70.9
(C-3%, 70.6 (C-2%), 68.3 (C-4), 63.0 (C-4%), 62.6 (C-8), 58.2 (C-4) and 21.6-21.1 (5C, ArGH4
COCH3) ppm; FABMSm/z681 [M+Na]'; HRFABMS calcd for GgHag N2O14SNa: 681.19415; found:
681.19781.

4.3. (R,S)-5-Hydroxy-3-methyl-1-23°,4°,6’-tetra-O-acetyl- -D-glucopyranosyl)-5-(%,200,3%0 4%.
tetra-O-acetylD-arabindetritol-1-yl)imidazolidine-2-thione25?® and 3-methyl-1-23°,4°,6’-tetra-O-
acetyl- -p-glucopyranosyl)-5-®,2°,3%,4%-tetra-O-acetylD-arabindetritol-1-yl)-4-imidazoline-2-
thione26

CompoundL8(0.257 mmol) was dissolved in dry pyridine (1.2 mL) at 0°C, acetic anhydride (0.95 mL)
was added and the solution was left at rt for 8 days; column chromatography (dichloromethane:methanol
60:1) of the residue ga&b (0.050 g, 26%) an@6 (0.138 g, 73%) as amorphous solids.

Compound25 had IR max 3410, 2958, 1753, 1441, 1371, 1223, 1099 and 1044'cAH NMR
(CDCls)  6.25 (d, 1H,Jp0 »=9.4, H-T), 5.86 (d, 1H,Jy0 0=2.2, H-1%), 5.68 (dd, 1HJx0 50=7.7, H-
200),5.46 (t, 1HJ» $=9.4, H-2), 5.38 (t, 1HJx 9=9.4, H-3), 5.17 (t, 1H Jp 5=9.4, H-4), 5.13 (td, 1H,

Ja00 g905=2.8,J50 0p,=7.7, H-3Y), 4.40 (dd, 1HJs g,=4.5,J¢03 9b=12.5, H-Ba), 4.29 (dd, 1HJx g,=2.4,
H-6b), 4.25, (d, 1HJ)4a,45=12.0, H-4a), 4.17 (dd, 1K, £0,=12.3, H-4%a), 3.97 (ddd, 1H, HY, 3.94

(dd, 1H, H-4%), 3.17 (d, 1H, H-4b), 2.15, 2.13, 2.09, 2.06, 2.04, 2.02, 2.01 and 2.00 (each s, each 3H,
8 Ac) ppm;13C NMR (CDCk) 180.3 (C-2), 170.8, 170.4, 170.0, 169.4, 168.2 (each 1CQEHs),

169.6 (3C, 3COCHg), 91.6 (C-5), 85.0 (CY, 75.1 (C-8), 73.9 (C-2), 72.6 (C-8), 72.4 (C-1°), 68.7

(2, C, C-4, 2%, 67.8 (C-3), 62.3 (C-49%), 61.7 (C-6), 59.3 (C-4), 29.6 (N=H3) and 20.8-20.3 (8C, 8
COCH3) ppm; FABMSm/z773 ([M+Na]"); HRFABMS calcd for GoH42N2018SNa: 773.2051; found:
773.2058.

Compound26 had [ ]&° +35 (¢ 0.8); IR max 2953, 1750, 1439, 1373, 1217, 1098 and 1040 m
H NMR (CDCl) 6.80 (s, 1H, H-4), 6.62 (d, 1H}j0 0=4.7, H-¥°), 6.45 (d, 1H,Jp »=9.2, H-T),
5.53-5.43 (m, 3H, H2 3, 20), 5.20-5.13 (m, 2H, HY 3?), 4.45 (dd, 1HJg 65=6.3, Jeoa ¢p=12.5,
H-6%a), 4.21 (dd, 1HJs gp=2.5, H-6b), 4.16 (m, 1H, H-¥a), 3.98-3.92 (m, 1H, H%b), 3.54 (s, 3H,
N-CHg), 2.17,2.15, 2.13,2.12, 2.07, 2.03, 2.01 and 1.93 (each s, each 3H, 8 Ac)¥bNIR (CDCh)

170.4,170.3, 170.0, 169.6, 169.5, 169.3, 169.1, 168.7 (each COBs), 164.2 (C-2), 124.3 (C-5),
119.6 (C-4), 84.4 (C%, 75.2 (C-8), 72.0 (C-3), 70.9 (C-2%), 70.1 (C-2), 68.8 (C-4), 68.1 (C-3),

62.8 (C-1%), 61.8 (C-8), 61.7 (C-47), 35.2 (N-CH3) and 20.7-20.4 (8C, 8 GQTH3) ppm; FABMSm/z
755 ([M+Na]"; HRFABMS calcd for GoH4oN2017SNa: 755.1945; found: 755.1975.

4.4. General procedure for the preparation2#31

A solution of the corresponding imidazoliding3-16 and 19 (0.200 mmol) in trifluoracetic
acid—ethanol (1:9) was kept at rt forours. The acid was eliminated by repeated evaporations with
ethanol and the residue was purified by column chromatography.

4.4.1. 3-Methyl-54§-arabindgetritol-1-yl)-1-(2,3°,5°-tri- O-benzoyl- -p-ribofuranosyl)-4-imidazoline-
2-thione27%8 from 13

t=0.5 h; chromatography eluent dichloromethane:methanol (35:1); yield 0.087 g (65]%5); [27
(c 0.8); IR max 3366, 2928, 1724, 1680, 1273, 1113, 1072 and 1030'cAH NMR (Me>CO-dg)
8.06-7.36 (m, 15H, 3 Ar), 7.12 (s, 1H, H-4), 7.05 (d, 1H,»=5.2, H-?), 6.56 (dd, 1H,J» =7.0,
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H-29%), 6.14 (t, 1H,J9 »=7.0, H-3), 5.29 (d, 1H,Jy0 1,0=8.2, H-19), 4.85 (d, 2H,Jp 515=J40 50,=5.5, H-
43, 8b), 4.74 (m, 1H, H-8), 3.87 (t, 1H,J30 1o=Jpm 20=7.0, H-2%), 3.77 (m, 2H, H-¥, H-43), 3.67
(m, 1H, H-4%) and 2.82 (s, 3H, Ck) ppm;13C NMR (MeCO-ds) 170.9 (C-2), 170.0 (2C 2 COBz,
169.9, (1C, COBz), 138.5-133.3 (19C, 3 Ar and C-5), 123.1 (C-4), 94.9Y®4.3 (C-4), 78.4* (C-2),
78.3* (C-29), 76.4 (C-3Y), 75.8 (C-3), 69.3 (C-8), 69.1 (C-4%), 68.4 (C-1°) and 39.1 (CH); FABMS
m/z701 ([M+Na]"; HRFABMS calcd for G4H34N2011SNa: 701.1781; found: 701.1771. Anal. calcd for
Cs4H34N>011S: C, 60.17; H, 5.05; N, 4.13. Found: C, 59.90; H, 5.17; N, 4.03.

4.4.2. 5-p-arabindetritol-1-yl)-1-34-Tolyl-(2,3*,5°-tri- O-benzoyl- -D-ribofuranosyl)-4-imidazoline-
2-thione28?® from 14

t=8 h; chromatography eluent (dichloromethane:methanol 30:1); yield 0.116 g (77%); [32 (
0.7); IR max 3393, 3061, 2924, 1724, 1653, 1547, 1406, 1354, 1111, 1069 and 1030 ¥#hNMR
(MexCO-ds+D20) 8.02-7.27 (m, 19H, 4 Ar), 7.24 (s, 1H, H-4), 7.12 (d, Dd,»=5.1, H-?), 6.60 (dd,
1H,J2°,3°0=7.3, H-2), 6.14 (t, 1H Jx £=7.3, H-3), 5.31 (bs, 1H, H-¥), 4.85 (d, 2HJp £,=Jp 5,=5.6,
H-4%a, 8b), 4.76 (m, 1H, H-%), 3.89 (dd, 1HJy0 x0=1.4,J0 50=8.0, H-27), 3.76 (m, 1H, H-¥), 3.76
(dd, 1H,Jz0 40,=3.5,J40, 40,=12.5, H-4%a), 3.64 (dd, 1HJz0 00,=6.7, H-4%) and 2.34 (s, 3H, ArCk)
ppm;13C NMR (MexCO-dg+D,0) 166.8 (C-2), 165.9, 165.7, 165.5 (each 1G33Bz), 138.8-129.2
(25C, 4 Ar and C-5), 118.9 (C-4), 90.7 (¢)}179.8 (C-4), 73.9 (C-9), 73.3 (C-2%), 71.8 (C-3), 71.5
(C-3), 65.0 (C-8), 64.4 (C-49), 63.9 (C-1°) and 21.0 (ArCH); FABMS m/z755 ([M+H]*) HRFABMS
calcd for GgH39N2011S: 755.2275; found: 755.2276.

4.4.3. 3p-Ethoxyphenyl-5g-arabindetritol-1-yl)-1-(2,3°,5°-tri- O-benzoyl- -D-ribofuranosyl)-4-
imidazoline-2-thion@%® from 15

t=0.5 h; chromatography eluent dichloromethane:methanol (70:1); yield 0.109 g (70}%); [28 (c
0.9); IR max 3314, 2924, 1724, 1680, 1545, 1273, 1103, 1072 and 1038:ctH NMR (Me,CO-dg)

7.99-6.98 (m, 19H, 4 Ar), 7.22 (s, 1H, H-4), 7.18 (d, 1kh,»=5.1, H-P), 6.59 (dd, 1HJ» »=7.1,
H-2%, 6.15 (t, 1H,J9 0=7.1, H-3), 5.37 (d, 1H,Jy0 40=8.5, H-7), 4.87 (d, 2H,Jp 5,=Jp £,=5.7,
H-4%a, 9b), 4.80 (m, 1H, H-%, 4.09 (g, 2H,3J4 4=7.0, GH,CHzg), 3.95 (dd, 1H J50 jo=Jx0 40=6.9,
H-2%0), 3.80-3.75 (m, 2H, H®, H-403a), 3.68 (m, 1H, H-%¥b) and 1.37 (t, 1H, CbCH3) ppm; 13C
NMR (Me;CO-ds) 166.7 (C-2), 166.3, 165.9, 165.7 (each 1GZ@Bz), 138.8-115.3 (25C, 4 Ar and
C-5), 119.0 (C-4), 90.9 (CY, 80.1 (C-4), 74.2 (C-3), 73.8 (C-2%), 72.0 (C-8%), 71.5 (C-3), 65.1
(C-5), 64.9 (C-4°, 64.4 CH,CHg), 64.3 (C-2%) and 15.0 (4 (CHCHz); FABMS m/z807 ([M+NaJ);
HRFABMS calcd for GiH4oN2012SNa: 807.2200; found: 807.2249. Anal. calcd fafd4oN2015S: C,
62.75; H, 5.14; N, 3.57; S, 4.08. Found: C, 62.87; H, 5.33; N, 3.55; S, 4.57.

4.4.4. 5-p-arabindetritol-1-yl)-3-p-Tolyl-1-(2,3°,5-tri- O-benzoyl- -D-xylofuranosyl)-4-imidazoline-
2-thione3078 from 16

t=15 h; chromatography eluent dichloromethane:methanol (40:1); yield 0.105 g (70p&):+35 (€
0.7); IR max 3315, 2936, 1722, 1514, 1454, 1366, 1269, 1072 and 1028 ;ct NMR (Me,CO-
de+D20)  8.31-7.25 (m, 19H, 4 Ar), 7.31 (d, 1Hp »=6.1, H-P), 7.30 (s, 1H, H-4), 6.46 (dd,
1H, J» »=1.7, H-2), 6.10 (dd, 1HJ» »=5.2, H-3), 5.69 (bs, 1H, H-?), 5.07 (ddd, 1HJyp 5,=7.5,
Jo 9,=4.4, H-4), 4.97 (dd, 1HJs, 9p=11.7, H-4a), 4.83 (dd, 1H, H-%), 3.99 (dd, 1HJy0 50=1.5,
Joo 30=8.2, H-27), 3.90-3.85 (m, 2H, H%, H-4"a), 3.76 (dd, 1HJs0 40,=5.1, 0, 40,=10.7, H-4%b)
and 2.36 (s, 3H, ArCk) ppm;3C NMR (Me,CO-dg+D,0O) 170.7, 170.6, 170.4, 170.1 (each 1C, 3
COBz, C-2), 142.9-130.9 (25C, 4 Ar and C-5), 123.6 (C-4), 94.9C8b.5 (C-2), 83.1 (C-3), 82.4
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(C-4), 78.7 (C-29), 76.3 (C-89), 69.2 (C-4%), 68.2 (C-1°), 67.3 (C-8) and 25.3 (ArCH); FABMS m/z
755 [M+H]*"; HRFABMS calcd for GoH3gN2011S: 755.2275; found: 755.2249.

4.45. 1-(3,3,4,6'-Tetra-O-acetyl- -D-glucopyranosyl)-54-arabindetritol-1-yl)-34-tolyl-4-imida-
zoline-2-thione31 from 19

t=24 h; chromatography eluent dichloromethane:methanol (30:1); yield 0.087 g (68]%%12 (o
1.0); IR max 3447, 2930, 1748, 1514, 1418, 1370, 1229, 1109 and 104Z;cthi NMR (Me,CO-
de+D20) 7.38-7.25(m, 4H, Ar), 7.14 (s, 1H, H-4), 6.68 (d, 11, »=9.3, H-T), 5.80 (t, 1H J» =9.3,
H-2%, 5.50 (t, 1H,J3 £=9.3, H-3), 5.42 (bs, 1H, H-¥), 5.18 (t, 1H,Jp £=9.3, H-4), 4.40 (dd, 1H,
J50 2=5.7, Jgra §p=12.3, H-8a), 4.23 (ddd, 1HJx ,=1.9, H-4), 4.18 (dd, 1H, H-), 3.81-3.69 (m,
3H, H-20, 3%, 4%3), 3.63 (dd, 1HJg0 40,=5.8,J4004 £0,=10.2, H-4%), 2.33 (s, 3H, ArCH), 2.03, 2.02,
1.96 and 1.89 (each s, each 3H, 4 CQEHpm; *C NMR (Me,CO-dg+D,0) 171.7, 170.7, 170.6,
170.5 (each 1C, €OCH), 165.2 (C-2), 138.9-126.7 (7C, 1 Ar and C-5), 119.8 (C-4), 85.1%C75.6
(C-5), 73.4 (C-8), 73.3 (C-2%), 72.2 (C-3), 71.9 (C-3), 68.9 (C-4), 64.4 (C-4), 64.2 (C-19), 63.0
(C-6"), 20.9 (ArCH), 20.7, 20.6, 20.5 and 20.4 (4 COgHFABMS m/z641 [M+H]*; HRFABMS calcd
for CogH37N2013S: 641.2016; found: 641.2021.

4.5. Acetylation of compoun@8and31

The imidazoline28 and31 (0.100 mmol) were dissolved in dry pyridine ( 0.5 mL) at 0°C and acetic
anhydride was then added. The solution was kept at 4°C for 24 h, worked up by the conventional method,
and purified by column chromatography to give the corresponding deriv82asd33, respectively, in
quantitative yield.

4.5.1. 5-(20,200 30 49_Tetra-O-acetylb-arabindetritol-1-yl)-3-tolyl-1-(2,3°,5°-tri- O-benzoyl- -b-
ribofuranosyl)-4-imidazoline-2-thion@228

Chromatography eluent ether: hexane (3:2]2Df 43 (€ 1.0); IR 1ax3061, 2924, 1740, 1651, 1516,
1406, 1369, 1103, 1068 and 1030 cin'H NMR (Me>CO-dg) 8.06—7.29 (m, 19H, 4 Ar), 7.37 (s,
1H, H-4), 7.12 (d, 1HJy »=5.5, H-T), 6.40 (dd, 1HJ2°,3’=7.4, H-2), 6.32 (d, 1HJy00 00=4.1, H-10),
6.14 (t, 1H,Jp p=7.4, H-3), 5.73 (dd, 1HJx0 50=7.9, H-27), 5.31 (ddd, 1HJz0 0,=2.7,J500 400,=5.8,
H-3%), 5.00 (dd, 1HJ 505=4.4, J50, 9,=11.8, H-4a), 4.93 (dd, 1HJ 5,=6.4, H-4b), 4.86 (ddd, 1H,
H-4%), 4.27 (dd, 1H,Jp0, 40,=12.4, H-4%), 4.12 (dd, 1H, H-¥b), 2.37, (s, 3H, ArCH), 2.11, 2.08,
2.06 and 1.88 (each s, each 3H, 4 CQLppm;13C NMR (Me;CO-ds) 170.6 (2C, 22OCHg), 170.3,
169.9 (each 1C, 2 COGHl 166.6 (C-2), 166.5, 165.7, 165.6 (each 1G3@Bz), 139.2-125.9 (25C, 4
Ar and C-5), 120.7 (C-4), 90.5 (CY1 80.2 (C-4), 73.9 (C-9), 71.2 (C-3), 70.5 (C-39), 70.1 (C-39),
65.7 (C-1%, 64.9 (C-8), 62.7 (C-49%), 21.1, 20.9, 20.7, 20.6 and 20.5 (5C, 4 Cidx, ArCHs); FABMS
m/z923 [M+H]*, 945 [M+Na]'; HRFABMS calcd for GgH4sN2015SNa: 945.2516; found: 945.2524.

4.5.2. 5-(°,200 300 4%_Tetra-O-acetyld-arabinaetritol-1-yl)-1-(2,3°,4°,6’-tetra-O-acetyl- -b-gluco-
pyranosyl)-3p-tolyl-4-imidazoline-2-thion&3

Chromatography eluent dichloromethane:methanol (100:1g°[+1 (¢ 0.7); IR max 2953, 1734,
1653, 1541, 1456, 1103 and 1061 cm!H NMR (MexCO-dg)  7.31 (m, 4H, Ar), 7.28 (s, 1H, H-
4), 6.74 (d, 1HJg0 20=4.0, H-?), 6.63 (d, 1H,Jp0 2=9.3, H-P), 5.66 (t, 1H,J» =, I3 £=9.3, H-3),
5.53 (dd, 1HJ0 0=8.9, H-2?), 5.23 (ddd, 1HJz0 =2.6,J30 40,=6.2, H-3°), 5.22 (t, 1H,Jp £=9.3,
H-49%), 4.50 (dd, 1HJ5 §5=6.4,J¢02 9p=12.2, H-8a), 4.43 (ddd, 1HJs p=2.5, H-4), 4.26 (dd, 1H, H-
6°b), 4.25 (dd, 1H)4m, 40p=12.4, H-4%Q), 4.16 (dd, 1H, H-®b), 2.37 (s, 1H, ArCH), 2.13, 2.11, 2.08,
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2.07, 2.06, 2.00, 1.95 and 1.87 (each s, each 3H, 8 Ac) ppBINMR (Me,CO-dg) 170.8, 170.7,
170.4,170.3,170.2, 170.1, 169.8, 169.7 (each 1CO&Hs), 166.9 (C-2), 139.3-126.2 (7C, Ar, C-5),
121.2 (C-4), 85.2 (C%, 75.9 (C-8), 72.6 (C-8), 72.4 (C-3), 71.1 (C-2Y), 69.5 (2C, C-4, C-39), 64.2
(C-1%), 63.2 (C-8), 62.9 (C-4°) and 21.2-20.5 (8C, 8 QCH3 ArCHg3) ppm; FABMSm/z809 [M+H]*,
831 [M+Na]"; HRFABMS calcd for GeH45N2017SNa: 809.2439; found: 809.2447.

4.6. General procedure for the preparation3#-37

The corresponding imidazolidinE3-15 (0.200 mmol) was dissolved in dry ethanol (0.5 mL), and
Dowex® 50 W-X8 (1.0 m equiv.) resin and molecular sieves were added. The mixture was heated at
45°C fort hours. The resin was filtered off and the solution was concentrated. The residue was purified
by column chromatography.

4.6.1. (R,3S,4S,55)-3,4-Dihydroxy-2-hydroxymethyl-8-methyl-7-thioxo-8;825-tri- O-benzoyl- -D-
ribofuranosyl)-1-oxa-6,8-diazaspiro[4,4]nonaBd from 13

t=2 h; chromatography eluent dichloromethane:methanol (30:1); yield 0.023 g (17%); [33 (c
0.5); IR max3564, 2924, 1716, 1645, 1516, 1454, 1315, 1105, 1062 and 1028 &mNMR (500 MHz,
Me,CO-ds) 8.07-7.27 (m, 15H, Ar), 6.90 (dd, 18y »=3.9,J0 »=7.1, H-2), 6.34 (dd, 1HJx p=7.4,
H-3%, 5.74 (d, 1H, H-%), 5.35 (d, 1HJ4,01=5.1, HO-4), 4.74 (dd, 1Hlp 505=4.4,J504 5pb=11.8, H-3a),
4.71 (d, 1H,J304=4.8,HO-3), 4.67 (dd, 1HJp p=5.4, H-Bb), 4.59 (ddd, 1H, HY, 4.59 (d, 1H,
Joa,05=11.8, H-9a), 4.44 (dd, 1Hj;3 4=8.2, H-4), 4.07 (td, 1HJ> 3=8.0, H-3), 3.89 (td, 1HJ2 cH20=2.8,
H-2), 3.54 (d, 1H, H-9b), 3.83 (t, 1HlcH,0n=6.0, CHOH), 3.44 (m, 2H, Gi,0H) and 3.10 ppm (s,
3H, Me); 13C NMR (125.7 MHz, MeCO-ds) 180.7 (C-7), 166.6, 165.6, 165.5 (3 CO), 134.1-129.2
(18C, Ar), 98.9 (C-5), 89.1 (CY, 82.6 (C-2), 78.8 (C-4,%, 73.8 (C-3), 72.8 (CY, 71.5 (C-3), 64.8
(C-%), 60.9 (CHOH), 56.7 (C-9) and 33.8 ppm (Me). FABM8/z701 [M+Na]"; HRFABMS calcd for
Cs4H34N201:SNa: 701.1781; found: 701.1744. Anal. calcd falds34N20,11S: C, 60.17; H, 5.05; N,
4.13; S, 4.72. Found: C, 60.29; H, 5.33; N, 4.03; S, 5.49.

4.6.2. (R,3S,4S,55)-3,4-Dihydroxy-2-hydroxymethyl-7-thioxo-0lyl)-6-(2,3°,5°-tri- O-benzoyl-

-D-ribofuranosyl)-1-oxa-6,8-diazaspiro[4,4]nonaB® and (R,3S,4S,5R)-3,4-dihydroxy-
2-hydroxymethyl-7-thioxo-{tolyl)-6-(2,3,5-tri- O-benzoyl- -D-ribofuranosyl)-1-oxa-6,8-
diazaspiro[4,4]nonan&6 from 14

t=4 h; column chromatography (dichloromethane:methanol 40:1) of the residue3§4ve.060 g,
40%, d.e. 100%) and6 (0.009 g, 7%, d.e. 66%). CompouB8had [ 13 62 (€0.7); IR max 3649,
2924, 1717, 1653, 1541, 1489, 1103 and 1067 mH NMR (Me,CO-dg)  8.07—7.20 (m, 19H, Ar),
6.91 (dd, 1HJp 5=3.8,J0 =7.2, H-2), 6.34 (t, 1H,J» »=7.2, H-3), 5.87 (d, 1H, H-1), 5.49 (d, 1H,
Ja.0K=5.2, HO-4), 4.77 (dd, 1H), §5=4.2, J52 5,=11.8, H-8a), 4.74 (d, 1HJ3 01=5.0, HO-3), 4.70
(dd, 1H,Jp 5,=5.3, H-3b), 4.65 (ddd, 1H, H-Y, 4.55 (dd, 1HJ3 4=8.2, H-4), 4.51 (d, 1HJoa or=11.4,
H-9a), 4.12 (td, 1HJ,3=8.2, H-3), 3.95 (d, 1H, H-9b), 3.94 (td, 1B, cH,0n=2.8, H-2), 3.86 (dd, 1H,
Jch,,0H=6.7 and 5.4, CHOH), 3.48 (m, 2H, ®&1,0H) and 2.32 ppm (s, 3H, Me}3C NMR (Me;CO-dg)

179.8 (C-7), 166.6, 165.6, 165.5 (3 CO), 138.4-126.4 (24C, Ar), 98.9 (C-5), 89.% (8218 (C-2),
79.2 (C-4), 78.9 (CY9, 73.8 (C-3), 72.7 (C, 71.4 (C-3), 64.8 (C-8), 60.9 (CHOH), 57.7 (C-9) and
21.0 ppm (Me); FABMSm/z 755 ([M+H]*), 777 [M+Na]"; HRFABMS calcd for GoH3gN20O11SNa:
777.2094; found: 777.2099. Compougf hadH NMR (Me,CO-dg) 8.07-7.21 (m, 19H, Ar), 7.00
(dd, 1H, Jp »=3.3, Ip 9=7.3, H-2), 6.44 (t, 1H,J »=7.3, H-3), 5.87 (bs, 1H, H-9), 5.08 (d, 1H,
Ja,0r=5.1, HO-4), 4.81 (d, 1HJ3 04=4.6, HO-3), 4.76 (dd, 1H)p 5,=3.8, Jsa 9p=11.7, H-3a), 4.65
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(dd, 1H,Jp ,=6.4, H-8b), 4.56 (ddd, 1H, H-Y, 4.34 (dd, 1HJ;3 4=6.5, H-4), 4.43 (m, 1H, H-3), 4.33
(d, 1H,J9a,05711.7, H-9), 4.11 (d, 1H, H-9b), 3.93 (dd, 1Hcp, 04=9.1 and 2.4, CHOH), 3.85 (m, 2H,
H-2), 3.73 (m, 1H, CHIOH) and 2.33 ppm (s, 3H, Me}C NMR (125.7 MHz, MeCO-dg)  181.2
(C-7), 166.6, 165.7, 165.5 (3 CO), 137.2-126.4 (24C, Ar), 100.0 (C-5), 91.6)(BA.7 (C-2), 82.0
(C-4), 78.7 (C-8), 75.5 (C-3), 73.5 (C9, 71.0 (C-3), 65.0 (C-8), 62.2 (C-9), 61.2 (CKOH) and 21.0
ppm (Me); FABMSm/z755 [M+H]*, 777 [M+NaJ .

4.6.3. (R,3S,4S,59)-8-(p-Ethoxyphenyl)-3,4-dihydroxy-2-hydroxymethyl-7-thioxo %% Z’-tri- O-
benzoyl- -D-ribofuranosyl)-1-oxa-6,8-diazaspiro[4,4]nonaB& from 15

t=3.5 h; chromatography eluent (dichloromethane:methanol 70:1); yield 0.025 g (16}%5; Fl(c
0.5); IR max 3649, 2924, 1740, 1645, 1514, 1456, 1103 and 1001¢chH NMR (500 MHz, MeCO-
ds) 8.07-7.30 (m, 19H, Ar), 6.97 (dd, 1R »=3.9,J» »=7.2, H-2), 6.35 (t, 1H,Jp £=7.2, H-3),
5.86 (d, 1H, H-1), 5.51 (d, 1H,J4,0+=5.0, HO-4), 4.76 (dd, 1Hlp £,=4.2, J54 9pb=11.7, H-Ba), 4.69
(dd, 1H,Jp 5,=5.4, H-8b), 4.65 (ddd, 1H, H-Y, 4.54 (dd, 1HJ3 4=8.3, H-4), 4.49 (d, 1HJoa 05=11.4,
H-9a), 411 (m, 1H, H-3), 3.94 (td, 1H273:8.0,J2,CH20H22.7, H-2), 4.06 (q, ZH:,SJH‘H:7.O, O‘|2CH3),
3.93 (d, 1H, H-9b), 3.88 (dd, 1HcH,0+=6.8 and 5.4, CKHOH), 3.47 (m, 2H, ¢1,0H) and 1.36 ppm
(t, 3H, CH,CH3); 3C NMR (125.7 MHz, MeCO-ds)  180.0 (C-7), 166.6, 165.6, 165.5 (3 CO),
158.5-115.2 (24C, Ar), 98.2 (C-5), 89.3 (€),182.7 (C-2), 79.1 (C-4), 78.8 (C¥ 73.6 (C-3), 72.7
(C-2), 71.4 (C-3), 64.8 (C-8), 64.2 CH2CHz), 60.9 (CHOH), 58.1 (C-9) and 15.1 ppm (GBHz3);
FABMS m/z 785 [M+H]*, 807 [M+Na]"; HRFABMS calcd for GiH40N2012SNa: 807.2200; found
807.2155. Anal. calcd for ££H40N2012S: C, 62.75; H, 5.14; N, 3.57. Found: C, 62.67; H, 5.31; N,
3.57.
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