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Abstract: The maions of 2-amino- ad 24kylamino-2deoxyglyco~ wit% isothiocyanatea gave thiomras sod hemyclic 
derivatives. Moreover, c&fused glycopytano[2,1-&midazolidin-2-thiones, which have a close structural analogy with some 
naturally-occorring glycosidase inhibitors, were syntbesised for the fast time. The mechanism of formation of glycofuraao and 
glycopyranoI21_dlimidazolidin-2-thiones occurs vin the intermediacy of monocyclic 5-hydroxyimidazolidin-2-thioaes. These 
substances are generated by intramolecular nacleophilic addition of an NH group to the aldehyde function of the sugar. The 
monocyclic inte.nnediat~ have been isolated aad their participation in the formation of bicyclic imidazolidin-2-tbionea and/or 
monocyclic imidazolin-2-thiones proved. In stark contrast, c&fused glycopyranothiazolidines were prepared by nucleophilic 
displacements. 

INTRODUCTION 

The preparation of cis-1,Zfused glycopyrano heterocycles constitutes an important synthetic target, 

since many naturally-occurring compounds and related substances have that structural arrangement.1 Recently, 

we have reported2 the synthesis of CL fused glycopyrano[2,1-d]imidazolidin-2-ones (6) using the five-step 

sequence outlined in Scheme 1. The key step involves the intramolecular cyclisation of the anomerically 

deprotected ureido derivatives (4). The latter was prepared by regioselective deacetylations of the per- Oacyl 

ureas, which are readily available from 1 by reaction with isocyanates and further conventional acetylation. 

CH,OH 

“Lao” /_ “;eoH -_A~d~oH iv,v_ 

NH,.HCI 
X4 x=f 

1 NHR NHR 

2x=0 4 x=0 6 X=0 * 
3x=s 5 x=.s 7 x=s 

Scheme 1. Reagents: i, RNCX; ii, Ac20. C5H5N; iii, silica gel. MeOH; iv, AcOH; v, NH3/MeOH. 

The transformation of the ureas 2 into bicyclic imidazolidm-2-ones*,4 has been the subject of a puzzling 

controversy for decades, and only now the mechanism has become visible, evidencing the participation of 

monocyclic structures of 5-hydroxyimidazolidin-2-ones as intermediates.2~5 In this paper, we extend these 

strategies to the preparation of D-glucopyrano[2,1-d]imidazolidin-2-thiones (7) and D-glucopyrano[2,1-6]-2- 

iminothiazolidines, and novel alternative routes for the preparation of intermediates are described. 
Although a similar behaviour to oxoanalogues can be expected, it is known that replacement of oxygen 
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by sulphur in urea and related compounds often leads to significant changes in product type and reaction 

pathway, and so we decided to conduct a parallel investigation into the reactions of aminosugars with 
isothiccyanates. 

RESULTS 
Reaction of 2-amino-2-deoxyglycopyranoses with isothiocyanates. 

Similarly to isocyanates, numerous structures were assigned to the condensation products of 1 with 

aryl(alky1) isothiocyanates in acidic media. 6-11 However, it has been demonstrated’* that a k-fused D- 
glucofurano[2,1-&midazolidm-2-thione was the correct structure in all cases. 

The first and general synthesis described in the literature 11.13 of unprotected 2-deoxy-2-thioureido 

derivatives (3) involves deacetylation of the corresponding per-O-acetyl thioureas (9), which are accessible 

either by reaction of 1,3,4,6-tetra-~acetyl-2-amino-2-deoxy-eD_glucopyranose hydrochloride (8)14 with 

isothiocyanates,l 1,13,15 or by reaction of the isothiocyanate 1016 with alkyl(aryl)amines (Scheme 2).t7 

NH,.HX NHCSNHR NCS 
8 8 10 

Scheme 2. Reugenfs: i, 4-CH@C,H,CHO, aq. NaOH; ii, Ac20, CgHsN; iii, aq. HCl, acetone; 

iv, aq. NaHCOs, CHCl+ v, RNCS; vi, RNH2. 

Likewise, several authors reported the preparation of thioureas 3 by direct condensation of 1 with 

alkyL8 aryL8~* l and acyl isothiocyanates .** No structural data, however, supporting unequivocally the structure 

3 were given.23 Remarkably, Scott*4a proposed in 1962 a structure of thiolimidazole for the condensation 

product of 1 with phenyl isothiocyanate. Later, he retracted *4b,24~ this assignment and, based on spectroscopic 

data and electrophoretic analysis, proposed the 5-hydroxy-l-phenyl-4-(D-unr&m-tetritol-l-yl)imidazolidin-2- 
thione 11, ruling out a structure of 2-aminothiazoline 12 or its imino tautomer 13. In addition, the reduction 

product of the phenylthiohydantoine 14, presumably 11, showed the same electrophoretic behaviour than that 

of 1 with phenyl isothiocyanate.*4b.*s Recently, a X-ray diffraction study26 has confirmed the structure 11 

assigned by Scott*4C to the reaction product of 1 with phenyl isothiocyanate. 

C&OH CH,OH CH,OH CH,OH 

11 12 13 14 

We have reinvestigated the reaction of 2-amino-2-deoxyaldoses with isothiocyanates searching for a 

shorter synthesis of per-Oacetyl glycopyranothioureas. Thus, the condensation of 1 with brnzoyl or 
ethoxycarbonyl isothiocyanates gave the N-acylthioureas 15 and 16, respectively. Their per-0acctyl derivatives 

17 and 18 were obtained by conventional acetylation. 
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Although spectroscopic data (Tables l-3) quite agree with structures proposed by Krtiger and Rudy,s2 

two salient features should be mentioned. Firstly, acylthioureas 15-18 having a-anomeric configuration ate 

exclusively obtained, as evidenced by the small 5~ values (-3.6 Hz) for 17 and 18 and lJc_l,H_l values (-168 

Hz for 15-16 and -178 Hz for 17-18). Similar couplings constants have been found for other derivatives of 1 

with the same anomeric configuration. 27 Secondly, the downfield shift of the NH group at C-2 (hH-ll ppm) 

suggests the presence of a strong intramolecular hydrogen bonding between that group and the carbonyl,2a 

anchoring a (Z,E,Z)-conformation (19) for the acylthiourea moiety. 

Table 1. ‘%NMR chemical shiftsa @pm) for 15-18.26, and27. 

Comp C-l c-2 c-3 c-4 C-5 C-6 c=s c=os Alkyl Ammrltic 

1 sb,e 89.14 59.95 70.86’ 70.76’ 72.37 60.90 180.58 168.54 133.18, 132.2, 128.57 

16b.f 89.42 59.76 71.01’ 70.86’ 72.49 61.11 179.91 153.87 62.13. 14.40 

I 7d 89.38 56.29 67.40 69.69 70.50 61.36 181.39 166.76 133.67, 131.22. 128.97, 127.58 

18d 89.54 56.06 67.36 69.70 70.50 61.37 180.53 152.41 62.96, 14.02 

2ad 89.99 55.65 70.43 66.91 69.40 61.20 180.57 135.40, 129.80. 127.49. 125.27 

27d 92.32 57.54 72.44’ 67.70 72.34’ 61.58 181.40 135.70, 129.78, 127.22, 125.01 

BAt 50.33 MHz bInDm@d6. C?hese signals weld be interchanged. dlnCm3. e ‘JC,,H1167.6 Hz: ‘JC2,H2139.2 Hz; 1JC3,H3146.5 Hz; 

‘Jr-4,H4137.9 Hz; 1JC5,H5137.9 Hz; ‘JC6,H6139.8 Hz. flJC,,H, 178.5 Hz; S Signals for acetoxy groups have been omitted. 

Table 2. ’ H-NMR chemical shift@ (ppm) for 17, 18. 2 6, ad 2 7. 

Comp H-l H-2 H-3 H4 H-5 H-6 H-6’ C2NH RNH fiYl AVl 

17 6.42d 5.16m 5.51t 5.27t 4.09m 4.33dd 4.09m 1092d 9.19s 7.87-7.47m 

18 6.35d 5.12m 5.44t 5.26t 4.08m 4.32dd 4.08m 9.82d 8.29s 4.23q. 1.31t 

26 6.31d - 5.25-5.13m - 3.96m 4.25&l 4.05dd 6.04d 8.84s 7.49-7.16m 

27 5.74d - 5.28-5.09m - 3.81m 4.23&l 4.1rkkl 6.38d 8.66s 7.44-7.13m 

B At 200.13 MHz in CDC13. 

Table 3. 1 H-NMR coupI@+ constant@ (Hz) for I 7. 18.2 6. md 2 7. 

Comp J1.2 J2,3 ‘3.4 J4.s JS.6 J5.6, J6,6t I2.u~ JR 

17 3.6 10.1 10.1 10.1 3.7 b 12.5 8.8 
18 3.6 9.9 10.0 9.8 4.0 b 12.6 8.8 7.0 

26 3.2 b b 9.5= 4.0 2.2 12.5 a.3 
27 7.8 b b b 4.2 2.0 12.4 a.3 

’ At 200.13 Mllz io UXX,. b Not obscrwd. ’ After addition of Eu(fcd)3 
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By contrast, the reaction of 1 with several aryl isothiocyanates in aqueous medium led invariably to the 

corresponding l-aryl-5-hydroxy-4-(D-~~-~~tol-l-yl)imidazolidin-2-thiones (2 O-2 3). Analogously, 

reactions of 2-amino-2-deoxy-D-galactopymnose and 2-smino-2-deoxy-g-D-glycero-Ggluco-heptopyranose28 

with 1-naphthyl isothiocyanate gave 2 4 and 2 5, respectively. 

The deacetylation of 9 for the preparation of unprotected thioumido derivatives 3, using ammonia in 

methanol as described by Morel1 1 and Geigy’s was unpractical. In this polar and basic medium 3 was initially 

formed, but it is not stable and rapidly cyclises to the corresponding 5-hydroxyimidaxolidin-2-thione. Thus, 

monocycle 2 0 was obtained from 2 6 and 2 7 and monocycles 2 1 and 3 0 were isolated from 281s and 2 9, t9 

mspectively. Compounds 2 82 5 and 3 0 are N-substituted thioanalogues of the antibiotic CV- 1 ,29 which am 

easily available by these two synthetic routes. Thiourea 26 was prepared following the procedure described1 s 
for analogous thioumas and 2 7 according to Scheme 2. 

20 RIP!? 24 Ar= l-C,,,H, &&OH 26 R=Ph.R’=H,R2=OAc 

21 R=CMeOC,+l, 2 5 Ar= lCml+ 27 R=Ph.R’=OAc.R*=H 

28 R = CkOC,$i;R ‘= H, R*= OAc 

29 RoCH~R’=H.d=OAc 

l-Aryl-(l,2-dideoxy-glycofurano)[2,1-d]imidaxolidin-2-thiones 3 1-3 6 were prepared in high yields by 

treating the corresponding monocyclic imidazolidin-2-tbiones 2 O-2 5 with dilute acetic acid. The analogous 

cyclisation of 3 0 afforded a mixture of 3 7 and 38. Intemstingly, compound 16 could not be transformed into a 

monocyclic imidazolidin-2-thione in basic medium, or into a bicyclic imidazolidin-2-thione in acid medium. No 
intermediates were detected during the transformation of 2 O-2 5 and 3 0 into bicycles 3 l-3 7 as revealed their 

conversion in DMSO-de by NMR monitoring. 

31 R=Ph CH@H 

3 2 R = 4-MeOC6H4 35 Ar=1CmH7 36 Ar=1-CmH7 33 R=48rCW4 CH,OH 

34 R=lCwH7 36 

37 R&H3 

Analogous fumnoid bicyclic structures were also formed in the reaction of 2-alkylamino-2-deoxyaldoses 

with isothiocyanates.sa The small J2.3 values (-0 Hz) discard a pyranoid structure for 3 l-3 7. Structures of 
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compounds 3 1,12e.lzf33.12d and 3712~ have been determined by X-ray diffraction crystallography.st 

Spectroscopic characterisation of isothiocyanate-aminosugar adducts. 

Unlike compounds 15-l 8, 2 6 and 2 7, derivatives 2 O-2 5 and 3 O-3 7 do not display in their IR spectra 

the characteristic NH absorption at -1530 cm-*, which is absent from cyclic systems.2 The C-l* configuration 

assigned to 2 O-2 2 and 3 0 is in accord with the small .Jt,2 values (~2 Hz).275 In these cases, the disposition 

between H-l and H-2 is trans. In some cases, the cis isomer could be detected in the tH NMR spectra in very 

low concentration. However, the chemical shift of C-l (-90 ppm) for 2 O-2 2 is within the range showed for the 

C- 1 of a 2-deoxy-2-thioureidoglycopyranose as 15-l 8, 2 6 and 2 7, and therefore that assignment does not 

diagnose a monocyclic structure, contrarily to the oxygen counterparts.*~s The almost identical shifts of C-3, C- 

4, and C-5 (and C-6 for 2 5) are in accord with the presence of an open polihydroxywl chain2*5 (Table 4). The 

signal at -180 ppm, attributable to the C=S group, rules out an isomeric structure of 2-iminothiaxolidine as 13. 

Table 4. 13C.NMRchemifalshiftsP@pm)for20-25 md30-38. 

camp C-l c-2 c-3 c-4 C-5 c-4 c-7 C=s fiY1 

20 

21 

22 

23ab 

23bC 

24&f 

24bC 

2sab 

2Sbc 
30 

31 

32 

33 

34sb 

34bC 

3sab 

3SbC 

36ab 

36bC 
37 

38 

87.53 65.31 69.22 71.44 70.39 63.36 
87.69 65.30 69.24 71.47 70.42 63.38 

87.34 65.36 69.25 71.48 70.39 63.37 

87.73 66.41 70.63 71.61 71.51 63.42 

89.89 65.89 69.46 71.25 70.22 e 

87.96 64.86 69.83 70.17 70.11 63.23 

90.72 64.37 e e e 62.85 

87.73 66.49 69.75 70.64 70.45 69.75 63.12 

89.92 65.93 63.12 

86.30 64.54 69f24 

70.11 

71.31 70:45 63:34 

94.77 65.34 68.35 74.05 79.51 63.91 
94.68 65.18 68.19 74.02 79.22 63.83 
94.39 65.26 68.16 73.76 79.50 63.73 

93.81 66.01 68.06 74.19 79.16 63.81 

96.82 66.01 68.36 73.76 80.14 63 90 

94.63 67.10 70.77 76.14 88.51 63.64 

97.05 67.88 70.46 76.14 86.42 63.01 

93.94 66.12d 66.29d 74.43 78.82 71.15 62.77 

96.90 66.124 66.29d 73.97 79.39 71.15 62.50 

93.39 64.48 68.36 74.16 79.32 63.77 
116.44 130.54 73.48 71.43 64.59 63.59 

179.98 

180.45 55.41 

179.79 

181.98 

181.50 

182.25 

182.51 

181.93 

180.72 30.12 

181.17 

181.52 55.33 

180.77 

182.61 

182.61 

181.72 

181.72 

182.69 

182.98 

181.68 30.66 

160.49 33.80 

a At 50.33 MHz in DMSO-d6. b Major umfamer. C Minor conformer. d%se signals could be inter. 

changed eNotobserved f ‘JC,,H,163.0; 1.1C2,H2 153.6; ‘J,-3.~3 = ‘J,-4.~~141.7; ‘J~~,~#4.0; 

‘JC6,H6141.2 (1~ in Hz). 

Compounds 2 3-2 5 show signal duplicity in their t H- and *sC NMR spectra, indicating the presence of 

two products. Doublets attributed to H-l (-5.60 and -5.30 ppm, respectively, and Jt,2- 0 Hz in both cases) 
were transformed in singlets by D20-exchange. This rules out an a,g anomeric mixture of 2-deoxy-2-(1- 

naphthylamino)-glycopyranose, or a mixture of epimers at C-l having a structure of monocyclic imidazolidin-2- 

*The original numbering of 2-[3-acyl(aryl)tbioureido]-2-deoxysugars is maintained in the related monocyclic and bicyclic 
imidazolidin-2-tbiones to clarify the exposition. The correct nomenclature is given io the Fqwimental. 
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thione. The first case would be consistenta with coupling constants of -3.5 (a-anomer) and -8 Hz (g-anomer), 

and the second one*,5 with -0 (trons) and -6 Hz (cis). which are quite different from experimental values. 

Furthermore, the chemical shifts for C- 1 signals (-9 1 and -87 ppm) agree with those expected for a-anomers, 

but not for &anomers. The close resemblance in chemical shifts for duplicated absorptions in both tH- and 1% 

NMR spectra, along with their analogy with those of 20-22 suggest monocyclic structures of 5 

hydroxyimidazolidiu-2-thione with the same configuration (R) at C-l (J1,2-0 Hz). 

A possible explanation could be encountered in a C-2 epimerisation. * However, the duplicity of signals 

might be also attributed to the presence of a pair of atropisomers, originated by the restricted rotation around the 

C(naphthyl)-N bond.32 This latter hypothesis was further confirmed by preparing compounds 3 4-3 6 that also 

display signal duplicity in their NMR spectra. 

Chemical characterisation of aminosugar-isothiocyanate adducts. 

As previously noted the structure proposed by Scott 24~ for 20, 2 3, and 2 4, has been recently 

confirmed*6 for 20 by X-ray diffraction analysis. However, spectroscopic data are insufficient to do 

unambiguous assignments. For this reason, we have studied their transformation into the corresponding per-U- 
acetyl derivatives in which the original structural arrangement can be preserved. 

Thus, acetylation of 2 0 afforded a mixture of acetylated compounds 3 9-4 1, whose ratio depends on the 
reaction tempemtum. At -35”, 3 9 is almost exclusively formed but at higher temperatures the ratio of 4 0 and 4 1 

increases. All of them maintain the monocyclic structure and, 39 and 4 0 the stereochemistry (R, J1,* 0 Hz) of 
the heterocycle as well (Tables 5-7). Analogously, 4 2-4 4 were formed from 2 1. Controlled acetylation of 2 3 at 

-15’ mainly afforded 45. On heating a solution of this compound in DMSO-de, a mild, fast, and complete 

transformation into 46 was observed by tH NMR monitoring. 

CH20H 

20 Ar=Ph 

21 Ar=4-M&X&, 

23 Ar= l-C,& 

CH,OAc CHzOAc CHzOAc 

39 Ar=Ph 40 Ar=Ph 41 Ar=Ph 

42 Ar = 4-MeOC&4 43 Ar=4_Mf3ocaH‘l 44 Ar= 4-Meo~~ 
& Ar= l-i&H, 46 AI= 1-c,& 

Scheme 3. Reagents: i, Ac20. CsHgN. 

The structure of imidazolin-2-thione in 4 1 was confirmed by unequivocal synthesis from 4 8, that was 

prepared* by acid isomerisation of 3 1. Similarly, 44 was obtained from 49, which was synthesised by 

condensation of fructosamine 4 7 with thiocyanate ion. Conventional acetylation of 4 8 with acetic anhydride in 

pyridine between -20’ to +80° led almost exclusively to 4 1. Nevertheless, acetylation of 49 gave a mixture of 

4 4’ and 5 1 whose ratio changed with the temperature. At room temperature, cquimolar amounts were obtained 

(5 l/44 = Ll), whereas at 80” 4 4 was prevalent. Recrystallisation from ethanol of the crude mixture of 44 and 
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Table 5. IH-Nh4R chemical shiia (ppm) for 39-46 & 5 1. 

Comp H-l H-2 H-3 H-4 H-5 H-6 H-6’ NH Akyl Aryl NAC 

39 6.51s 3.96dd 5.5Ot 5.42dd 5.17m 

40 6.44s 4.93d 5.62&l 5.42dd 5.34m 

41 6.90s 6.01d 555dd 5.23m 

42 6.45s 3.94d 5.47t 5Aldd 5.16m 

43 6.39s 4.9od 5.@md 5.42dd 5.36m 

44 6.77s 6.05d 5.54&d 5.23m 

45ab 6.428 4.06d 5.63dd 534dd 5.09m 

45bC 6.62d 4.08m 5.55dd 5.43dd 5.17m 

46d 7.16s 6.02d 556dd 5.25m 

51 6.63d 6.W 5.62dd 5.29m 

4.28&l 

4.32dd 

4.26&u 

e 

4.w 

4.3kkl 

4.13dd 

4.11&l 

4.13dd 

4.13&l 

4.11&I 

4.14&l 

4.16dd 

4.14&l 

4.19&l 

4.2odd 

7.14s 

11.348 

3.81s 

3.838 

11.22bs 3.81s 

8.04bs 

1.29b.s 

e 

3.81s 

7.52-7.35m 
7.51-7.33m 2.86s (3H) 

7.59-7.4Om 

7.24d.6.92d 

7.24d.6.96d 2.85s (3H) 

7.44d.7.04d 2.85s (3H) 

7.97-7.41m 

8.07-7.35m 

7.49-7.02m 3.11s (3H) 

*In CDC13 at 200.13 MHz and 293K unless otherwise indicated. b Major conformer. C Minor amformer. d In DMSO-& at 3SOlL 

e Not observed. 

Table 6. ‘H-NMR coupling axxaat& (Hz) for39-46 ad S 1. 

ComP J1.2 J2,3 53.4 J4.5 J5,6 Js,a- 56.6’ 51.3 

39 0.0 3.4 3.4 7.8 3.1 4.7 12.5 

40 0.0 6.0 3.6 6.9 3.0 5.3 12.4 

41 4.1 7.8 2.9 4.9 12.5 

42 0.0 3.4 3.4 7.8 2.9 4.6 12.6 

43 0.0 6.1 3.7 6.9 3.0 5.4 12.3 

44 4.0 8.1 3.0 4.9 12.5 

4sab 0.0 7.4 3.2 7.9 2.9 4.2 12.6 

45bC 1.5 4.4 2.9 8.4 3.1 4.1 12.7 

46“ 4.1 7.2 3.1 5.6 12.3 

51 2.2 9.3 2.5 4.9 12.5 1.1 

aIn CDC13 at 200.13 MHz and 293K unless otherwise indicated. b Major conformer. 

c Minor conformer din DMSOd6 at 350K. 

Table 7. ’ 3C-NMR chemical shift&’ (ppm) for 39-46.4 8, and 5 1. 

Comp C-l c-2 c-3 c-4 C-5 C-6 c=s Alkyl C=O CH3 

39 89.45 61.71 69.86 69.32 68.44 61.27 184.20 

40 80.15 61.42 68.98 68.69 68.59 61.76 180.13 171.68 26.62 

41 117.66 123.68 64.39 70.30 68.58 61.50 163.17 

42 88.78 61.4W 69.58 69.24 68.31 61.1gc 184.46 55.24 

43 84.29 61.25 69.02c 68.6gc 68.6gc 61.76 180.49 55.41 171.70 26.61 

44 118.46 123.05 64.49 70.11 68.37 61.41 163.36 55.68 

4sad 85.95 60.88 69.43 68.30 67.86 60.93 184.11 

45be 89.39 61.50 68.96 68.30 68.14 61.15 184.25 

46nd.f 119.00 124.43 69.48 68.01 64.99 61.71 163.79 

46besf 119.20 124.07 70.13 68.19 64.99 61.71 164.13 

48f 115.96 131.60 73.11 71.18 64.40 63.49 160.99 

51 120.70 125.56 68.44 67.91 66.48 61.95 167.44 55.74 172.85 27.92 

a At 50.33 MHz and 293K. b In CDClj unless otherwise indicated. cTkse signals could be interchanged. 

4 Major conformer. e Minor conformer. f In DMSOd6. 
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5 1 gave only 4 4, probably by N-deacetylation of 5 1. 

Imidazolin-Zthiones 4 1, 4 4, and 5 1 were characterised by the olefinic resonances of C- 1 and C-2 and 
the upfield shift of the C=S signal (-163 ppm) with respect to 3 9, 40, 42, and 43. The N-ace@ group in 40 

and 43 induces a remarkable downfield shift of H-2 (AS-l.0 ppm) and upfleld shifts of C-l (A&5 to -9 ppm) 
and C=S (A&-4 ppm) when compared with 39 and 42. An unusual deshielding of methyl signal of the 

acetamido group (AS-O.8 ppm) is observed in 4 0,43, and 5 1, caused by its proximity to the heterocyclic C=S 
in the more stable s-trons-conformation. In this disposition the dipole-dipole repulsion between C=O and C=S 

groups is minimised. This suggestion is in agreement with the results obtained by theoretical calculations.s4 

In conclusion, per-Oacetyl derivatives 39, 4 2, and 45 are ideal derivatives for the structural 
characterisation of monocycles 2 O-2 5 and 3 0. 

HO 

+ 

45 Ar=Ph 41 Ar=Ph 
47 Ar=4-MeOC,j-l, 49 Ar=eMeoc& 44 Ar=44bOC$l~ 

Scheme 4. Reagenrs: i, AcOW, ii, KSCN; iii, AqO, CsH5N. 

Synthesis of cis-1,2-fused glycopyrano heterocycles 

CYOAc 

50 Ar=Ph 
51 Ar = CM-H, 

Because of the direct condensation of isothiocyanates with 2-aminosugars is not a suitable way of access 

to per-Oacetyl thiouteas, we have utilised the classical route depicted in Scheme 2. The treatment of these 
acetylated thioureas with tin(lV) chloride in dichloromethane leads to per-Oacetyl-Dglucopyrano[2,1-dJ-2- 

iminothiazolidines, which can be deprotected with ammonia/methanol. Following this protocol 5 2 and 5 3 were 

prepared from 26. These compounds lacked tsC NMR signal for C=S (-180 ppm) but showed the 

characteristicts resonance of the 2-iminothiazolidine group at -157 ppm (Table 10). The structure of 53 was 

confmed by preparing its acetyl derivatives 5 4 and 5 5, in which contraction of pyranoid ring did not take place 

(Scheme 5). 

CHaOe 

26L Aczz+J 

CH,OH 

I? 

J;gq iii 

I? 

AcC)C) 

I? 

+ AcEt 

I 5 

Y 
NPh N Ph NPh AcN Ph 

52 53 54 55 

Scheme 5. Reagents: i, SnC14, CH2CIZ; ii, NH3, MeOH; iii, Ac20, CgHgN. 

* H NMR spectra of 5 4 and 5 5 showed four signals for acetyl groups. Chemical shift of N-acetyl group 
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of 5 5 is indistinguishable from the acetate groups; however, in 5 4 it appears shifted to downfield (8~Ac-2.5 

ppm) with respect to the acetates. This difference could be explained analogously as in compounds 40. 4 3. and 
5 1. Furthermore, the differences in the J values of 5 4 and 5 5 ate indicative of a large conformational change in 

the pyranoid rings due to the exe or end0 localization of the N-acetyl group. 
Likewise, the reaction of per- @ace@ thioureas (e.g. 5 6) with HBr/AcOH gave bicyclic iminothiazoli- 

dines as hydrobromides (e.g. 5 S).t * In order to avoid the participation of the sulphur atom in the cyclisation 

step, 5 6 was converted into benzylisothioutea 5 7, but its further treatment with HBrlAcOH led again to 5 8 
(Scheme 6). 

NHWII NHC& 
56 57 NHC6H,, Br 

56 

Scheme 6. Reagents: i, HBr/AcOH; ii, PbCHzCl. NaHCOs. 

Our next target was the preparation of thioureas 5, generated from 9 by selective deacetylation at the 

anomeric centre. as starting materials in the synthesis of D-glucopyrano[Z,l-dlimidazolidin-2-tones 7. 
Anometic deacetylation of 2 6 or 2 7 with sodium methoxide in methanol, according to the protocol of Micheel 

and Lengsfeld3s for ureas, gave a complex mixture. The treatment with silica gel in methanol, reported by US,~ 

was also unsuccessful. Compound 5 9 should be initially formed, but it rapidly decomposes. Silica gel-mediated 
deacetylation for one day led to the monocyclic bnidazolidm-2-thione 60 in good yield; however, the prolonged 

reaction with silica gel for three days gave a very low yield of the monoacetyl derivative 6 1. 

Table 8. 1H-NMRchemicalshi~a(ppm)for52, 54, 55,57, 59-63, ad 66-69. 

Comp H-l H-2 H-3 H-4 H-5 H-6 H-6’ C2NH Aryl NAc OH 

52 6.21d 4.39m 5.4&M 

54 6.13d 5.21dd 5.5Ckld 

55 6.06d 4.21m 53Odd 

s’lb 6.01bs 4.04m 5.33t 

59d 6.46dd 4.94m 5.291 

60 5.57bs 4.11~1 5.25bs 

6 le 5.47dd -3.75.3.67m- 

62 6.01d 437d 5.34d 

6Jevi 6.08d 4.36d 4.25d 

66 5Aldd 3.45m 5.2% 

67 5.83d 4.19m 5.07t 

68 6.87s 6.18d 

69 6.95s 5.87d 

4.97m 

5.21t 

4.84m 

5.13t 

5.17t 

4.09m 

3.35m 

3.45dd 

4.42dd 

3.83dd 

4.89t 

4.99m 

54Odd 

4.16m 

3.99m 4.17m- 

4.231~1 432dd 4.07dd 

3.72~1 4.14m 

4.04m 4.36dd 4.2w 

----4.20-4.10- 

5.Old 439dd 4.28&l 

3.71m 425&l 3.W 

5.28m 4.6Odd 4.14dd 

c 4.05d - 

4.16m-- 4.01m 

4.04m 4.22-4.17m- 

3.99m 4.20-4.06m - 

4.1sddi dloddt 

5.12m 4.45&l 4.36&l 

7.355 

c 

637d 

7.54s 

8.45s 

7.69s 

c 

8.46bs 

6.91 bs 

11.67bs 

11.07bs 

7.33-7.OOm 

7.40-6.95m 

7.48-7.2h 

7.35-7.16m 

7.47.7.17m 

7.40-7.30m 

1.49-7.24~1 

7.45-l .34m 

7.45-7.31m 

7.53-7.35m 
7.56-7.36m 

7.57-7.3lm 

2.54s (3H) 

1.98s (3H) 

3.97m 

6.816 

4.94ds 

4.71d” 

c 

1.79d 

c 

459d 

*At 200.13 MHz in CDC13 unless otbenvise indicatedb Alkyl gmup gave the following signals: 3.98s (2H) and 2.OSl.lOm 

(11H). CNotobsewxl.dlixArNH proton appeared at8.24p~m assin81et~hDMSOd6. fC,aH. gC3-oHrmdC5-OH. 

h C4-OH. ’ after addition of 40. 
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‘H and 13C NMR spectra of 60 and 6 1 showed three and one acetate signals, respectively. The small 

values (12 Hz) of Jt,2, .Jz,s, and & in 60 rule out the isomeric structure 59. The absence of acetate group in 

C-4 of 60 is in accord with the chemical shift of H-4, which appears shifted to upfield (A&-1 ppm)s6 with 

respect to H-3 and H-5 signals of 6 0 and H-3, H-4, and H-5 signals of 3 9. In addition, $_t_5 of 6 0 is similar to 
that of 3 9. 

CH,OAc 

A%x&& i - 
s* OR 

NHPh 

26 R=Ac 
52 R=H 

iv 

/ 
40+41 

Ii 
62 

60 

I ii 

yH,OAe 

HO 

v 

63 H 

61 

Scheme 7. Reagertfs: i, silica gel, MeOH, 1 day; ii, silica gel, MeOH, 3 days; iii, A. (9. &OH, 
iv, Ac,O, CSHJN; v, AcOH, DMSO-&. 

The monocyclic structure of 6 0 was confumed by acetylation, which gave a mixture of 4 0 and 4 1, and 

by cyclisation to 6 2 by heating in neutral or acid medium. The latter had identical physical and spectroscopic 

properties to those of an authentical sample. 12 The acetate location in 6 1 is in agreement with the presence of 

doublets for the three secondary hydroxyl groups. This compound was transformed into 63, slowly in DMSO- 

d6 and rapidly in the presence of acetic acid. 

Anomerically deacetylated thiourcido derivatives (e.g. 5 9) could be prepared using the synthetic route 

outlined in Scheme 8. The key step was the condensation of isothiocyanates with the aminosugar 66. This 
compound was synthesised by controlled N-deprotection of the enamine 6 5, which was readily obtained in a 

one step from 6 437 by acetylation with acetyl chloride and further hydrolysis of the glycosyl chloride formed,s* 

or by anomeric deacetylations of the per-0acetyl derivative37 of 6 4. 

Compound 59 was transformed into 60 with silica gel-methanol for one day. thus confirming the 
intermediacy of the former in the direct synthesis of 6 0 from 2 6 (vide supru). 

The a-anomeric configuration of compounds 5 9 and 6 6 is evidenced by the small Jt ,* values (-3.5 Hz) 
and the high rotatory powers. 
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Table 9. ‘H-NMRcouplingconstantsa(Hz)for52, 54,55,57,59-63, ad 66-69. 

Comp ‘1.2 J2,3 J3,4 ‘4,s JS,6 J5,6 J6.6 J2,NH J2,4 JH,OH 

52 6.5 4.3 3.2 9.4 5.1 3.0 0.8 

54 6.4 8.7 9.8 9.8 4.6 1.7 12.2 

55 7.1 3.9 2.1 9.3 4.8 4.2 b 1.3 
57 b 10.5 10.5 10.5 3.4 3.8 12.3 b 
59 3.2 9.7 9.7 9.7 b b b 9.0 3.2 
60 <l.O <l.O Cl.0 8.6 2.1 4.3 12.0 
6 lc 1.6 b b 8.56 2.0 6.5 11.2 8.6% 6.4f 
62 6.5 0.0 2.9 9.5 2.2 4.8 12.4 
6Ysd 6.5 0.0 2.0 8.0 b b b b 

66C -3.0 9.7 9.7 9.7 b 3.7 13.5 4.3 
67 7.9 3.1 3.1 9.1 6.2 3.0 b 0.8 
68 4.2 7.5 3.3d 4.ad ll.ad b 
69 1.9 9.2 2.4 4.2 12.8 7.7 

aAt 200.13 MHz in CDC13 unless otherwise indicated. bNot observed. %I DMSOd6. dAfta addition of D20. 

VI-OH and C4-OH. fC30H and CS-OH. 

NHA 
66 

59 R=Ph 

OEt OEt 

64 65 

Scheme 8. Reagents: i, EtOCH=C(C02Et)2, Et3N. MeOH; ii, CH3COCI; iii, H20; 

iv, Br2. H20, C13CH; v. RNCS, C5H5N. 

Finally, treatment of 59 with acetic acid gave the desired pyranoid bicycle 67 and the tri-0-acetylated 
imidazolin-Zthione 68. NMR analyses of the crude mixture showed that the ratio of these compounds was 

largely dependent on the reaction medium. While in glacial acetic acid 68 was predominant, reaction in 50% 

aqueous acetic acid afforded 67 as the major product. Further separation of 68 by preparative TLC resulted in 

the acetate migration at C-4, and a mixture of 68 and 69 was isolated. This silica gel-mediated migration is 

analogous to that observed in 60 (Scheme 7). Isomeric structures 52 and 62 could not be detected. 

S 
67 CH,OAc 

Ph S 

CH,OAc 

69 

These structures are in accord with their spectroscopic data. The cis fusion between the sugar ring and 
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the heterocycle in 6 7 was confirmed by the small Ja,s and 3s ,4 values (Table 9). Larger coupling constans (-9 

Hz) should be expected for a truns fusion. sa,4c Compounds 68 and 6 9 were character&d by the chemical 

shifts of C=S group (bs -160 ppm) and the olefinic carbons. The localisation of the free OH groups at C-5 of 
6 8 and at C-4 of 6 9 is consistent with the chemical shift of their H-5 and H-4 protons, which showed upfield 

shifts (lA61>1 ppm) with respect to the cotresponding protons in 4 1. 

lbble 10. t3C-NMRchemicalshiftp~@pm)for52-55. 57, 59-63, axl66-69. 

Camp C-l c-2 c-3 c-4 C-5 C-6 C=S C=N C=0 CH3 

52 87.40 68.20 69.3W 71.7W 68.W 63.30 

5s” 87.4od 48.73 75.16= 74.12= 69.49= 61.41 

54 81.76 59.13 71.68 66.40 70.15 61.37 

55 86.61 70.18c 68.6Sc 68.33c 67Mc 63.22 

57e 92.20 50.20 73.10 70.40 68.60 62.20 

59 90.90 57.44 70.79E 67.91c 67.49= 61.94 

60 88.96 62.69 70.18 69.83 69.52 64.63 

6lb 87.34 66.54 70.20 68.69 68.53 65.16 

62 95.69 63.76 75.79 76.51 67.62 63.19 

63b 95.99 66.w 15.03 79.86 66.36= 67.63 

6ab 88.93 51.80 69.04 66.48 68.41 61.97 

67 87.71 54.15 70.80 68.01 67.79 63.15 

68 117.84 124.35 72.41c 67.57= 65.26= 64.50 

69 118.72 125.27 70.28c 69.75= 64.H 62.53 

157.30 

154.76 

150.8W 170.55 25.52 

158.81 171.01 24.31 

162.20 

180.40 

181.56 

179.92 

183.17 

182.42 

183.67 

162.17 

161.72 

a At 50.33 MHz ia CDC13 unless otherwise indicti. b Itt DMSOd6. “Ibese signals could be interchanged 

dhad signals. Vlkyl group resonated at 37.30, 32.40, 25.70 and 24.60 ppm. 

DISCUSSION. 
The initial compounds formed in the reaction of 2-amino- and 2-alkylamino-2-deoxysugars with 

isothiocyauates at pH-7 are 2-deoxy-2-thioureido-glycopyranoses. However, these substance8 have only been 
isolated from acyl isothiocyanates, and thus thioureas 15 and 16 can be easily prepared. In contrast, aryl and 

alkyl isothiocyanates give more reactive thioureas that cyclise invariably to 5-hydroxyimidazolidin-2-thiones 
(2 O-2 5 and 3 0). The thiocarbonyl group has a higher single-bond character than the corresponding carbonyl 

group, and this fact reflects the greater nucleophilicity of NH group in thioureido derivatives. In stark contrast 
N-acyl thioureas exhibit a diminished nucleophilicity owing to the electron-withdrawing acyl groups and acid or 

basic catalysis failed to transform these compounds into monocyclic or bicyclic derivatives. 
Evidences supporting the intermediacy of thioumas in the formation of the aforementioned hetetocycles 

was obtained by deacetylation of per-Oacetyl thioureas with ammonia in methanol. The transient 
aryl(alkyl)thioureas were too reactive and cyclised to heterocyclic derivatives (2 0.2 1, and 3 0). which were the 

only products isolated. Consequently, the products described hitherto as thioureas*1.13 following that 

deacetylation procedure are indeed heterocyclic compounds. 
When aryl(alky1) isothiocyanates were condensed with 2-amino-2-deoxysugars at pH<7, or monocycles 

(as 2 O-2 5 and 3 0) treated with acids, glycofurano[2,1-dhmidazolidin-2-thiones (as 3 l-3 7) and occasionally 

polyhydroxyalkyl imidazolin-2-thiones (as 38) were formed. Similarly, 1 -aryl-( 1,2-dideoxy-a-D- 

glucofurano)[2,1-d]imidazolidin-2-selones have been prepared 41 in good yield by reaction of 1 with aryl 

isoselenocyanates in acid medium. and their structure established by X-ray crystallography.41.42 
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These findings suggest that the mechanism follows a similar pathway to that of oxoanalogues;2~5 that is, 

nucleophilic addition of NH in the thiourea or selenoutea to the acyclic aldehyde 71. The resulting monocycle 

72 is converted, in acidic medium, into 73 and/or 74 (Scheme 9, X=S or Se). 

71 72 

Scheme 9 

The formation of unsaturated monocycles such as 74 may be interpreted in terms of an alternative 

reaCtion in acid medium from monocycles 72. These substances can undergo either an intramolecular cycliiation 

(path a) giving furanoid bicycles 75, or an elimination (path b) affording imidaxolin-Zthione derivatives 77 

(Scheme 10). Compounds 75 can also be isomerised to 77, though under more drastic conditions.s~*t~4s 

Compounds with both structures 75 and 77 have been isolated in reactions of 2-aminoaldoses with potassium 

cyanate,44*4s potassium thiocyanate, 46 and cyanamide.47 

H SH 

75 76 

Scheme 10 

77 

Reaction of 2-ketoses and 1-amino-1-deoxy-Zketoses with heterocumulenes likely involves a similar 

mechanism. Recently, spiranic compounds 80 and 81, epimers at C-5, have been prepared by reaction of l- 

48 deoxy-1-methylamino-D-lyxo-hexulose (78) with phenyl isothiocyanate (Scheme 11). Their formation must 

proceed via the monocycle 79 that, under acid catalysis, undergoes an entropically favouted 5-em-tetragonal 

cyclisation (kinetic control),49 although the pyranoid isomers arising from a 6-exe-tetrqotuzl cyclisation should 

be more stable compounds (thermodynamic control). 

It is to be noted that reactions of 1-amino-1-deoxy-Zketoses yield rarely spiranic products, but rather 

unsaturated monocycles as 82. Typical examples are reactions of 1-amino-1-deoxy-2-ketoses with 

isocyanates,33*50 isothiocyanates,7* 33S1 or cyanamide.52*53 Transition state 91 outlines the possible pathways 

leading to both structures, and explains the distinct behaviour of 2-amino-2-deoxyaldoses which produce 
preferably furanoid bicycles (75), opposite to 1-amino-1-deoxy-2ketoses that give unsaturated monocycles 
(77) almost exclusively. Steric hindrance would diiavour the cyclisation to spirocompounds (as 80 or 81) 
rather than the alternative elimination pathway. The former would be favoured if the reaction follows a +l 
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mechanism; but the mechanism h2 (path a), which has been suggested2s5 for this type of reactions, would be 

very much reduced at a tetrasubstituted carbon. On the contrary, the elimination (path b) could always take place 

regardless of the stereochemistry of that carbon atom bearing the hydroxyl leaving group. 

Me. N+= 
HO N-Ph 

/_ HO 
NHMe 

1 

HO 

OH 

C&OH 

_ 70 _ 

00 

+ 

Me. 4 c \ N.,,,, 

Ho 

Ho 

OH 

02 

Scheme 11. Reagents: i, PbNCS, EtOH, 70°C. 

Nevertheless, Butler et ul.s4 have demonstrated that reactions of thiomeas with carbonyl compounds are 

mom complex than the cotresponding processes with ureas, due to the nucleophilic participation of sulphur 
atom. Therefore, it is virtually impossible to rule out monocyclic or bicyclic structures 84-86 (X=S or Se), 

which may be generated from the isothiourea 83 (X=S) or the isoselenourea 83 (X=Se). Analogous 

nucleophilic additions of SH group to the aldehyde function of 2aminoaldoses take place when these react with 

carbon disulphide,s5 giving monocyclic thiazohdin-2-thiones 88 (Scheme 12). 

OH 
OH 

R’ 

OH 
OH 
OH 

R’ 

Scheme 12 

A similar behaviour has been found in 1-amino-1-deoxyketoses. Thus, 1-amino-1-deoxy-D- 

fructose55,56 and its N-alkylderivatives57 react with S$ providing the monocycles 92. These compounds can 

be easily prepared5’ by treatment of N-alkylglycosylamines with carbon disulphide via an Amadori 

msrrangement.5s 

0: mb “-A? 
‘c 

H S &i 

RN’* ‘NH 

paha ( 
OH 

_Y_ 

HO 

OH 

R’ 

HO 

CH,OH 93 

91 92 
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Compounds 8 8 and 9 2 have never been transformed into furanoid thiazolidin-2-thiones having either a 

1 ,2-fusion (8 9) or a spiranic linkage (9 3), respectively. 59 It would appear from this result that structures such 

as 8 5 (X=S) cannot be formed by cyclisation of monocycles 8 4. Furthermore, compounds having structures 
8 4 and 8 6 have never been isolated or detected in the reactions of aminosugars with isothiocyanates under acid 

conditions, or by deacetylation of per- Gacyl thioureas. Also, electrophonetic analy~es*~~ have discarded the 

presence of a structure as 8 4. In addition, these results rule out the mechanism depicted in Scheme 12 as well as 
a direct displacement at the anomeric centxe, which would lead exclusively to 8 5 (X=S). This latter strategy can 

be appropiately exploited in the synthesis of glycopyrano[2,1-dJ-2-iminothiatilidines from per-&c&y1 

thioureido derivatives 94. Cyclisation was attempted by means of HBr/AcOHt* or with tin(W) chloride in 

dichloromethane, but in both cases cyclisation occurs invariably by sulphur attack (96). presumably via the 

intermediacy of the corresponding glycosyl halide 9 5. Still, further protection of the sulphur atom by converting 
94 into the isothiourea 97 gave the same type of cyclisation (Scheme 13). There are similar displacement 

reactions at non-anomeric positions of thioureido sugars, but imidazolidin-2-thiones could not be obtained.“O 

The foregoing route might also be employed in the synthesis of glycopyrano[2,1-&2-iminoselenazoliclmes.61 

I iii 

CH,Ot$ 
A~~~oAc i_ A~~~~ ~ A~~ “j 

RNH<N 
SBn 

RNH<;J 
PBn 

97 90 99 NHR 

Scheme 13. Reqe~~s: i, HBr, AcOH; ii, SnQ, CHzC12; 

iii, BnCI, NaHCO3, MeOH, A. 

Similarly to their oxoanalogues,* the synthesis of glycopyrano[2, I-dimidazolidin-2-thiones could be 

envisaged via the cyclisation of an anomerically deprotected thioureidosugar. The experimental findings of 
Scheme 14 for partially protected substram agree well with the mechanism portrayed in Scheme 9. The isolation 

of monocycles 6 0 and 6 8 evidences the participation of 10 1 as intermediate. This latter can lead either to 6 7 

and 6 8 in acid medium or can undergo acetate migration from C-4 to C-5 yielding 6 0. A similar behaviour was 

encountered for 68 that was converted into a mixture of 68 and 69 in the presence of silica gel. Again, 
structures nzU.ing from the nucleophilic participation of sulphur atom (e.g. 5 2) were not detected. 

Remarkably, it should be noted the acid-dependent transformation of 5 9 (indeed 10 1) into the bicycle 
6 7 and the unsaturated monocycle 6 8. Table 11 summarises the experimental results of such a cyclisation and 

those of 2 0 and 2 1. The ratio of unsaturated monocycle increases as acetic acid concentration does it. 
These results are in total agreement with the mechanism showed in Scheme 10 involving a bifunctional 

catalysis. The latter is more important in nonaqueous solvents,62 and this fact explains why the proportion of 

unsaturated monocycles increases in glacial acetic acid. 
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HO 

Table ll.Acid walmentof2Y.21~,aud10lb. 

’ 100“, 30 min.; b60”. 4 h.; ’ Actndy m d Detamioed by ‘H NMR integration; 

e30%fof2@and211uld50%for101. 

Since the spectroscopic characterisation of monocycles 2 O-2 5 and 30 is not completely unambiguous, 

the best characterization can be achieved by pmparing their acetyl derivatives (as 4 0.4 3. and 4 5, see Results). 
This transformation, however, should be performed at low temperatures for preserving the stereochemical 

arrangement of the starting monocycles. Upon heating, acetylated monocycles (as 39) undergo a smooth 
conversion into unsaturated systems (as 41) whose ratio increases as temperature increases. The trcar 

configuration of acetylated monocycles enables an easy pyrolytic syn-elimination of acetic acid through a six- 
membered pericyclic process. 

In summary, the reactivity of aminosugars toward isothiocyanates is analogous to that of isocyanates.2~5 

Scheme 10 constitutes an unifying approach for this type of reactions, and rationalises a wide variety of 
experimental results in the mactions of sugars and aminosugars with heterocumulenes that started over 100 years 

ago. It is expected that other processe s follow a similar mechanism as well, and an illustration of this assessment 
is depicted in Scheme 15. The monocyclic oxaxolidin-Zone 103, generated by controlled hydrolysis of N-[2-a 

(N-phenylcarbamoyl)-BD_glucopyranosyl]pyperidine (102), could be isolated and then converted into bicycle 

104 under acid catalysis.63 The formation of other bicyclic oxazolidin-2-ones can be explained in this way_64 

i i w& ,ph 

NnPh 
.a, 

102 104 

Cbl,OH 

103 

Scheme 15. Reagents: i aqueous HCI. 
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Assuming a similar mechanism to that outlined in Scheme 9, more complex reactions can also be 

explained. Thus, it has been recently described 6s the formation of four products at least (11 O-11 3) in the 

reaction of D-fructose with potassium tbiocyanate in acid medium. 

10s 
ChOH 

106 

OH 

OH 

cH,OH 

107 
- 

OH 

OH 

CH,OH 

4 \ NH 

HO 4 OH 

OH 

CqOH 
111 

toe 112 

Scheme 16. Reagnus: i, KNCS, aqueous HCI. 

The product formation can be elegantly rational&d invoking the participation of monocycles 108 and 

109 as intermediates (Scheme 16). These compounds are formed by intramolecular cyclisation of the 
isothiocyanate 10 7 with the neighbouring hydroxyl groups. 
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EXPERIMENTAL 
General methods have been previously described.* Benzoyl and ethoxycarbonyl isothiocyanates were obtained 6om Aldrich 

and used without further pmifmtion. 
2-(3-Benzoylthioureido)-2-deoxy-a-D-glucopyranose (15).- A solution of 2-amino-2-deoxy-a-D-glucopymnose hydm- 
chloride, 1, (1.1 g., 5.0 mmol) in water (2.0 mL) was treated with sodium hydrogencarbonate (0.42 g, 5.0 mmol). After 15 min., 
acetone (3.0 mL) and benzoyl isothiocyanate (0.7 mL, 5.0 mmol) were added with stirring and the homogeneous mixture was kept at 
room temperature overnight. The solvent was evaporated and the resulting syrup was washed repeatedly with ether and letI in the 
refrigerator for 12 h. Then, the resulting solid was fdtered off and washed with cold 96% ethanol, acetone, and ether to give 15 (0.9 

g, 53%) m.p. 193-194’C, [a]o +65’ (c 1.0. pyridine), [lit.** m.p. 185”C, [al,+83O (c 2.0, pyridine)]. vmax 3540-3000 (OH, NH), 

1640 (C=O), 1525 (NH), 1270 (C=S), 1600,760, and 715 cm-r (aromatic), 6, (200 MHz, DMSO-4) 11.37 (lH, s, CONH), 11.07 

(lH, d, J2+un7.8, NH), 7.94-7.52 (5H, m. Ar), 6.79 (lH, bs, OH-l), 5.28 (3H, m. H-l, OH-3, OH-Q 4.55 (IH, bs, OH-6). 4.32 
(lH, m, H-2). 3.69-3.40 (4H, m, H-3.5.6.6’) 3.26 (lH, t, Js.4 =.Jd,r 8.2, H-4). 

2-Deoxy-2-(3-ethoxycarbonylthioureido)-a-D-glucopyranose (16).- To a solution of 1 (0.65 g, 3.0 mmol) in water 
(7.0 mL) was added sodium carbonate (0.17 g, 1.6 mmol). After 15 min., acetone (15.0 mL) and ethoxycarbonyl isothiocyanate 
(0.35 mJ+ 3.0 mmol) were added with stirring and the homogeneous mixture was kept at room temperature for 6 h. The yellowish 
solution was concentrated until the appearance of white crystals, and then left in the refrigerator for 12 II. Crystals were tiltered off 

and successively washed with cold water, acetone, and ether to give 16 (0.5 g. 55%) m.p. 120-122°C. [u]o +79” (c 0.5, pyridine), 

[lit.** m.p. 168°C [alo +83” (c 1.0, pyridine)]. v_ 3560,35CO-3000 (OH, NH), 1730 (C=O. ester), 1535 (NH), 1245 cm-1 (C&j), 

6n (200 MHz, DMSOd) 10.98 (lH, bs, CONH), 9.96 (IH, d, .I ~~8.3, NH), 6.71 (IH, d, Jr,ou 4.4, OH-l), 5.18 (IH, t, J,* 3.7, 
H-l), 5.12 (IH, d, J3.o,, 5.4, OH-3). 5.08 (lH, d, J4,0u 9.9, OH-4). 4.53 (IH, t J 6,0u 5.5, OH-6). 4.25 (lH, m, J2,, 10.5, H-2). 

4.17 (3H, q, Jm.a 7.0, Et), 3.62 (4H, m, H-3, 5, 6, 6’). 3.22 (IH, m, Js,d -J4,s 9.0, H-t), 1.23 (2H, t, Et). 

1,3,4,6-Tetra-O-acetyl-2-(3-benzoyltbtoureido)-2-deoxy~-D-glucopyranose (17).- To a solution of 15 (0.23 g. 0.7 
mmol) in pyridhre (2.5 mL) was added acetic anhydride (1.5 mL), and the reaction mixture was left at room temperature for 15 h. 
Then, it was poured into ice-water, and the resulting solid was fdtered off and washed with cold water (0.22 g, 65%). Recrystallhed 
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from 80% ethanol had m.p. 94-96’73, [a]D +61° (c 0.5, chloroform), [lit.22 m.p. 132qC. [a]D +46” (c 2.0. chlorofcxm)]. v, 350& 

3000 (NH), 1750 (GO, ester), 1670 (0). 1530 (NH), 1235 (CX), 1230 (C-O-C), 1605,1495,780, aud 710 cm-1 (aromatic). 
1,3,4,6-Tetra-0-acetyl-2-deoxy-2-(3-ethoxycarbonyltbiooreido)-a-D-glucopyranose (18).- Compond 18 (97%) 
was obtained Mm 16 as &c&cd for 17, m.p. 83-8593 (%% ethanoD, [ab +51” (c 0.5, chloroform), v_ 3280, 3230 (NH), 
1750 (C=O, ester), 1725 (0, cackmate), 1535 (NH), 1250 (C=S), and 1220 cm-1 (C-O-C). Anal. found: C, 45.00; H, 5.49; N, 
5.79. C&d. for C,,H,,N,O,,S: C, 45.19; H, 5.48; N, 5.85. 

Preparation of l-aryl-4-(D-aiditol-l-yl)-5-hydroxyimldazolidin-2-thiones. 
PrccAreA.-Toasolutimof2 -aminc+Wxy-D-aldopyrawse hydrochloride (23.2 mmol) iu water (54.0 mL) was added sodium 
carbonate (12.3 mmol). After 15 mitt, aryl kothiocyanate (23.2 mmol) aud acetone (108 mL) were &led with stirring and the 
mixture was kept at room temperature for 30 min., and then it was heated at 8Or (external bath) for 15 min. The yellowish 
solution was fdtca’ed off, and the f&ate evaporated. The resulting solid was tilti off and successively washed with cold ethauol 
and ether. 

Pmcedm B.- To a solution of the corresponding 1,3.4,6-~~-~1-2-[3-~1(~1)~~~]-2[3-arylot or p-D-glucopyran~ 
(1.2 mmol) iu absolute methanol (18.0 mL), was added a saturated methanolic solution of ammonia (18.0 mL) cooled previously at 
-20°C. The reaction mixture was stirred at room temperature for 2 h, and then it was evaporated to dryness, and the residue 
crystallised tinm ethanol. 
(4R, 5R)-l-Pbenyl-4-(D-arabino-tetritol-l-yi)-5-hydroxyimidazolidin-2-thione (20).- From 1 and phenyl isothio- 

cyanate and following the pmcedme A, compound 20 (60%) was obtained, mp. 152-1549c (ethanol), [a]o +31° (c 1.0, pyridine), 

[lit.* m.p. 154r, [a], +47” (c 2.0, pyridine)], v, 3500-2900 (OH, NH), 1450 (NH), 1250 (C=S), 1600, 1495, aud 700 an-’ 

(aromatic), 6, (200 MHz, DMSO-rQ 8.43 (1H. s, NH), 7.49-7.21 (5H, m, Ar), 6.78 (lH, d, ll,oH 8.6, OH-l), 5.47 (1H. dd, 1,.* 

2.0, H-l), 4.84 (IH, d J3,0H 5.9,OH-3). 4.55 (lH, d, J,,OH 6. 4.OH-4). 4.51 (lH, d, Js,oH 7.6, OH-5), 4.37 (lH, f Js,oH 5.0, OH- 

6), 3.77-3.35 (6H, m, H-2 to H-6’). Anal. found: C, 49.54: H, 5.85; N, 8.87. Calcd. for C,,H,sN,O$: C, 49.67; H, 5.77; N, 

8.91. 

Following the procedure B, compound 20 was obtained either from l.3,4,6-tetra-0-~etyl-2-deo~y-2-(3-phenylthioureido)-a or B-D- 
glucopyranose, 26 (92%) or 27 (74%). 
Promlure C.- Compound 20 was also obtained following the method by Kruger and Rudy! A suspension of 2-amhu+Zdeoxy-D- 
glucopyranose66 (6.0 g. 33.5 mmol) and phenyl isothiocyanate (4.1 mL, 34.0 mmol) in absolute ethanol (34.0 mL) was heated at 
lm (external bath) for 10 min. The yellowish solution WBS faltered and, after cooling, a solid was obtained which was faltered off 
and washed with methanol, ethanol, and ether (7.9 g, 75%). Recrystallisation from ethauol gave pure 20. 
(4R, 5R)-1-(4-Metboxyphenyl)-4-(D-arabino-tetrltol-1-yl)-5-hydroxyimidaaolidin-2-thione (tl).- Fmm 1 ad 

4-methoxyphenyl isothiocyanate and following the lxocednre A, compound 21 (73%) was obtained, m.p. 170-1729: (ethanol), [a], 

+19O (c 0.5, pyridine), v, 3500-2900 (OH, NH), 2940, 2880. and 1250 (OCH,), 1445 (NH), 1600, 1580, 1510, and 830 cm-1 

(aromatic), 6, (200 MHz, DMSO-4) 8.30 (lH, s, NH), 7.29 (2H, d, J9.0, Ar), 6.93 (2H, d, Ar), 6.73 (1H. d, l,,oH 8.4, OH-l), 

5.38 (lH, dd, J,,2 1.9, H-l), 4.85 (lH, d, J3,0H 6.2, OH-3), 4.60 (lH, d, J4,0H 5.5, OH-4). 4.55 (lH, d, Js,oH 7.42, OH-5). 4.48 

(lH, d, J6,OH 5.1, OH-6). 3.75-3.35 (6H, m, H-2 to H-6’). Anal. found: C, 48.82; H, 5.84, N, 8.06. Calcd. for C,,H,,N,O,S: C. 

48.83; H, 5.85; N, 8.13. 
Following the procedure B, compound 2 1 was prepared from 1,3,4,6-teaa-O-acetyl-2d~xy-2-[3-(4-me~x~~yl)~o~i~]-a-~ 
glucopyranose,‘* 28, (99%). 
(4R, 5R)-1-(4-Bromophenyl)-4-(D-arabino-tetritol-l-yl)-5-hydroxyimidazolidin-2-thione (22).- From 1 and 4- 

bromophenyl isothiocyanate and following the procedure A, compound 22 (86%) was obtained, m.p. 157-159F (dec.), [a]D+26”(c 

0.5, pyridine), vrnsx 3500-3000 (OH, NH), 1455 (NH), 1230, 1210 (C=S), 1580, 1490, and 820 cm-’ (aromatic), 5” (200 MHz, 

DMSOd) 8.55 (lH, s, NH), 7.59-7.46 (4H, m, Ar), 6.87 (lH, d, J ,,ou 8.0, OH-l), 5.53 (lH, d, J,~Zcl.O, H-l), 4.92 (lH, d. J3,oH 

4.6,OH-3), 4.62-4.58 (2H, m, OH-4 and 5). 4.51 (lH, m, OH-6), 3.75-3.47 (6H, m, H-2 to H-6’). Anal. found: C, 40.14; H, 4.22; 
N, 7.29. Calcd. for C,,H,,BrN,O$: C, 39.71; H, 4.36; N, 7.12. 

(4R, 5R)-l-(l-Naphthyl)-4-(D-oraCino-tetritol-l-yl)-5-hydroxyimidazolidin-2-thione (23).- From 1 and l-naph- 
thy1 isothiocyanate and following the procedure A, compound 23 as monohydrate (82%) was obtained, m.p. 157-158aC (1:l 
ethanol-water). [a], +37” (c 1.0. pyridine), [lit.*dc m.p. 154-155oC], v_ 3500-3100 (OH, NH), 1615 (H,O),67 1460 (NH), 1250 

(C=S), 1600, and 770 cm-* (aromak), 6, (200 MHz, DMSO-&), 23a (major isomer), 8.35 (lH, s, NH). 8.07-7.43 (4H, m, Ar). 

6.88 (lH, d, J,,oH 8 0, OH-l), 5.32 (lH, d, J,,,<l, H-l), 5.04 (lH, d, J3.OH 6.0, OH-3). 4.73 (lH, d, J4,0H 6.4, OH-4). 4.65 (lH, 

m, OH-5), 4.49 (lH, m, OH-6), 3.91-3.49 (6H, m. H-2 to H-6’); 23b (minor isomer), 8.42 (lH, s, NH), 8.07-7.43 (4H, m, Ar). 
6.71 (lH, d, J,,OH 7.5, OH-l), 5.60 (lH, d, J&, H-l), 4.95 (lH, m, OH-3), 3.90-3.40 (6H, m, H-2 to H-6’). 
Procedure C- To a solution of 1 (0.5 g, 2.3 mmol) in water (5.0 mL) was added a solution of 1-naphthyl isothiocyanate (0.5 g. 2.7 
mmol) in pyridine (5 mL), and the reaction mixture was heated at 80’7: (external bath) for 15 min. After cooling, additional water 
(5.0 mL) was added and tie aqueous phase was washed with benzene (3 x 20 mL). Compound 23 crystalked from the aqueous layer, 
it was collected by filtration, and washed with cold water (0.4 g, 47%). 
(4R, 5R)-l-(l-Naphthyl)-4-(D-lyxo-tetritol-l-yl)-5-hydroxyimidazolidin-2-thione (24).- From 2-amino-2-deoxy- 

u-D-galactopyrauose hydrochloride and 1-naphthyl isothiocyanaIe and following the procedure A. compound 24 (71%) was obtained, 
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m.p. 183-185’C. [ab -6” (c 0.5, pyridine), vmpx 3500-3100 (OH, NH), 1480 (NH), 1270 (C=S), 1600,1525. and 770 cm1 (arrma 

tic), 6~ G?OOMHz, DMSOd). 24n (major isomer), 8.60 (lH, s, NH). 8.11 (lH, d, Ar), 7.96 (2H. m, Ar), 7.52 (4H, m. Ar), 6.85 
(lH, d, J,,oH 8.1, OH-l), 5.47 (1H. d, J ),a 8.2,OH-3). 5.43 (lH, d, J1,* <l, H-l), 4.65 (lH, bt-s, OH-6), 4.47 (lH, d, J,,oH 5.2, 

OHd), 4.37 tlH, d, J~,oa 6.O,OH-5). 4.10 (lH, bs, H-2). 3.92-3.25 (5H, m, H-3 to Hd’); 24b (minor isaner), 6.71 (lH, d, JIeoH 
8.0, OH-l), 5.58 (1l-I. d, J,,2 <l, H-l), 5.32 (lH, d. J 3.0H 5.0, OH-3). Anal. found: C, 55.96; H, 5.42; N, 7.64. Calcd. for 
C17HZ&o,S: C, 56.03; H, 5.53; N, 7.69. 
(4s, ~)-l-(l-Napbthy1)-4-(D-gufuc~o-pentitol-l-yl)-S-hydroxyimidazolidln-2-thione (25).-Fmm2-amin~2de.- 
oxy-BDglycero-L-gluco_heptopynmosezs and 1-naphthyl isothiocyanate and following rhe pmcedure A, compmmd 2 5 (75%) was 
obtained, m.p. 172-174°C (ethanol-water), [ab -3.5” (c 0.5, N,AWimed~ylfonnamick$, v_ 3600-3000 (OH, NH). 1635 (HzO)P7 

1480 (NH), 1260 (C=S), 1590,1500, and 765 cm-l (ammatic). a, (200 MHz. DMSO-4). 25a (major isomer), 8.40 (lH, s, NH), 
8.20-7.35 (7H, m, Ar), 6.91 (1H. d, J 1,~ 7.9. OH-l), 5.36 (lH, d, Jl.2 0.0, H-l), 5.20-4.10 (4H, m, OH-3 to OH-6). 4.00-3.31 
(6H. m, H-2 to H-6’): 25b (minor isomer), 6.75 (1H. d, J 1,0~8.0, OH-l), 5.64 (lH, d Jl,* 0.0, H-l). Anal. found: C, 53.78: H. 

5.99; N, 7.20. Calcd. for C,sH22N#&l/2H20: C, 53.59; H, 5.75; N, 6.94. 

1,3,4,6-Tetra~-acetyl-2-deoxy-2-(3-phenylthioureido)~-D-glucopyranose (26).- To a solutioo of calcium 

carbonate (1.3 8.. 13.0 mm00 in water (130 mL) was a&led a solution of l,3,4,6-tetra-O-zetyl-2-ami~2deoxy-crD-glu~ 
hyaochloriae* (10.0 g.. 26.1 mmol) in dichloromethane (130 mL), and rhe reaction mixture was vigorously stirred at room 
temperature for 30 min. ‘Ibe organic layer was separated, washed with water, dried (MgSO,) and concenuated until 50 mL. Then, 
phenyl isothiocyanate (3.5 g., 26.1 mmol) was added and the mixture was kept at room tempemture for 24 h. The solvent was 
evapomted to dryness and the resulting oil was crystallised f’mm ethyl acetate-light petroleum to give 2 6 (7.6 g, 60%), m.p. 89- 

9OT. lab +85” (c 1.2, chloroform), &JJ3OH) 244 and 268 mn (h 16.5 and 15.3), V, 3340 and 3210 (NH), 1750 (c-0, 

ester), 1530 (NH), 1225 (C-O-C), 1595, 750, and 700 cm-l (aromatic). Anal. found: C, 52.04; H, 5.45; N, 5.69. Calcd. for 
C2,H2&QS: C, 52.28: H, 5.43: N, 5.80. 

l,3,4,6-TetrsO-scetyl-2-deoxy-2-(3-pbeny~thioureido)-~-D-glucopyranose (27).- Compound 27 (59 %) was 
prepared from 1,3,4,~te~-O-acetyl-2-amino-2~xy-gD-glucopyranose hydrochloride1 4 as described for 2 6. Crysmllised fnnn e&r 

bad m.p. 105-107°C. [alo +16’ (c 1.0, chloroform), vmu 3320 and 3270 (NH), 1750 (GO, ester), 1545 (NH), 1220 (C-O-C), 

1595,1510,750. and 690 cm-1 (aromatic). Anal. found: C, 52.36; H, 5.32; N, 5.81. Calcd. for C2,H2dV2QS: C, 52.28; H, 5.43; 

N, 5.80. 
(4R, 5R)-l-Methyl-4-(D-arobino-tetritol-l-yl)-5-hydroxyimidazolidin-2-thione (30).-F- l,3,4,6-tetra-0-acetyl_tra-&~etyl- 
2-deoxy-2_(3-methyl~~~i~)~-~gl~~~* 9 (2 9). and following the procedure B, compound 3 0 (99%) WBS obtained, m.p. 
144-145oC (ethanol), [a]D +75’ (c 0.5. N,Wdimethylfonnamide), v, 3500-3100 (OH, NH), 1490, 1450 (NH), and 1270 cm-’ 

(C=S). SH (200 MHz, DMSo_ck) 7.85 (lH, s, NH), 6.53 (lH, d. J ,,o~ 7.2, OH-l), 5.02 (lH, dd, J,,2 2.8, H-l), 4.64 (lH, d, J3,0H 
6.2,OH-3). 4.53 (lH, d, J4,0H 5.l,OH-4), 4.47 (lH, d, J 5.0” 7.7,OH-5). 4.41 (lH, d. J6.0~ 5.O,OH-6). 3.60-3.28 (6H, m. H-2 to 

6’). Anal. found: C, 37% H, 6.53; N, 11.06. Calcd. forCsH1&J20sS: C, 38.09: H, 6.39; N, 11.10. 
Reaction of 16 in basic medium.- To a solution of 16 (0.02 g. 0.06 mmol) in water (1.0 mL) was added pyridine until pH 8. 
The reaction mixture WBS heated at 50°C (extemal batb) for 16 h. Tmnsformation into a monocyclic imidazolidin-2-thione was not 
detected by t.1.c. (chloroform-methanol 3: 1) or NMR spectroscopy. 
Preparation of l-aryl(alkyl)-(1,2-dideoxyglycofurrno)[2,l~Imidazolidin-2-thiones. 
A suspension of l-aryl(aUcyl)-4-~-~Iditol-l-yl)-5-hy~xy~~li~n-2-~ione (0.7 mmol) in 30% aqueous acetic acid (10.0 mL) 
was heated at 100°C (external bath) for 30 min. ‘Ibe hot solutioo was filtered off and, r&r cooling, the title compound crys~allised. 
l-Phenyl-(l,2-dldeoxya-D-glucofurano)[2,l~imidazolidin-2-thione (31).- a) From 20, compound 31 (83%) was 

obtained, m.p. 209-21l’C. [a]o+6l”(c 0.5, pyridme), [lit.* m.p. 208’C, [a]D +58” (c 2.0, pyrkline)], v_ 3420, 3380, 3300-3C00 

(OH, NH), 1475 (NH), 1240, 1230 (C=S), 1595, 1585, 1490, 1450,760, and 695 cm-’ (aromatic), 6, (200 MHz, DMSO-& 9.16 

(lH, s, NH). 7.50-7.23 (5H, m, Ar), 5.97 (lH, d, J1,2 6.3, H-l), 5.39 (lH, d, J 3,0H 5O,OH-3). 4.79 (lH, d, Js,OH 4.7, OH-5), 4.55 

(lH, t, Ja.0~ 5.3, OH-6). 4.18 (lH, d, Jz,~ 0.0, H-2). 4.13 (lH,dd, J3,4 1.8, H-3), 3.73 (IH, m, H-5). 3.67 (1H. dd, J4.5 8.6, H-4), 
3.59 (lH, m, Js.6 2.3, Jc.6, 11.0, H-6). 3.41 (IH, m, J5.6. 5.4, H-6’). 

b) A solution of 2 0 (0.3 mmol) in glacial acetic acid (3.0 mL) was heated at 1WC (external bath) for 30 min. Solvent evaporation 
and NMR analysis of the crude product revealed a mixture 85: 15 of 3 1 and 4 8. 
l-(4-Methoxypbenyl)-(1,2-dideoxy-a-D-glucofurano)[2,ld]imidazolidin-2-thione (32).- a) From 2 1, compound 

3 2 (81%) was obtained, m.p. 218-220°C. [a]” +67” (c 1 .O, pyridioe), [lit.7 m.p. 225°C. [aID +74” (c 2.1, pyridine); lit. m.p. 235- 

236’C. (c 2.1, N,N-diiethylformam ide)], 

8” (200 MHz, DMSO-& s, NH), 7.29 (2H, 9.0, Ar), 6.93 d, Ar), 

5.88 (lH, J,,* 6.4, H-l), 5.36 (lH, d, J3/,H 5.0, OH-3). 4.78 (lH, d, J 5.0” 5.7,OH-5), 4.55 (lH, t, J6.0,, 5.6, OH-6). 4.15 (lH, 
d, J2.s 0.0, H-2), 4.11 (1H. dd. J3,4 2.0, H-3). 3.76 (3H, s, OMe), 3.65 (lH, dd, J4,5 8.6, H-4), 3.73-3.44 (3H. m, H- 5. H-6, and H- 
6’). 
b) A SOMOO of 2 1 (0.3 mmol) in glacial acetic acid (3.0 mL) was healed at 100°C (external bath) for 30 min. Solvent evaporation 
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l-(4-~romophenyi)-~1,2-didcoxy~-D-giucofuraao)[2,l_dlimidazoUdin-2-thione (33).- From 22, compound 33 
(83%) was obtained. m.p. 235-237X [ab&O” (c 1.0, pyridine), [lit.15 m.p. 232-234T]. v - 3440,33543300-3000 (OH. NH). 

1480 (NH), 1230 (C=s). 1590. 1580, 1495, znd 825 cm-’ @mat@, 6,, (200 MHZ, DMSO-4) 9.27 (1H. s, NH), 7.58 (2H, d, J 
8.8, A0, 7.47 (W, d Ar), 6.00 (lH, d, J,,2 6.3, H-l), 5.41 (lH, d, J 3.0~ 4.9,OH-3), 4.79 (lH, d, Js,on 5.6, OH-5). 4.55 (iH, t, 

J6.0~ 5.O.CH-6). 4.19 (lH, d, 52.3 0.0, H-2). 4.14 UH, dd, 53.4 1.9, H-3). 3.67 (lH, dd, J*,s 8.7, H-4). 3.74 (lH, m, Js,6 3.4, J3,6+ 

5.1, H-5), 3.57 (IH. tn. J6.6, 11.1, H-6), 3.43 (IH, m, H-6’). 

l-(l-~zp~t~yi)-~l,2-dideoxy-or-D-giucef~reno)[2,l~imidzzoiidin-2-t~ione (34).- From 23, compolmd 34 (9296) 
W&J obeaiwa mp. 192-194T (80% ethanol), [ah +!F (c 0.5, pyridine), Wt_s 1 mp. 237-239°C. [a]D +123” (C 2.0, pyridine)], V, 

35@3000 (OH, f’W 1460, 1440 O’JH), 1270, 1230 K=Sh 1585, and 760 cm-t (armnadc), 6n (200 MHz, DMSO-r& ), 34a 

(major isomer), 9.23 (lH, s, NH), 7.97-7.37 (7H, m, Ar), 5.87 (iH, d, J 3.0~ 6.2,OH-3), 5.40 (lH, bs, H-l); 34b (minor isomer), 
6.03 (lH 4 J3.o~ 6.4,OH-3). 

l-(l-~ap~t~yi)-~l,2-didooxya-D-gaiectofurzno)[2,l~]imidazoiidin-2-thione (35).- From 24, compound 35 
(41%) was ObtsineQ mp. l68-l70oC (dec., ethanol-water), [ab+i9” (C 0.25, N,Wknethyifoonamke), V, 3500-3000 (OH, NH), 

1670 (H20h6’ 1470 (NH), 1265 (C=S), 1600, 1510, 1455, and 780 cmt (aromatic), a, (200 MHz, DMSO-&), 35~ (mapr 

tsOmer). 9.27 (1H. 4 NW. 8.02-7.50 (7H, m, Ar), 5.87 (IA, 4 J,.2 6.7, H-l), 5.57 (HI, d, Js,ou 4.7. OH-3). 4.81 (lo, d, ~3,~~ 

4.7, OH-5). 4.72 (lH, 5 Ji.0~4.8, OH-6). 4.44 (lH, d, 6.3 0.0. H-2). 4.35 (lH, m. J3.& H-3), 3.93 (HI, dd, J,.3 5.4, H-4) 

3.60-3.40 (3H. m H-5, H-6, and H-63; 35b (minor isomer), 5.95 (lH, d, 4.2 6.5, H-i). 4.62 (lH, t, JsvOH 4.8, 0H-6). Anai. 

found: C, 57.51; H. 5.43; N, 7.87. Calcd for Ct~H,sN#&i/2H20: C, 57.45; H. 5.39: N. 7.88. 

l-(l-Nzphthyl)-(l,2-dideoxy-~-D-gfycero-L~fxc~heptofurano)[2,l~imidzzoiidin-2-thione (36).- From 25, 
qmd 2 6 (72%) wzs obtained, m.p. 176178°C (50% ethanol). [a]n -53.5” (c 0.5, N,Wdimetbyifomumdde), v, 3520, 3500- 

3000 (OH, NH). 1445 (NH), 1265. 12.45 (C=S). 1600, 1470, aad 780 cm-t (mrmatic), 6n (200 MHz, DMSO-4). 36a (major 

kon@. 9.25 (iH. s. NH). 8.10-7.50 (7H. m. Ar), 5.88 (lH, d, J1.2 6.0, H-l), 5.41 (iH, bs, OH-3), 4.69-3.42 (3H. m, OH-5, OH- 
6, and OH-7). 4.48 (iH, d J2.s 0.0, H-2). 4.69-3.42 (6H. m, H-3 to H-7’); 36b (minor isomer), 6.02 (iH, d, J,,i 6.4. H-i). Anal. 

found: C. 56.88; H, 5.31; N, 7.34. Cakd. for C,,H,,,N,CI$: C, 57.43; H, 5.36; N, 7.44. 

~-M~tbyi-(1,2-dideoxy-a-D-glucofurano)[2,l~imidazoiidin-2-thlone (37).- From 30, a mixture of compounds 37 

and 38 in proportiw. 9:1 was obtained. RecryskOkadon from etbanoi gave pute 3 7, m.p. 170-172°C. [aID s” (c 1.0, pyridine), 
[lit* m.p. 189°C. [ah -5”(c 2, pyridinc)], v_ 3500-3ooo (OH, NH), 1485 (NH), s, (200 MHz, DMSO-r.&) 8.67 (lH, s, NH), 

5.69 (lH, d, J1.2 6.0, H-l). 5.29 (lH, d, Js,on 4.5,OH-3). 4.72 (iH, d, J S,OH 5.6,OH-5). 4.50 (1H. L J6,on 5.3, OH-6) 3.99 (2H, 

4 52.3 0.0, H-2, 3), 3.72 (iH, m, H-5). 3.58 (lH, m, J3,6 3.7, J 6.6’ 10.6, H-6). 3.44-3.32 (2H, m, H-4, H-6’). 2.95 (3H, s, Me). 
Reaction of 16 in acid medium.- Following the general procedure for the preparation of i-aryi(alLyl)-(i,2_dideoxya-~ 
gtycofurano)]2,i-d]imidarolidin-2-tbiones, 16 could not be transformed into a bicyclii compound. 
Reaction of u) and 21 in glacial acetic acid.- A solution de 20 or 21 (0.3 mmol) in gkcii acetic acid (3.0 ml,) was 
heated at 100°C (external bath) for 30 min. Then, it was concentrated to dryness and tbe residual mixture was anaiysed by t.1.c. and 

Nbfgspecrroscopy. 
Acetyiation of 20.- To a solution of 20 (0.1 g., 0.3 mmol) in pyridine (0.5 mL) was added acetic anbydride (0.7 mL), and tbe 
reaction mixture was kept at different temperatmes for two days. After beiig poured into ice-water, tbe resulting solid was filtered 
off, wasbed with &d water, dried and anatysed by NMR spectroscopy. At -35T 2 0 gave a mixture of 39 ad 41 (0.07g.); at -15°C 

41 and39 (0.11 g., ratio 41/39=1.4); atO”C 39. 40, and 41 (0.14 g., ratio 39/40=1.5); at 8O’C 41 (0.05 8). (4R, 5R)-5- 
Acetoxy-N_acetyl4(1,23Ptetra-~~l-~~-~~~i-l-yl)-l-~enylimidazolidin-2-tbione (4 0) was separated (17%) by 
pqarative t.1.c. (benzene-acetone 3:l). Reaystatlised from 96% ethanol bad mp. 49-SO”C, [alo -14O (c 0.5, chloroform), v_ 1745 

(GO, ester), 1690 (GO amide), 1230 @Xi), 1220 (C-O-C), 1590, 1585, 1495, 1450,730. and 690 cm-t (aromadc)(neat). Anal. 
found C, 53.08; H, 5.48; N, 4.88. Calcd. for C2sH3sNsOt 1s: C, 53.00; H, 5.30; N, 4.95. 

Acetyiation of 21.- Acetylation of 2 1 was carried as described for 2 0. At -35°C 2 1 gave a mixture of 42 and 4 47 (0.06 g., 
ratio 44/42=2.0); at -15“C 42 and 44 (0.09 g., ratio 42/44=0.7); at 0°C 42 and 43 (0.13 g., ratio 42I43E9.5); at room 
temperature 43 and 44 (0.15 g., ratio 43/44=2.1); at 80°C 43 and 44 (0.05 g.. ratio 44/43=4.1). Solid obtained at room 
temperature was recrystailised from etbanoi-water to give pure (4R. 5R)-5-acetoxy&acetyi4(1,23.4-tetra-0-acetyl-Dambino- 
tetritoi-l-yi)-l-(4-metboxypbenyi)imidazolidin-2-tbione, 43. (51%), m.p. 99-1WC: [a]D -8.00 (c 0.5 chloroform), v_ 2840 and 

1240 (OCHs), 1740 (GO ester), 1690 (GO amide), 1200 (C-O-C), 1600,1580, 1510, and 720 cm-t (aromatic). Anal. found: C, 

52.30; H, 5.42; N, 4.67. Cakd. for C26H32N20,2S: C, 52.35; H, 5.41; N, 4.69. 

(4R, 5B)-5-Acetoxy-l-(l-napbtbyi)-4-(1,2,3,4-tetra~-acetyi-D~ru~~no-tetritoi-l-yl)imidazoiidin-2-tbione 
(45).- (1.0 g, 2.7 mmol) (5.5 mL) was added (6.8 and the reaction mixture 
was at -15°C After being into ice-water, white solid witb water 
(1.5 94%). 151-152’C (96% [aID i43.5” (c chloroform), 3180 (NH), 1750 (GO, ester), 1425 

(C=S), 1210 1595, 1505, cm-t (aromatic). Anal. 5.52: N, 4.87. 
5.26; N, 4.86. 
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Transformation of 45 into 46.- A solution of 45 (0.08 g) iu DMSO_rk (0.5 ml) was heated and its tnmsfotmatitxt monitored 

by NMR. A total conversion into l-(l-naphthyl)~-(l,2.3,4-tetra-O-acetyl-D-ambino-tetritol-l-yl)imidazolio-2-tbione (46) Was 

Acetylation of 48.- To a solutioo of 488 (0.3 mmol) in pyridiue (1.2 ml) was added acetic anhydride (1.2 ml), and the nmctfon 
mixture was kept at ditfemnt tempemmros for two days. After bemg pmued into ice-water, tk. resuhing solid was filtered off and 
washed with cold water to give almost exclusively 1-phenyl-4-(1,~3,4-tO~i-~~~~~l-1-yl)imidmolin-2-lhione 
(41). At -3X:, 66%; at -WC, 86%; at O’C, 77%; at mau tcmpemtutc. 4896, at 45°C. 33%; at 8OV:, 86%. RccrystaUiscd from 
%% &au01 had m.p. 108-lO!K, [ah -6Y(c 0.5, chlumfonu). v, 1755.1740 (GO, ester), 1250 (C=S), 1215 (C-O-C), 1600, 

1500,760, and 690 (ammatic). Anal. found: C, 53.66, H, 5.22, N, 5.77. Calcd for CZ,H24NsCsS: C, 54.30; H, 5.21; N, 6.03. 

Acctylation of 49.- To a solutioo of 49 (0.1 g., 0.3 mmol) in pyridiuc (1.1 mL) was zdded acetic zuhydridc (1.1 mL), and the 
rcactionmixtnmwzskcptatdifkmnt~ for two days. After hciog puumd into icewater, the resulting solid was fdtcted 
off, washed with cold water aud dried tu give a mixtutc of 447 and 51. At room tcmperaturc, 0.062 g., (ratio 44/51=1.1); at 45”c, 
0.08 g.. (ratio 51/44=1.6); at 8o=Cc, 44 was only otmiucd (0.12 g., 80%). 
2-Pbenylamlno-(3,4,6-tri-O-acatyl-1,2-dideoxy-a-D-giocopyrano)[2,l-d]-2-tbiazoline (52).- To a solution of 26 
(4.0 g. 8.3 mmol) in dichloromethznc (200 mL) was added tio(IV) chloride (4.0 mL), snd the reaction mixture was stirred zt mum 
temperature for 24 h. Theo, it was filtered and the organic phase was washed with szturatcd aqueous solution of sodium 
hydmgtxzMx~nste, water, dried (MgSOJ, and evaporated to dryness. The residue was crystallised from ether (3.1 g. 89%). mp. llO- 

111F (ethyl acetateether), [al, -5” (c 0.5, chloroform), v, 3320 (NH). 1760, 1740, 1720 (C=O, ester), 1635 (C=N), 1535 (NH), 

1600, 1510,1460,760, and 695 cm-1 (aromatic). Anal. found: C, 54.26; H, 5.37; N, 6.60. C&d. for C,sHzzN&S: C, 54.02; H, 
5.25; N, 6.63. 

2-Pbeoylamino-(l,2-dideoxy-a-D-giucopyrano)[2,l-~-2-tbiazoline (53).- Dcau~ylatiou of 52 (0.7 g, 1.7 unnol) 
following the general procedure with smn~ooiz in methanol (see above) gave 53 (0.42 g. 86%), m.p. 193-197C (dec.), [a]D +137’ 

(c 0.5. pyridine), v_ 3500-2300 (NH, OH), 1570 (NH), 1590, 1490,730, and 685 cm-1 (arunatic), Sn (200 MHz, DMSO-&) 9.0 

(lH, bs, NH), 7.38 (2H, m, Ar), 7.23 (2H, t, Ar), 6.93 (lH, t, Ar). 6.25 (lH, d, .f,.s 6.2, H-l), 5.21 (lH, d, J3,on 4.6,OH-3). 5.02 

(1H. d J,,ou 5.2,OH-4), 4.96 (1H. t, &on 4 7, . OH-6), 3.97 (lH, bt, J,,, -5, H-2), 3.80 (1H. m. J3,4 -5, H-3). 3.64 (lH, m, JaJ 
9.4, H-4). 3.46 (2H, m, H-6, H-6’). 3.34 (lH, m, H-5). Anal. found: C, 52.90; H, 5.60, N, 9.45. Cakd. for C,,H,,N,O,$: C, 

52.69; H, 5.44: N, 9.45. 
3-Acetyl-2-pbenylimino-(3,4,6-tri-O-acetyi-l,2-dideoxy-a-D-glucopyrano)[2,l-~]tbiazolidine (54) and 2-N. 
pbenylacetamido-(3,4,6-tri-O-acetyl-1,2-dideoxy-a-D-glucopyrano)[2,l-d]-2-tbiazoline (55).- Cooveoticmal 
treat-meot of 53 (0.4 g, 1.4 mmol) with acetic zuhydridc (3.2 mL) in pyridme (4.0 mL) at OC for 12 h., gave a mixture of 54 and 
55 (0.44 g). which was separated and purified by preparative t.1.c. (benrene-acetone 3:l). Compound 54 (0.05 g, 7%). syrup, had 

[a], -81.5 (c 0.8, chloroform), v_ 1745 (C=O ester), 1690 (CO amide), 1650 (C=N), 1240 (C-O-C ester), 1595, 1490,770, and 

700 (aromatic). Mass spectrum: m/z 464.1250. Calcd. for M+ of CZIHz4NZOsS: 464.1253. 

Compound 55 (0.3 g. 48%). syrup, had [a],-53.0 (c 1.0, chloroform), v_ 1750, 1740. and 1730 (GO ester), 1700 (C=O amide), 

1630 (C=N), 1240 (C-O-C ester), 1600,1590,1490,760, and 700 cm-1 (aromatic). Mass spectrum: m/z 464.1238. Caicd. for M+ of 
Ct,H,,N,OtS: 464.1253. 
1,3,4,6-Tetra-0-acetyl-2-(2-benzyitbio)cyclobexyliminometbylamino-2-deoxy-~-D-glucopyraoose (57).- Toa 
sohuioo of 1,3,4,6-leua-O-acetyI-2-(3cyclobexyl~~~)-2~x~a-D-~u~~o~, l* 56, (1.5 g, 3.1 mmol) in ethanol (10.0 
mL) was added benzyl chloride (6.0 mL, 52.1 mmol) and sodium hydrogencarbonate (5.0 g, 59.5 nunol). The reaction mixture was 
heated at reflux for six hours. The inorganic salts were filtered and the resulting solution evaporated until the formation of crystals 

(0.3 g, 17%). Recrystalbsed from ethanol had mp. 9899°C. [n]o +28” (c 1.0, chloroform), h_(EtOH) 270 nm (Ed 4.70). v_ 

3450 (NH), 1745 (C=O, ester), 1610 (C=N), 1500 (aromatic), and 1240 (C-O-C). Anal. found: C, 58.01; H, 6.70; N, 4.80 Cakd. 
for CrSH3sNZQ,S: C. 58.10; H, 6.61; N, 4.84 

3,4,6-Tri-O-acetyl-2-deoxy-2-(3-pbenyltbioureido)-~-D-glucopyraoose (59).- To a solution of66 (3.0 g. 7.8 mmol) 
in pyridme (30.0 mL) was added, with stirriog, pheoyl isothiocyanate (1.0 mL, 8.3 mmol). After 24 h. at room temperature, the 
reaction mixture was poured into ice, and the resuhiog oil was extracted with chloroform. The organic solution was successively 
washed with N hydrochloric acid, saturated aqueous solution of sodium hydrogeocarbonate, aud water, and dried over auhydrous 
magnesium sulphate. The solution was evaporated and the amorphous residue was crystallised from ether to give 59 (2.4 g, 71%). 

m.p. 156-158°C (ethanol-water), [a], +lll”(c 0.5, chloroform), v_ 340-3100 (NH, OH), 1740. 1710 (GO, ester), 1540 (NH), 

1270 (C=S), 1240, 1220 (C-O-C), 1600, 1495. 1450,760, aud 700 (aromatic). Anal. found: C, 52.11; H, 5.56; N, 6.32. Calcd. for 
C,,H,,N,OtS: C, 51.81; H, 5.49: N, 6.36. 
(4R, 5R)-l-Phenyl-4-(1,3,4-tri-O-acetyi-D-ara~~ao-tetritol-l-yl)-5-bydroxyimidazolidin-2-tbione (60).- a) A 
suspension of 26 (1.0 g. 2.1 mmol) and silica gel (1.0 g) in absolute methanol (100 mL) was stirred vigorously at room 
temperature for 24 h. Silica gel was filtered off and washed with acetone (3 x 40 mL). The combined extracts were evaporated to give 
a white foam (1 .O g), which was purified by flash chromatography (benzene-acetone, 3:l) giving 60 as an hygroscopic amorphous 
solid (0.6 g, 63%), m.p. 4749oC, [a]n +lO”(c 0.5, chlorofooo), vmal 3700-3000 (NH, OH), 1760 (GO, ester), 1240 (C-O-C). 
1610. 1515, 775, and 710 cm-l (aromatic). Anal. found: C, 52.43: H, 5.69; N, 5.88. Calcd. for C,,H,,N,O,S: C, 51.81; H, 5.49; 
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N. 6.36. 
b) A sus~ion of 59 (0.1 g, 0.2 mmol) and silica gel (0.1 g) in absolute methanol (10.6 mL) was stirred vigorously at room 
tempemtum for 24 h. SiIia gel was iike& off and washed with acetone (3 x 10 ml& Tbe combined extracts wen: evapxate4I to give 
a white foam (0.1 g), which was purified by pmpamtive t.1.c (benzene-wne, 3:l) giving 60 as amorphous solid (0.07 g, 65%). 
Acetylation of 60.- To a solution of 60 (0.2 g. 0.45 mmol) in pyridine (1.0 mL), wzs added acetic anhydride (0.7 mL). The 
reactiak mixture was kePt at O@ for 12 4 and then it was pour& into ice. The. xesulting &ii (0.14 g) was purified by pmpamtive 
t1.c. (bfmzene-m 3:l) to give 40 (0.04 g, 16%) aad 41 {O&5 g. 21%). 
(4R, SR)-4-(4-0-AcetyI-D-ora6inc-tttritol-l-yl)-l-phenyl-5-hydroxy~midazolid~n-Z-t~~one (61).- A sag 
of 26 (1.0 g, 2.1 mmoi) and silica gel (1.0 g) ia absolute me&m01 (100 ml,) was stirred vigorously at mom tempera- for 3 days. 
Work-up as described above for60 and puiiflcatiot~ by tlasb chmmztography (chloroform-me&anol,15:1) afforded 61 (0.02 g. 2%). 
m.p. 146-148qC. vmn 3500-2900 (NH, OH), 1725 (C=O, ester), 1460 (NH), 1260 (C=S), 1220 (C-O-C), 1600,1500,745, and 690 

(aromatic). Mass spectrum: m/z 338 (M+ - H*O). Calcd. for M+ of CIsHZ0N206S: 356. 

1-Pheny1-(3,5,6-tri-0-acetyl-1,2-dldeoxy-a-D-glucofurano)[2,l-~imfdazolfdin-2-tbtone (62).- A suspension of 
60 (0.4 g, 1.0 mmol) in ethanol-water (10 mL) was heated at 80X2 for 10 min. After co&Q, 62 crystallised (0.1 g, ‘26%), m.p. 
155-15=, [u]D +870 (c 0.5, chloroform), pit. *2a m.p. 152-154T, [ah +87O (c 0.5, chlomfonn)], v_ 3300 @@I). 1745, 1735, 

1710 (C=O ester), 1425 (NH), 1250 (C=S), 1235,122O (C-O-C), 159.5, 1495,770,760 and 690 cm* (aromatic). 
Transformation of 61 into 63.- This transformation was monitored by NMR in a sample prepamd as follows: to a solution of 
61 (0.01 g, 0.03 mmol) in DMSO-d, (0.5 ml) a drop of acetic acid was added and the reaction mixtme was keep at room 
temperature. After several days, NMR spectra showed a total conversion into I-phenyl-(6-O-acetyl-1,2-dideoxy-a-D- 
gluc&mmo)[2,l&nidazolidin-2-thione (63). 
3,4,6-Trl~-acstyl-2-amino-2-deoxy-a-D-glucopyranose hydrobromide (66).- To a solution of 3,4,6-t&f?-tre@l-2- 
~xy-2-[(~2~xy~yl~yl~]~-D-~~, 3’.38 65, (12.0 g, 25.3 mmol) in cldorofonn (90 a&) was added 
dropwise a solutbm of bromine (1 .l mL, 21.9 mmol) in chloroform (73 mL) and waax (0.4 mL). The reactiMl mixmm was kept at 
~tempetature,and~-30~.,cry~~todrplaEe.Tbe~wa,skeptatOCI:for4h,andlhenthe~~tw~fi~ 
off and washed with et&r (6.1 g, 62%), m.p. 193-197cC (methanoletber), [aIn +88”(c 0.5, pyridine), v_ 35002800 (NH, OH), 
1740 (C=O, ester), 1590,156O (NH), and 1210 m1 (C-O-C). Anal. found: C, 37.49; H, 5.29; N, 3.58. Calcd. for C12H,0BrNOs: 
C, 37.32; H, 5.22; N, 3.63. 
1-Phenyl-(3,4,6-trt-O-acetyl-1,2-dideoxy-a-D-glucopyrano)[2,l~imidazolldin~2~thione (67).- a) A solution of 
59 (0.08 g.. 0.18 mmol) in 50% aqueous acetic acid (2.0 mL) was heated at 6OoC (external lx&) for 4 hours. The reaction mixture 
was any until dryness and the residue, a mixture 8215 of 67 and 1-phenyl4(1,2,4-tO-~~l-D~~~~~l-l- 
yl)iiidazolm-zthione, 68, was uystalIised from ether-light petroleum to give 67 (0.06 8.. 75%). m.p. 77-8Ov. [alD+53’(c 0.5. 
cllkxoform), v_ 3500-3100 (NH), 1750 (C=O, ester), 1435 (NH), 1240 (C-O-C, ester), 1600, 1505, 1460, 765, and 700 an-* 
(aromatic) (neat). Mass spectrum: m/z 422.1145. Calcd. for M+ of C,9H22N20$: 422.11476. Anal. found: C, 53.65; H, 5.21; N, 
6.45. Calcd. for C,,H,,N@,s: C, 54.02; H, 5.25; N, 6.63. 
b) A solution of 59 (0.15 8.. 0.3 mmol) in glacial acetic acid (2.0 mL) was heated at 609c (external bath) for 2 b. Solvent 
evapn&on and NMR analysis of the crude product revealed a mixture 3:7 of 67 sod 68, which was qarzted =and purified by 
preparative t.1.c. (benzene-acetone 3~1) to give 67 (0.034 8.. 24%) and a mixture of 68 and 69 (0.095 g.. 68%). This mixture of 
isomers had mass spectrum: m/z 422.1155. Calcd. for M+ of t&HZ2N&S: 422.1155. 
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