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Abstract: Design and synthesis of a potential chitinasc inhibitor 4, related to allosamidin (2), is
described. Radical cyclization mediated hy tributyltin hydride was applied for the first time to
chitubiose-derived oxime ethers 9a.h 1o give four sterevisomers of an aminocyclopentanc derivative
connected to an N-acetyl-D-glucosamine residuc at C-1 position. The major isomer 10b was efficiently
converted into a novel pseudodisaccharide 4 via a serics of cyclic-guanidine formation reaction.
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In the course of our studies on the utilization of oligosaccharides as key starting materials for the syntheses of
biologically active compounds,! we have established an efficient method for the preparation of B-(1—4)-linked
amino sugar disaccharide, N,N'-diacetyichitobiose (1),2 and achieved total synthesis of a natural chitinase
inhibitor, allosamidin (2)3 therefrom.# Furthermore, we have continued to prepare artificial analogues of 2 in
order to develop new chitinase inhibitors as insecticides and antifungal agents.3 Recently, allosamidin-like
pseudodisaccharides have been synthesized and reported to inhibit some chitinases.® i. c., a pseudodisaccharide
3 obtained by acidic hydrolysis of a congener of 2 was a potent inhibitor against the chitinase from a pathogenic
yeast, Candida albicans.58 Independently, cyclic guanidine derivatives carrying hydroxyl groups resembling an
amino cyclitol moiety of 2 have been shown to be good competitive inhibitors for glycosidases.” These findings
prompted us to design a novel pseudodisaccharide 4 containing N, N-dimethylguanidine as a potential chitinase
inhibitor. The N,N-dimethylguanidine moiety was expected to show a stronger affinity for a carboxyl group in
an active site in the enzyme than the core structure of 2. Described herein is a facile synthesis of 4 employing 1
as a key starting material 8
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Our synthetic strategy dirccted toward 4 involved an installation of N,N-dimethylguanidine on a 3,4-cis;4,5-
trans diaminocyclopentane derivative such as 10 as a key step. In order to prepare this key intermediate, we
have planned to utilize an intramolecular radical cyclization of oxime ethers. Radical cyclization of
monosaccharide-derived oximes® have been well recognized as an efficient method for preparation of an
aminocyclitol, while no paper has appeared dealing with such reaction of oligosaccharide derivatives.
Therefore, we began to study a cyclization of chitobiose-derived oximes 9a,b, which were prepared as follows
(Scheme 1). Thioglycoside 5 prepared from 12b:42 was de-O-acetylated, and then benzylated to give a benzyl
ether 6 in 69% yield. After removing an anomeric protection, the resulting hemiacetal 7 was condensed with O-
methylhydroxylamine hydrochloride to afford oxime methylethers 8a as an unseparable mixture of
stereoisomers (E/7 = 80/20, 'H NMR analyses) in 82% yield. Upon treatment with phenyl
chlerothionoformate, 8a gave the corresponding thiocarbonates 9a in 74% yield. Similarly, the benzyl
analogues 9b were also prepared from 7. Condensation of 7 with O-r-butyldimethylsilylhydroxylamine failed

even when under drastic conditions,
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Scheme 1: a) ref. 2b, 4a; b) NaOMe, MeOH-CH2Cl2, 40 °C, and then BnBr, BaO, Ba(OH);.7Hy0, DMF, rt, 69%; ¢)
NBS, ag. THF, 0 °C, 70%; d) McONH7-HCI or BnONH2-HC1, pyridine-CHCly, 1t, 82% for Ba, 87% for 8b; e)
PhOCSC]I, pyridine-CHaCla, 0 °C-r1, 74% for 9a, 71% for 9b; f} Bu3SnH, AIBN or Et3B (see Table 1).

Tributyltin hydride (BuaSnH) promoted radical cyclization reaction of 9a,b was conducted at 0~110 °C by
using a radical initiator {azabis(isobutylonitrile) (AIBN)® or triethylboranc (Et3B)!0}, and the results are shown
in Table 1. As seen from the Table, the isomer ratio varied in moderate range depending on the initiator and
solvent employed; there was no significant difference concerning the protecting group of oxime moieties.
Preferential formation of 4,5-trans isomers (10 and 12) in all entries would be explained by the severe steric
interaction between the ring substituents on C-4 and C-5 in the transition state.!!  On the other hand, a moderate
3,4-cis:4,5-cis selectivity observed in entry 5-7 suggests a freezing effect on the conformation by coordination of
Et3B. Of a variety of conditions examined, reaction of 9b in the presence of AIBN in toluene at |10 °C (entry 2)
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Table 1 Tributyltin hydride? induced cyclization of oxime ethers 9a,b

Entry Oxime Initiator  Solvent (M)? Temp Ratio of diastereomer Yieldd
°C) (10/11/12/13)¢ (%)
1 9a AIBN toluene (0.01) 110 41/6/35/18 57
2 9b AIBN toluene (0.01) 110 44/3/32/21 71
3 %9a EuB THEF (0.06) 23 45/10/15730 59
4 9b Eu;B THF (0.06) 23 38/8/24/30 66
5 9a ExB toluene-THEFE (0.06) 23 43/22/16/19 67
6 9b EtsB toluene-THF (0.06) 23 35/21723/721 69
7 9b Ei;B toluene-hexane (0.06) 0 317267126717 69

42.0-4.0 mol eq. of Bu3SnH in the presence of a catalytic amount of AIBN or 2.0 mal eq. of Et3B was employed. bThe values in
parentheses denote the substrate concentration (mol/D). € Ratios were determined by the intcgrated intensity of each N-acetyl siganl in
the |H NMR (400 and 500 MHz) spectra. dCombined yield of purificd isomers.

furnished a desired 3,4-cis; 4,5-trans product 10b in 31% yield after chromatography on silica gel.!2 This
yield was of little concern regarding synthesis of the target 4 because of the simple procedurc to give 10b from
1. The threc isomers 11b (~2%), 12b (23%), and 13b (15%) may aiso be useful intermediates for the
preparation of new glycosidase inhibitors.

The stereochemistry of each isomer prepared during this study, was established by the NMR analyses
together with the difference NOE experiment (Table 2) and by chemical derivations such as an acetonide
formation. For example, in 10a, irradiation of Hs results in the enhancement of NAAc, Hy, and Hy peaks.
Likewise, irradiation of Hy caused enhancement of signal due to H3z. In 10b, a strong NOE was observed for
the signals of NHAc, NHOBn, and Hg upon irradiation of Hs. Similar signal enhancement for H3 was seen by
irradiating Hy. These data are consistent with the assigned 3.4-cis: 4,5-trans structure for 10a,b. Comparison
of 13C chemical shifts of C{-Cg also shows same stereochemical relationship between 10a and 10b.

Table 2 Selected NOEs and '*C-NMR chemical shift for cyclopentanc derivatives (10-13)2

Comp. NOE® C-1 C-2 C-3 Cc-4 C-5 C-6
10a Ha — H3; Hs — NHAc, Hy, Ha 85.3 865 540 626 48.1 71.9
10b H4 — Hz; Hs — NHAc, NHOB, Hg, 852 863 539 627 480 719
11a Hs — H; 819 887 559 614 447 652
11b Hq — Hjs, Hs; Hs = H, Hy 82.1 88.9 56.1 62.0 447 65.3
12a Hg — NHAc 809 862 564 698 4611 67.5
12b Hg — NHAc, Hega, Hob; Hs = H) 81.0 863 563 70.0 459 675
13a H4 — Hs; Hga — Hj 859 86.2 558 66.1 463  69.2
13b Hy — NHAc, Hs; Hg, —» Hy, H3, Hg 857 865 559 663 463 689

“The assignment of protons and carbons was conducted according to the numbering shown in the Scheme 1. Pirradiation of the
proton on the left of the arrow causes NOE of the one on the right.
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Next our attention was focused on the construction of a cyclic gnanidine in 10b. As attempts to remove
selectively acetyl and benzyloxy groups in the nitrogen functions of this ring were unsuccessful, we adopted a
stepwise procedure as follows (Scheme 2). Initially, reaction of 10b with benzyl chloroforamte provided a
benzyl carbamate 14 in 74% yield. When this was treated with sodium hydride in DMF, a cyclization
concomitant with de-N-acetylation took place (o give an urea 16 in 87% yield. Formation of a cyclic guanidine
starting from 16, however, turned out more difficult.!3 In 1977, Kishi et al. had reported that reaction of a
cyclic thioiminoether with ammonium propionate at the elevated temperature proceeded smoothly to give the
corresponding guanidine in good yield.'4 This paper have turned our attention to a thioanalogue 17, which was
prepared from 10b via a thiocarbamate 15 according to the preparation of the urea 16.  As anticipated, the
thiourea 17 was smoothly transformed into guanidine derivatives (18 and 19). Thus, a solution of 17 in
methy! iodide was heated under reflux, and then concentrated in vacuo. The resulting syrup was treated with
dimethylammonium acetate at 120 °C under an argon atmosphere, giving the guanidine 18 in 69 % yield along
with its N-benzyloxy derivative 19 (12%). Both compounds were not obtained under other conditions (e. g.,
dimethylamine hydrochloride-triethylamine, rt). These structures were confirmed by the 2D-NMR spectra and
high resolution FAB-MS. In particular. the cross peaks between aminomethyl groups and amidino carbon as
well as those between amidino carbon and H-3a or H-6a were observed in the HMBC spectrum of 18,
indicating that the N, N-dimethylguanidine ring fused at C-3a, 6a positions of the cyclopentane ring. Finally, all
benzyl groups in 18 were removed by hydrogenation in aqueous ethanol-acetic acid to give a desired
pseudodisaccharide 4 in high yield. This compound was also obtained from the benzyl analogue 19 in good
yield. Since the pseudodisaccharide 4 is structurally related to allosamidin (1), the chitinase inhibitory activities
were expected to be comparable to that of 1. However, disappointingly, the inhibitory activity of 4 was shown
to be weak (13 ~ 20% inhibition at 50 tM concentration) against an insect chitinase (Bombyx mori).

In conclusion, the facile synthesis of a novel pseudodisaccharide 4 without glycosidation reaction was

achieved employing N,N*diacetylchitobiose (1) as a key starting material.
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Scheme 2: a) BnOCOCI, aq. NapCO3-CHCl3, 0 °C—t, or PhOCSCI, EtzN, CH)Clp, 0 °C—rt, 72% for 14, 74% for
15; b) NaH, DMF, 0 °C, 87% for 16, 83% for 17; c) Mel, 40 °C and then MepNH0AC, 120 °C, 69% for 18, 12%
for 19; &) 10% Pd/-C, Hp, AcOH-EtOH-H70, rt, 9% from 18, 75% from 19.
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Experimental

General Procedures. Melting points were determined in a capillary with an Ishii melting-point apparatus
and are uncorrected. Optical rotations were measured with a JASCO DIP-370 polarimeter at 2312 °C. IR spectra
were recorded with a JASCO VALOR-IIT spectrophotometer. 'H-NMR spectra were recorded with JEOL o
400 (400 MHz) or GX 500 (500 MHz) spectrometers in CDCl3 using tetramethylsilane as the internal standard,
unless otherwise noted. !3C-NMR spectra were recorded at 100 MHz with JEOL JNM-a. 400 spectrometer.
The assignment of protons and carbons in the NMR spectra of cyclitol derivatives was conducted according to
the numbering shawn in the Schemes. Column chromatography was performed on silica gel 60 (230-400 mesh;
E. Merck, Darmstadt, Germany). Merck precoated silica gel 60 F254 plates, 0.25 or 1.0 mm thickness, were

used for analytical or preparative thin-layer chromatography respectively.

Phenyl 2-Acetamido-4-O-(2-acetamido-3,4,6-tri-O-benzyl-2-deoxy-p-D-glucopyranosyl)-
3,6-di-0-benzyl-2-deoxy-1-thio-B-D-glucopyranoside (6). To a stirred suspension of the pentaacetate
5 (8.0 g, 10.8 mmol) in dichloromethane-methanol (1: 2; 270 ml) was added sodium methoxide (355 mg, 6.57
mmol) and then the mixture was stirred at 40 °C for 2 h, cooled to room temperature, made neutral with Dowex
50W X-8 (H*) resin. The mixture was filtered, and the filtratc cvaporated, co-evaporated with toluene and
N,N-dimethylformamide (DMF) to give a crude pentaol (7.0 g). To a stirred suspension of the above pentaol
(7.0 g, ca. 10.8 mmol), barium oxide (50 g, 0.33 mol) and barium hydroxide heptahydrate (50 g, 0.16 mol) in
DMF (250 ml) was added dropwise benzyl bromide (43.1 g, 0.25 mol) at room temperature. The mixture was
stirred at room temperature for 3 d, diluted with chloroform, filtered through a pad of Celite, and then the filtrate
evaporated. The residue was dissolved in chloroform, washed with water, and brine, dried, and evaporated to
dryness. The residue was treated with ethanol 1o give the pentabenzyl ether 6 (5.30 g) as crystalline solids. The
mother liquid was purified by chromatography on silica gel with chioroform-ethyl acetate (5:1 — 3:1) as the
eluent, giving additional 6 (1.90 g). The total amount of 6 was 7.20 g (69% from 5), mp 217 °C (dec.); [o]p2s
-32.2° {¢ 0.92 in CHCl3); 8y (400 MHz) 1 .48, 1.96 (each 3H, 2s, 2 x Ac), 3.28 (1H, td, Jy 5 = 9.3 Hz, J5 635
= 2.9 Hz, Js g1, = 2.3 He, H-5)), 343 (IH, dd, Jo 3 = 10 Hz, J3 4 = 8.8 Hz, H-3), 3.61-3.76 (8H, m, H-3,
5,6,4',5,6),379(1H, q, J;'3 = 83 Hz, J2,3 = 10 Hz, J» N = 7.8 Hz, H-2), 4.06 (1H, dd, J34 =29
Hz, J45 = 4.9 Hz, H-4), 4.17 (1H, ddd, J; 2 = 8.8 Hz, J2.3 = 3.8 Hz, J2 NH = 9.3 Hz, H-2), 4.26 (IH, d,
Jy2 =83 Hz, H-1"), 4.48-4.81 (10H, m, CHPh), 4.63 (1H, d, J; 2 = 8.8 Hz, H-1), 476 (IH, d, Jo NH' =
7.8 Hz, NH), 6.43 (1H, d, J2 NH = 9.3 Hz, NH), 7.20-7.46 (30H, m, Ph).

Found: C, 70.57; H, 6.45; N, 2.94; S, 3.19%. Caled for C57HgyO gN2S: C, 70.79; H, 6.46; N, 2.90; S,
3.31%.

2-Acetamido-4-0-(2-acetamido-3,4,6-tri-O-benzyl-2-deoxy-p-D-glucopyranosyl)-3,6-di-0-
benzyl-2-deoxy-D-glucopyranose (7). To a stirred mixture of the thioglycoside 6 (4.2 g, 4.35 mmol) in
tetrahydrofuran-water (5 : 1; 120 ml) was added N-bromosuccinimide (2.33 g, 13.1 mmol) at 0 °C and then the
mixture was stirred at 0 °C — room temperature for 9 h. After addition of ag. NazS203 solution, the resulting
mixture was extracted with chloroform. The extract was washed with aqueous sodium hydrogen carbonate,
water, and brine, dried, and evaporated to dryness. Chromatography on silica gel with chloroform-methanol
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(50:1) as the eluent yielded the hemiacetal 7 (2.65 g, 70%), [alp!? +27.5° (¢ 1.0 in CHCI3) {lit., [alp!8 +28.1
(¢ 0.53 in CHCl3)15 }, whose spectral data were consistent with those of an authentic sample.!5

2-Acetamido-4-0-(2-acetamido-3,4,6-tri-0-benzyl-2-deoxy-f-D-glucopyranosyl)-3,6-di-O-
benzyl-2-deoxy-D-glucose -Methyl Oximes (8a). A mixture of the hemiacetal 7 (2.65 g, 3.03
mmol) and O-methyl hydroxylamine hydrochloride (507 mg, 6.07 mmol) in dichloromethane-pyridine (3:1; 20
ml) was stirred at room temperature for 18 h, and then diluted with dichloromethane. The resulting solution was
washed with water, aqueous cupric sulfate, aqueous sodium hydrogen carbonate, water, and brine, dried, and
evaporated to dryness. Chromatography on silica gel with chloroform-methanol (100:1-520:1) as the eluent
yielded the oxime ethers 8a (2.24 g, 82%) as a siereoisomeric mixture (E/Z = 4/1), 8y (400 MHz) 1.78 [0.60H,
s, Ac (2)], 1.79 [2.40H, s, Ac (E)], 1.81 [2.40H, s, Ac (£)], 1.82 [0.60H, s, Ac (Z)], 2.80 [IH, brd, OH (E
and Z)], 3.18 [0.80H, q, J|'»' = 8.3 Hz, /o 3 = 9.8 Hz, Jo ng = 7.8 Hz, H-2' (E)], 3.42-3.70 [5.40H, m, H-
6 (E and Z), 2'(Z), 4' (Z), 5' (E and 2), 6' (E and Z)], 3.45 [0.80H, dd, J3 4 = 8.8 Hz, J4' 5 = 8.3 Hz, H-4'
(£)], 3.82 [0.60H, s, MeO (Z)], 3.83 {2.40H, s, MeO (F)]. 3.80-4.08 [3H, m, H-3 (¥ and Z), 4 (E and Z), 5
(E and Z)], 4.26 [0.80H, dd, Jy 3 = 9.8 Hz, J3 4 = 8.8 Hz, H-3' (E)], 4.40-4.83 [10.20H, m, H-3' (Z),
CH3Ph], 4.95 [0.20H, d, Jy-» = 8.3 Hz, H-1' (2)], 5.05 [0.80H, d, Jy' > = 8.3 Hz, H-1' (E)], 5.19 [0.8CH,
td, J)2 =54 Hz, Ja3 =54 Hz, JyNu = 8.3 Hz, H-2 (F)}, 5.53 [0.20H, br q, J1 2 =6.3 Hz, J>3 = 6.3 Hz,
J2NH = 7.8 Hz, H-2 (Z)], 5.65 [0.20H, d, J2 Nu' = 7.8 Hz, NH' (£)], 5.71 [0.80H, d, J> Ny = 7.3 Hz, NH'
(E)], 6.71 [0.20H, d, Jo ng = 7.8 Hz, NH (Z)], 6.76 [0.R0H, d, J2 NH = 8.3 Hz, NH (E)], 7.02 [0.20H, 4,
J1.2 =63 Hz, H-1 (2)], 7.13-7.37 [30H, m, Ph (E and Z)], 7.63 [0.80H, d, J) 2 = 5.4 Hz, H-1 (F)].

Found: C, 68.54; H, 6.72; N, 4.58. C4,H¢;0}N3-0.5H0 requires C, 68.40; H, 6.84; N, 4.60%

2-Acetamido-4-0-(2-acetamido-3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranesyl)-3,6-di-0-
benzyl-2-deoxy-D-glucose O-Benzyl Oximes (8b). Treatment of the hemiacetal 7 (3.00 g, 3.43
mmol) with O-benzylhydroxylamine hydrochloride (1.10 g, 6.86 mmol) as described above yielded the
corresponding benzyl analogues 8b (291 g, 87%) as a stereoisomeric mixture, 8y (400 MHz) 1.76 [0.54H, s,
Ac (Z)], 1.78 [2.46H, s, Ac (E)], 1.80 [3H. s, Ac (Z and E))], 2.76 [0.18H, d, J5 01 = 5.9 Hz, OH (2)], 2.80
[0.82H, d, /5, 0oH = 6.8 Hz, OH (£)], 3.17 |0.82H, q, /12 = 8.3 Hz, Jo' 3 = 9.8 Hz, J» Ny = 7.3 Hz, H-2'
(E)], 3.41 [0.18H, m, H-2' (Z)], 3.42-3.52 [4H, m, H-6 (F and Z), 4 (E and Z), 5' (£ and Z)], 3.58-3.68
[2H, m, H-6' (E and Z)], 3.90 [0.18H, m, H-5 (Z)], 3.93 [0.82H, m, H-5 (E)], 3.98-4.08 [2H, m, H-3 (£ and
Z), 4 (F and Z)). 4.28 [0.82H, dd, Jo 3 = 9.8 Hz, J3 4 = 7.8 Hz, H-3' ()], 4.35-5.05 [12.18H, m, H-3' (2),
CH,Ph], 490 [0.18H, d, J 2 = 8.3 Hz, H-1' (Z)], 5.06 [0.82H, d, J;-» = 8.3 Hz, H-1' (E)], 5.20 [0.82H,
W, J12=49 Hz, /23 =54 Hz, Jo Ny = 8.3 Hz, H-2 (E)], 5.30 [0.18H, brq, J; 2 = 6.3 Hz, J23 = 6.3 Hz,
JyNg = 7.3 Hz, H-2 (7)), 5.63 [0.18H, d, J3 Ny = 7.8 Hz, NH' (Z)], 5.72 [0.82H, d, Jo gy = 7.3 Hz, NH'
(E)], 6.72 [0.18H, d, Jo nu = 7.3 Hz, NH (2)], 6.77 [0.82H, d, Jo Ny = 8.3 Hz, NH (E)], 7.05 [0.18H, d,
J12=6.3Hz, H-1(2)], 7.13-7.37 [30H, m, Ph (E and Z)), 7.70 [0.82H, d, J; 2 = 4.9 Hz, H-1 {(£)].

Anal. Found: C, 70.83; H, 6.67; N, 4.19. CsgHg50,N3 requires C, 71.07; H, 6.68; N, 4.29%.

2-Acetamido-4-0-(2-acetamido-3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)-3,6-di-0-
benzyl-2-deoxy-5-0-phenoxy(thiocarbonyl)-D-glucose O-Methyl Oximes (9a). To a stirred
solution of the oxime cthers 8a (2.03 g, 2.25 mmol) in dichloromethane-pyridine (4 : 1; 25 ml) was added
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dropwise phenyl chlorothioformate (0.62 ml, 4.50 mmol) at 0 °C under Ar, and then the mixture was stirred for
3 hat 0 °C — room temperaturc. Ice and water were added and the resulting mixture was vigorously stirred for
1 h. The mixture was extracted with dichloromethane and the extracts were washed with water, aqueous cupric
sulfate, aqueous sodium hydrogen carbonate, water, and brine, dried, and evaporated to dryness. The residue
was passed through a short column of silica gel with toluene-acetone (10 : 1) to give the unstable thiocarbonates
93 as an isomeric mixture (1.72 g, 74%), which was employed to the next step without further purification,
8H(400 MHz) 1.77 [2.40H, s, Ac (E)], 1.79 [0.60H, s, Ac (Z)], 1.80 [2.40H, s, Ac (2)]. 1.81 [0.60H, s,
Ac(E)], 3.14-3.23 [1H, m, H-2' (E and Z)], 3.42-3.98 [5.0H, m, H-3 (£ and Z), 6a (E and Z), 4 (E and z),5
(E and Z), 6 (E and Z)], 3.76 [0.60H, s, McO (Z)], 3.83 [2.40H, s, MeO (E)], 3.92 {0.2H, dd, J5,6p = 2.4
Hz, Jeaeh = 12 Hz, H-6b (Z)]. 4.02 [0.8H, dd. Js5 6p = 2.4 Hz, Jsa 6b = 12 Hz, H-6b (£)], 4.25-4.32 [1H, m,
H-3' (E and Z)], 4.34-4.83 [11.2H, m, H-4 (E and 2Z), H-1' (Z), CI[Ph], 5.13 [0.80H, d, Jy'» = 8.3 Hz, H-
I' (E)]. 5.24 [0.80H, td, J| 7 = 4.4 Hz, Jo 1 = 4.9 Hz, Jo N = 8.3 Hz, H-2 (E)], 545 [0.20H, d, JoNH' =
8.3 Hz, NH' (2)], 5.47 |0.20H, m, H-2 (Z)], 5.60 [0.20H, m, H-5 (Z)], 5.64 [0.80H, m, H-5 (E)]. 5.66
[0.80H, d, J» Ni = 7.8 Hz, NH' (E)), 6.64 [0.20H, d, JoNH = 8.3 Hz, NH (Z)], 6.74 [0.80H, d, Ja,nH = 8.8
Hz, NH (£)], 6.92 [0.20H, d, J| 2 = 5.4 Hz, H-1 (Z)], 7.00-7.40 [30H, m, Ph (¥ and Z)], 7.59 [0.80H, d,
J1.2 = 44 Hz, H-1(E)]: HR-FABMS Found: (M+Nayt, 1062.4169. Cs9He5012N3SNa requires m/z,
1062.4187.

2-Acetamido-4-0-(2-acetamide-3,4,6-tri-O-benzyl-2-deoxy-f-D-glucopyranosyl)-3,6-di-O-
benzyl-2-deoxy-5-0-phenoxy(thiocarbonyl)-D-glucose O-Benzyl Oximes (9b). Treatment of the
oximes 8b (460 mg, 0.47 mmol) as described above yielded the corresponding benzyl analogues 9b (370 mg,
71%) as a stereoisomeric mixture, which was employed to the next step without further purification, 8p(400
MHz) 1.76 |2.46H., s, Ac (E)], .77 [0.54H, s, Ac (Z)], 1.79 [3H, s, Ac (Z and E)], 3.14-3.23 [1H, m, H-Z'
(E and Z)], 3.41-3.73 [6H, m, H-6a (E and Z), 3' (E and Z), 4 (E and Z), 5’ (E and Z), 6' (E and Z)], 3.87
[0.18H, dd, J5.6n = 2.9 Hz, Jea6b = 8.8 Hz, H-6b (2)], 3.98-4.01 [IH, m, H-3 (E and Z)], 4.02 (0.82H, dd,
Js.6h = 2.4 Hz, Joa.6b = 8.7 Hz. H-6b (E£)], 4.33-5.17 [i13H, m, H-4 (E and Z), CH,Ph], 4.82 [0.18H, d, Jy 2
= 7.8 He, H-1' (2)], 5.16 [0.82H, d. J1 2 = 8.3 Hz, H-1" (E)], 5.26 [0.82H, td, J1 2 = 4.9 Hz, J23 = 4.8 Hz,
J2NH = 8.3 Hz, H-2 (B)], 5.47 [0.18H, d. Jo Ni' = 7.8 Hz, NH' ()], 5.52 [0.18H, ud, J1 2 = 6.3 He, J23 =
3.9 Hz, Jo.NH = 7.8 Hz, H-2 (Z)], 5.60 [0.18H, m, H-5 (7)), 5.63 [0.82H, m, H-5 (£)]). 5.71 [0.82H, d,
Jo Nu = 7.3 Hz, NH' (£)], 6.64 [0.18H, d, Jo Ny = 7.8 Hz, NH (2)], 6.77 [0.82H, d, Jo,nH = 8.8 Hz, NH
(E)], 7.00 {0.18H, d, J| 2 = 6.3 Hz, H-1 (7)], 7.00-7.40 [35H, m, Ph (E and Z)), 7.68 [0.82H, d, J1 2> = 4.9
Hz, H-1 (E)}; HR-FABMS Found: (M+Na)*, 1138.4504. C5HgoO2N3SNa requires m/z, 1138.4500.

3-Acetamido-2-benzyloxy-4-(methoxy)amino-5-[(benzyloxy)methyllcyclopentyl 2-Acet-
amido-3,4,6-tri-O-benzyl-2-deoxy-p-D-glucopyranosides (10a-13a) and 3-Acetamide-2-
benzyloxy-4-(benzyloxy)amino-5-[(benzyloxy)methyllcyclopentyl 2-Acetamido-3,4,6-tri-O-
benzyl-2-deoxy-f3-D-glucopyranosides (10b-13b)

i) Typical procedure with BuzSnH-AIBN. To a stirred solution of the thiocarbonates 9b (480 mg,
0.43 mmol) in toluene (40 ml) was added dropwise slowly a mixture of tributyltin hydride (0.46 ml, 1.72 mmol)
and azobis(isobutyronitrile) (14 mg, 0.08 mmol) in toluene (10 ml) at 110 °C and the mixture was stirred for 2 h

at the same temperature. After cooling, the reaction mixture was concentrated in vacuo. Chromatography on
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silica gel with toluene-acetone (3:1) as the eluent yielded the amine 10b (84 mg, 20%), the isomer 11b (7 mg,
2%), and a mixture of three stereoisomers 10b, 12b, and 13b. The mixture was further separated by
chromatography on silica gel with chloroform-methanol (20:1) as the eluent to give additional 10b (34 mg,
11%), 12b (95 mg, 23%), and 13b (62 mg, 15%).

ii) Typical procedure with Bu3SnH-Et3B. To a stirred solution of the thiocarbonates 9b (176 mg,
0.16 mmol) in toluene (2 ml) was added a solution of triethylborane in tetrahydrofuran (1.0 M soiution; 0.32
ml), and then tributyltin hydride (0.09 ml, 0.32 mmol) was added dropwise to the resulting mixture at room
temperature. After stirring at ambient temperature for 7 h, the reaction mixture was concentrated in vacuo.
Chromatography on silica gel with toluene-acetone (4:1 — 2:1) as the eluent yielded a mixture of four
stereoisomers 10b, 11b, 12b, and 13b (106 mg, 69% ; 10b : 11b : 12b : 13b = 35: 21 : 23 : 21 by the In
NMR analyses).

(IR, 2R, 35,45,55)-Methoxyamine (10a); [a]p?? -8.0 (¢ 0.75 in CHCl3); 81(400 MHz) 1.74, 2.03 (each
3H, 2s, 2 X Ac), 2.03 (IH, m, H-5), 3.30-3.68 (5H, m, H-3', 4', 5, 6"), 3.33 (IH, t,J34=73Hz, Jg5=
6.8 Hz, H-4), 3.43 (1H, dd, Jea 6b = 9.3 Hz, J56 = 5.4 Hz, H-6a), 3.45 (3H, s, OMe), 3.60 (1H, dd, Jea,6b =
9.3 Hz, Js 6 = 5.9 Hz, H-6b), 3.73 (1H, q, 2"-H), 3.92 (1H, J12 = 3.0 Hz, J2 3 = 2.5 Hz, H-2), 3.97 (1H,
dd, J1 2 = 3.0 Hz, J1 5 = 3.9 Hz, H-1), 4.43-4.78 (1 1H, m, H-1', CH2Ph), 4.46 (1H, ddd, J34=7.3 Hz, J2 3
=2.5 Hz, J3NH = 8.3 Hz, H-3), 5.09 (IH, d, Jy ng = 8.8 Hz, NH"), 5.85-5.95 (1H, br s, NH), 6.18 (IH,
d, J3.NH = 8.3 Hz, NH), 7.20-7.35 (25H, m, Ph).

Anal. Found: C, 70.07; H, 6.95; N, 4.62. C5;Hg0 N3 requires C, 70.33; H, 6.92; N, 4.73%.

(IR.2R,35,45,55)-Benzyloxyamine (10b); [ct]p?? -6.2 (¢ 0.41 in CHCl3); 85500 MHz) 1.68, 1.96 (each
3H, 2s, 2 X Ac), 2.04 (1H, m, H-5), 3.31 (1H, m, H-5), 3.35 (1H, dd, J = 7.6 and 7.0 Hz, H-4), 3.41 (1H,
t, J5.6a = Jea 6b = 8.9 Hz, H-6a), 3.43 (1H, dd, Jy 3 = 8.5 Hz, J3 4 = 10 Hz, H-3), 3.57 (1H, dd, J5 6p = 6.1
Hz, Jeaeh = 8.9 Hz, H-6b), 3.61-3.66 (2H, m, H-6'), 3.66 (1H, dd, J3 4 = 10 Hz, J4 5 = 9.2 Hz, H-4'),
3.72 (1H, q, J'2' = 8.2 Hz, J» 3 = 8.5 Hz, J» Ng = 8.6 Hz, H-2), 3.95 (2H, br s, H-1, 2), 4.41-4.77 (12H,
m, CHPh), 4.46 (1H, d, Jy" 2 = 8.2 Hz, H-1'), 4.47 (1H, m, H-3), 5.12 (1H, d, J» Ny = 8.6 Hz, NH'),
5.76-5.88 (1H, br s, NH), 6.11 (IH, d, J3Nu = 7.9 Hz, NH), 7.19-7.33 (30H, m, Ph), HR-FABMS Found:
(M+H)*, 964.4758. CsgHgeO)oN3 requires m/z, 964.4748.

Anal. Found: C, 71.44; H, 6.74; N, 4.30. CsgHgsOoN3-0.5H,0 requires C, 71.58; H, 6.84; N, 4.32%

(1R,2R,35,45,5R)-Methoxyamine (11a); [@]p2? -1.0 (¢ O.11 in CHCl3); 8u(500 MHz) 1.69, 1.91 (cach
3H, 2s, 2 % Ac), 2.55 (1H, m, H-5), 3.34-3.40 (2H, m, H-3', 5'), 3.38 (3H, s, OMe), 3.52 (1H, brd, Jea6b =
8.9 Hz, H-6a), 3.60 (1H, brd, Jea6b = 8.9 Hz, H-6b), 3.63-3.75 (3H, m, H-4', 6", 3.65 (I1H, 1, J =7.8 Hz,
H-4), 3.78 (1H, brs, H-2), 3.84 (1H, q, J = 9.3 He, H-2), 4.12 (1H, brd, J = 3.7 Hz, H-1), 4.21 (1H, d,
Jyo = 8.1 Hz, H-1"), 4.26-4.83 (11H, m, NH', CHoPh), 4.48 (IH, m, H-3), 5.93 (1H, brs, NH), 6.49 (1H,
d, J4NH = 9.0 Hz, NH), 7.21-7.34 (25H, m, Ph).

Anal. Found: C, 70.01; H, 6.98; N, 4.51. CspHg,0oN3 requires C, 70.33; H, 6.92; N, 4.73%.

(IR,2R,35,45,5R)-Benzyloxyamine (11b); [a]p24 -1.0 (¢ 0.75 in CHClz); 84(500 MHz) 1.60, 1.82 (each
3H, 2s, 2 x Ac), 2.52 (IH, m, H-5), 3.37 (1H, m, H-5"), 3.39 (IH, dd, J2 3 = 8.9 Hz, J3 4 = 10 Hz, H-3"),
3.54 (1H, brd, Jsasb = 9.8 Hz, H-6a), 3.57 (1H, dd, J5 6 = 4.3 Hz, Jea,6b = 9.8 Hz, H-6b), 3.63 (1H, q, J3 4
=7.0Hz, J45=7.0Hz, J4 Ny = 10 Hz, H-4), 3.64 (IH, dd, J5 ¢ = 2.1 Hz, Jga6n = 11 Hz, H-6'a), 3.68
(1H, dd, J3 4 = 10 Hz, Jg 5 = 9.4 Hz, H-4"), 3.71 (1H, dd, J5 ¢ = 4.3 Hz, Jgagp = 11 Hz, H-6'b), 3.76
(1H, dd, J1 2 = 1.3 Hz, J»3 = 3.6 Hz, H-2), 3.81 (IH, q, J1'2> = 8.5 Hz, />3 = 8.9 Hz, J» nu = 8.2 Hz, H-
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2", 4,10 (1H, brd, Jy » = 1.3 Hz, Jy 5 = 4.9 Hz, H-1), 4.22 (IH, d, Jo Nw' = 8.2 Hz, NH'), 4.24-4.81 (12H,
m, CH;Phy, 445 (IH, m, H-3), 4.56 (1H, d, Jy' 2 = 8.5 Hez, H-1"), 5.90 (1H, d, J4 N1 = 10 Hz, NH), 6.44
(1H, d, J3,Ng = 9.2 Hz, NH), 7.20-7.35 (30H, m, Ph); HR-FABMS Found: (M+H)*, 964.4744.
Cs3HeeO10N3 requires m/z, 964.4748.

(IR,2R,35.4R 5R)-Methoxyamine (12a); [a]p24 -6.0 (¢ 0.34 in CHCl3); 84(500 MHz) 1.64, 1.95 (each
3H, 25, 2 x Ac), 2.55 (1H, m, H-5), 2.85 (1H, dd, J3 4 = 3.2 Hz, J4 5 = 9.0 Hz, H-4), 3.34 (1H, m, H-5),
3.36 (1H, dd, J3 3 = 7.8 Hz, J3 4 = 10 Hz, H-3), 349 (IH. t, J = 9.3 Hz, H-6a), 3.52 (3H, s, MeO), 3.57
(1H, dd. Js 6 = 3.9 Hz, Jéa,6b = 9.3 Hz, H-6b), 3.60-3.74 (4H, m, H-2', 4', 6'), 3.74 (1H, brs, H-2), 4.17
(IH, 4, J1 7 = 8.3 Hz, H-1), 4.20 (1H, brd, J = 1.9 Hz, H-1), 4.23-4.80 (11H, m, NH', CH2Ph), 4.38
(1H. m, H-3), 5.76 (1H, brs, NH), 6.66 (1H, d, J3nu = 8.7 Hz, NH), 7.21-7.33 (25H, m, Ph).

Anal.Found: C, 70.22; H, 7.01; N, 4.58. Cs,Hg O oN; requires C, 70.33; H, 6.92; N, 4.73%.

(IR.2R,35,4R 5R)-Benzyloxyamine (12b); [0)p24 -2.9 (¢ 0.42 in CHCl3); 31(500 MHz) 1.61, 1.95 {each
3H, 2s, 2 X Ac), 2.54 (1H, m, H-5), 2.82 (1H, dd, J3 4 = 3.1 Hz, J4 5 = 9.2 Hz, H-4), 3.34 (1H, m, H-5),
3.36 (1H, dd, J 3 = 8.5 Hz, J3 4 = 10 Hz, H-3"), 3.41 (1H, t, J56 = 9.7 Hz, Jga 6p = 9.0 Hz, H-6a), 3.46
(IH, dd, Js 6 = 4.9 Hz, Jea6n = 9.8 Hz, H-6b), 3.60-3.72 (3H, m, H-2', 4, 6'), 3.73 (1H, brs, H-2), 4.14
(1H, d, Jy-2 = 8.3 Hz, H-1), 4.20 (1H, brs, H-1), 4.23-4.81 (12H, m, CH,Ph}, 4.46 (1H, m, H-3), 4.51
(1H, d, JoNpr = 8.3 Hz, NH'), 6.65 (1H, d, J3 Ny = 9.5 Hz. NH), 7.19-7.33 (30H, m, Ph); HR-FABMS
Found: (M+H)*, 964.4747. C53He6010N3 requires m/z, 964.4748.

(IR,2R,35.4R, 55 )-Methoxyamine (13a): [a]p22 -8.7 (¢ 0.47 in CHCly); 8y(500 MHz) 1.75, 1.93 (each
3H, 2s, 2 X Ac), 2.38 (1H, m, H-5), 3.30-3.36 (2H, m, H-3', 5", 3.37 (1H, dd, /3 4 = 6.2 Hz, J4 5 = 8.8 Hz,
H-4), 3.44 (3H, s, OMe), 3.57 (1H, t, J5¢ = 9.8 Hz, Jea 6p = 9.8 Hz, H-6a), 3.65 (1H, , J = 9.3 Hz, H-4),
3.64-3.67 (2H, m, H-6", 3.77 (1H, brt, H-2), 3.78 (1H, m, H-2"), 3.81 (1H, dd. J5¢ = 5.5 Hz, Je, 66 = 9.8
Hz, H-6b), 4.18 (IH, t, J1 2 =3.4 Hz, J 5 = 3.5 Hz, H-1), 420 (1H, brg, H-3), 4.41-4.80 (11H, m, H-1",
CH,Ph), 5.13 (IH, d, J2 N0’ = 8.8 Hz, NH"), 5.78 (1H. d, J1 Ny = 7.8 Hz, NH), 5.99-6.05 (1H, brs, NH),
7.20-7.36 (25H, m, Ph).

Anal. Found: C, 70.01; H, 6.89; N, 4.58. Cs5,Hg,0gNj requires C, 70.33; H, 6.92; N, 4.73%.

{IR,2R,35,4R,55)-Benzyloxyamine (13b); [at]p24 -9.6 (¢ 0.53 in CHClg); 81(500 MHz) 1.73, 1.92 (each
3H, 2s, 2 X Ac), 2.38 (1H, m, H-5), 3.34 (IH, m, H-5%, 3.37 (lH, dd, J2 3 = 8.5 Hz, J3 4 = 10 Hz, H-3",
3.42 (1H, dd, J3,4 = 8.4 Hz. Ja5 = 6.3 Hz, H-4), 3.53 (1H, 1, J56 = 9.5 Hz. Jeu6b = 9.8 Hz, H-6a), 3.63-
3.69 (3H, m, H-4, 6}, 3.74 (IH, q, Jy2 = 7.9 Hz, Jy 3 = 8.5 Hz, Jo Ny = 8.5 Hz, H-2), 3.75 (1H, dd,
Js.6=3.3Hz, Jeaob = 9.8 Hz, H-6b), 3.78 (1H, t, J1 2 = 4.0 Hz, Jo 3 = 4.3 Hz, H-2), 418 (IH, 1, J; 2 = 4.0
Hz, Jy 5= 3.7 Hz, H-1), 428 (1H, brq, Jo 3 = 4.3 Hz, J3 4 = 8.4 Hz, J3 Nu = 8.2 Hz, H-3), 4.41-4.78 (12H,
m, CHaPh), 4.45 (1H, d, J1' 2 = 7.9 Hz, H-1'), 5.15 (1H, d, Jo» np' = 8.5 Hz, NH), 5.86 (1H, d, J NH =
8.2 Hz, NH'), 6.00-6.20 (1H, brs, NH), 7.20-7.36 (30H, m, Ph); HR-FABMS Found: (M+H)*, 964.4709.
Cs8Hes0O10N4 requires miz, 964.4748.

(IR,2R,38,4S5,55)-3-Acetamido-2-benzyloxy-4-(N-benzyloxy-N-benzyloxycarbonyl)
amino-5-[(benzyloxy)methyl]cyclopentyl 2-Acetamido-3,4,6-tri-O-benzyl-2-deoxy-B-D-gluco
pyranoside (14). To a stirred suspension of the amine 10b (92 mg, 0.10 mmol) in dichloromethane-aqueous
sodium carbonate solution [2:1 (v/v), 3 ml] was added benzyloxycarbony! chloride (0.09 ml, 0.63 mmol) at 0 °C
and the mixture was stirred at 0 °C — room temperature for 15 h under Ar. After ammonium hydroxide solution
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had been added with vigorous stirring, the reaction mixture was poured into ice-water, and then extracted with
dichloromethane. The extract was washed with cold hydrochloric acid solution, aqueous sodium hydrogen
carbonate, water, and brine, dried, and evaporated to dryness. Chromatography on silica gel with hexane-ethyl
acetate (1 : 2) as the eluent yielded the carbamate 14 (75 mg, 72%), {a]p25 -2.8° (¢ 0.11 in CHCI3); Vinax
(CHCIl3): 3320, 1735, 1678, 1540, 1470, 1380, 1080 cm-!; 813(400 MHz) 1.60, 1.71 (each 3H, 2s, 2 x Ac),
2.55 (1H, m, H-5), 3.32-3.36 (2H, m, H-3, 5", 3.43 (IH, t, J = 8.8 Hz, H-6a), 3.53-3.71 (4H, m, H-6b,
4,6, 380 (1H, q, J; 3 = 7.3 Hz, Jp 3 = 8.8 Hz, Jo NH' = 9.2 Hz, H-2"), 391 (1H, brt, J1 2=5.9 Hz, J2 3
= 6.8 Hz, H-2), 400 (1H, brt, J1 » =59 Hz, J| 5 = 5.4 Hz, H-1), 4.29 (1H, t, J = 7.8 Hz, H-4), 4.42-5.20
(14H, m, CH3Ph), 4.52 (1H, m, H-3), 4.58 (1H, d, Jy2» = 7.3 Hz, H-1'), 5.05 (1H, d, J2 Ny = 9.2 Hz,
NH", 5.56 (1H. d, J = 8.8 Hz, NH), 7.15-7.38 (35H, m, Ph}.
Anal. Found: C, 72.04; H, 6.31; N, 3.88. CggH7,0,,N; requires C, 72.18; H, 6.52; N, 3.83%.

(3aS5,4R,5R,68,6aS)-6-Benzyloxymethyl-1,4-dibenzyloxy-2-0xo0-2,3,3a,5,6,6a-hexa-
hydro-4H -cyclopentimidazole-5-yl Acetamido-3,4,6-tri-O-benzyl-2-deoxy-p-p-glucopyrano-
side (16). To a stirred solution of the carbamate 14 (37 mg, 0.04 mmol) in DMF (0.5 ml) was added sodium
hydride (60% dispersion in mineral oil, 12 mg, 0.30 mmol) at 0 °C and then the mixture was stirred for 2 h.
After ammonium chloride solution had been added with vigorous stirring, the reaction mixture was poured into
ice-water, and then extracted with dichloromethane. The extract was washed with water, and brine, dried, and
evaporated to dryness. The residue was purified by preparative TLC on silica gel [chloroform-methanol (20 : 1)]
to yield the urea 14 (29 mg, 87%), []p?3 +29.0° (¢ 0.10 in CHCI3); Vmax (CHCI3): 3310, 1743, 1660, 1483,
1078 em-!; 8(400 MHz) 1.79 (3H, s, NAc), 2.53 (1H, m, H-5), 3.29-3.37 (3H, m, H-7, 2'}, 3.46 (1H, td,
Ja5 =93 Hz, Js ¢ = 3.4 Hz, J5.¢ = 2.9 Hz, H-5"), 3.38 (IH, dd, J3 4 = 8.8 Hz, J4 5 = 9.3 Hz, H-4"),
3.64 (2H, brd, H-6"), 3.70 (1H, dd, J3a,6a = 8.3 Hz, J32.4 = 2.4 Hz, H-3a), 3.77 (1H, dd. J35.6a = 8.3 Hz,
J6,.6a = 3.9 Hz, H-6a), 3.89 (1H, dd, J3a4 = 2.4 Hz, J4 5 = 3.9 Hz, H-4), 4.06 (1H, dd, J2 3 =9.8 Hz, J3.4 =
8.8 Hz, H-3"), 4.18 (1H, dd, J4 5 = 3.9 Hz, J5 6 = 4.9 Hz, H-5), 4.39-4.88 (13H, m, NH, CH;Ph), 4.77
(1H, d, J1"2 = 7.8 Hz, H-1'), 5.60 (1H, d, J>' N1 = 7.3 Hz, NH"), 7.17-7.39 (30H, m, Ph).

Anal. Found: C, 72.10; H, 6.47; N, 4.28. Cs;Hg,04(N5 requires C, 72.21; H, 6.49; N, 4.43%.

(IR,2R,35,45,58)-3-Acetamido-2-benzyloxy-4-(N-benzyloxy-N-phenoxythiocarbonyl)
amino-5-[(benzyloxy)methyl]cyclopentyl 2-Acetamido-3,4,6-tri-O-benzyl-2-deoxy-3-D-gluco
pyranoside (15). To a stirred solution of the amine 10b (370 mg, 0.38 mmol) and triethylamine (0.53 ml,
3.80 mmol) in dichloromethane (3 ml) was added chioro phenylthionoformate (0.27 ml, 1.95 mmol) at 0 °C and
the mixture was stirred at 0 °C — room temperature under Ar. After 18 h, additional triethylamine (0.53 ml,
3.80 mmol) and chloro phenylthionoformate (0.27 ml, 1.95 mmol) were added, and stirring was continued for
more | d. The reaction mixture was poured into ice-water, and then extracted with dichloromethane. The extract
was washed with water, aqueous sodium hydrogen carbonate, water, and brine, dried, and evaporated to
dryness. Chromatography on silica gel with toluene-ethyl acetate (4 : 1) as the eluent yielded the carbamate 15
(313 mg, 74%), [a]p2? +14.5° (¢ 0.87 in CHCl3); vinax (CHCl3): 3330, 1680, 1540, 1475, 1380, 1080 cmL;
SH(400 MHz) 1.58, 1.83 (each 3H, 2s, 2 x Ac), 2.76 (1H, m, H-5), 3.35-3.48 (2ZH, m, H-3', 5, 3.58 (1H,
t, J5.6 = 8.8 Hz, Jea6b = 8.3 Hz, H-6a), 3.52-3.78 (4H, m, H-6b, 4', 6'), 3.82 (1H, g, Jy > = 83 Hz, J2 3 =
9.8 Hz, J2  Nw = 8.8 Hz, H-2"), 4.04 (I1H, brt, J; > = 5.2 Hz, J,3 = 6.3 Hz, H-2), 4.12 (1H, brt, J1 2 = 5.2
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Hz, J| 5 = 5.4 Hz, H-1), 4.45-4.80 (13H, m, H-4, CH;Ph), 4.62 (1H, d, J1-2' = 8.3 Hz, H-1),4.83 (1H, m,
H-3), 499 (1H, d, Jo Ny = 8.8 Hz, NH"), 5.64 (1H, br s, NH), 7.20-7.53 (35H, m, Ph).

Anal. Found: C, 70.95; H, 6.55; N, 3.77; §, 2.72. CgsHegO1N3S requires C, 70.95; H, 6.32; N, 3.82; §,
2.91%.

(3aS,4R,5R,65,6a5)-6-Benzyloxymethyl-1,4-dibenzyloxy-2-thio-2,3,3a,5,6,6a-hexahydro-
4H-cyclopentimidazole-5-yl Acetamido-3,4,6-tri-O-benzyl-2-deoxy-pB-D-glucopyranoside
(17). To a stirred solution of the thiocarbamate 15 (270 mg, 0.25 mmo!) in DMF (5 ml) was added sodium
hydride (60% dispersion in mineral oil, 110 mg, 2.75 mmol) at 0 °C and then the mixture was stitred for 2 h.
After ammonium chloride solution had been added with vigorous stirring, the reaction mixture was poured into
ice-water, and then extracted with dichloromethane. The extract was washed with water, and brine, dried, and
evaporated to dryness. Chromatography on silica gel with chloroform-ethyl acetate (10 : 1) as the eluent yielded
the thiourea 17 (198 mg, 83%), [0]p25 -10.0 (¢ 0.62 in CHCl3); vinax (CHCl3): 3310, 1670, 1570, 1510,
1465, 1380, 1080 cm-!l; 83(400 MHz) 1.76 (3H, s, NAc), 2.72 (1H, m, H-5), 3.04 (IH, q, J =7.6 Hz, H-
29, 3.28 (1H, dd, Je.74 = 7.9 Hz, J7, 7 = 9.5 Hz, H-Ta), 3.34 (1H, dd, Jo 7 = 7.0 Hz, J7a7p = 9.5 Hz, H-
7b), 3.54 (2H, brd, H-4", 5", 3.66 (2H, brs, H-6), 3.95 (1H, brs, H-4), 3.96 (1H, brd, J3a,62 = 8.2 Hz, H-
3a), 4.05 (1H, dd, J3a6a = 8.2 Hz, Js 6a = 2.5 Hz, H-6a), 4.22 (1H, brs, H-5), 4.37-4.79 (11H, m, H-3',
CHaPh), 4.90 (1H, d, J'2 = 8.2 Hz, H-1), 5.00 (2H, brs, CH2Ph), 5.70 (1H, brs, NH), 6.16 (1H, d,
J2» NH = 7.0 Hz, NH), 7.17-7.36 (30H, m, Ph).

Anal. Found: C, 71.23; H, 6.46; N, 4.26; S, 3.06. Cs7HgOgN38S requires C, 71.01; H, 6.38; N, 4.36; S,
3.33%.

(3aS,4R,5R,6S,6a5)-4-Benzyloxy-6-benzyloxymethyl-2-dimethylamino-3a,5,6,6a-tetra-
hydro-4H -cyclopentimidazole-5-yl Acetamido-3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyrano-
side (18) and (3aS,4R,5R.65,6a5)-6-Benzyloxymethyl-1,4-dibenzyloxy-2-dimethylamino-
3a,5,6,6a-tetrahydro-4H-cyclopentimidazole-5-yl Acetamido-3,4,6-tri-O-benzyl-2-deoxy-fi-
D-glucopyranoside (19). A solution of the thiourea 17 (143 mg, 0.15 mmol) in iodomethane (4 ml) was
heated under reflux with stirring for 1.5 h under Ar and (hen evaporated to dryness to give a syrup (140 mg).
This was heated with dimethylammonium acetate (ca. 4 ml) at 120 °C with stirring under Ar for 3 h.  After
cooling, the resulting mixture was poured into water, and then extracted with chloroform. The extracts were
washed with dil. HCI solution, water, and brine, dried, and concentrated. Chromatography on silica gel with
chloroform-methanol (50 : 1) as the eluent yielded the guanidine 18 (92 mg, 69%) and its benzyl analogue 19
(20 mg, 13%).

18: [a]p2? -14.5 (¢ 0.53 in CH2Cly); Vinax (CHCI3): 3280, 1690, 1560, 1465, 1080 cm!; 81(400 MHz)
1.86 (3H, s, NAc), 2.80 (IH, m, H-6), 2.97 (6H, s, NMe), 3.41 (IH, m, H-5), 3.50-3.65 (6H, m, H-7, 2',
4,6, 3.75 (IH, t, J = 8.8 Hz, H-3), 4.11 (1H, brs, H-4), 4.23 (2H, brs, H-3a, 6a), 4.28 (1H, brt, H-5),
4.38-4.79 (11H, m, NH', CH,Ph), 4.65 (1H, d, Jy'p- = 7.8 Hz, H-1"), 7.15-7.31 (25H, m, Ph); 3¢(100
MHz): 23.5 (AcN), 39.2 (NMe), 51.1 (C-6), 55.8 (C-2), 62.1 (C-6a), 65.1 (C-3a), 68.8 (C-7), 68.9 (C-6),
71.8 (CPh), 73.0 (CPh), 73.3 (CPh), 74.5 (C-5"), 74.6 (CPh), 75.3 (CPh), 78.3 (C-4"), 82.6 (C-3"), 83.3
(C-5), 88.4 (C-4), 99.4 (C-1"), 127.7 (Ph), 127.8 (Ph), 128.0 (Ph), 128.4 (Ph), 128.5 (Ph), 137.8 (Ph),
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138.1 (Ph), 138.2 (Ph), 158.6 (C=N), 171.1 (C=0);
miz, 869.4489,

19; [ofp2* +52.0 (¢ 0.18 in CHCl3); Vmax (CHCl3): 3300, 1655, 1580, 1470, 1385, 1080 cm-; S(400
MHz) 1.69 (3H, s, NAc), 2.28 (1H, m, H-6), 2.98 (6H, s, NMe), 3.42 (1H, m, H-5), 3.54-3.65 (6H, m, H-
7,2, 4,6, 374 (IH, t, J = 8.8 Hz H-3), 3.97 (1H, dd, J3a.4 = 3.1 Hz, Ja,5 = 5.8 Hz, , H-4), 4.04-4.10
(2H, m, H-5, 6a), 4.32 (1H. dd. J364 = 7.9 Hz, J3,.4 = 3.1 Hz, H-3a), 4.41-4.77 (12H, m, CHyPh), 4.71
(1H, d. Jy-2 = 8.3 He, H-I"), 5.40 (1H, brs, NH"), 7.17-7.37 (30H, m, Ph); 8c(100 MHz): 23.4 (AcN), 39.1
(NMo), 48.3 (C-6), 56.2 (C-2'}, 67.7 (C-6a), 68.2 (C-7), 68.9 (C-67, 71.7 (CPh), 71.8 (C-3a), 73.3 (CPh),
73.4 (CPh), 74.4 (CPh), 74.6 (C-5"), 74.8 (CPh), 75.7 (CPh), 78.4 (C-4"), 81.3 (C-3"), 83.7 (C-5), 89.0 (C-
4y, 100.0 (C-1"), 127.4 (Ph), 127.5 (Ph), 127.7 (Ph), 127.9 (Ph), 128.0 (Ph}, 128.1 (Ph), 128.2 (Ph), 128.3
(Ph), 128.4 (Ph), 128.5 (Ph), 128.8 (Ph), 135.4 (Ph), 138.1 (Ph), 138.4 (Ph), 138.7 (Ph), 163.1 (C=N),
170.0 (C=0); HR-FABMS Found: (M+H)*, 975.4914. CsoHg709N4 requires m/z, 975.4908.

e

nal. Found: (M

(3aS,4R,5R,6S,6a5)-2-Dimethylamino-3a,5,6,6a-tetrahydro-4-hydroxy-6-hydroxymethyl-
4H-cyclopentimidazole-5-yl  2-Acetamido-2-deoxy-f-D-glucopyranoside hydrochioride (4).

i) From 18. To a stirred solution of the guanidine 18 (49 mg, 0.05 mmol) in AcOH-H20-EtOH (1:1: 1,
vivtv, 3 ml) was added 10% Pd-C (24 mg) and the mixture was stirred at room temperature for 18 h under a
hydrogen atmosphere. The catalyst was then filtered off and washed with ag. methanol. The filtrate and
washings were combined and concentrated in vacuo, and the residual syrup was chromatographed in a column
of Sephadex-G 10 equilibrated with HoO. The amine fractions, eluted with H,0, were combined and
concentrated in vacuo. The residue was dissolved in water, and lyophilized to give 4 (24 mg, 99%) as a
hygroscopic powder.

ii) From 19, Treatment of the benzyl ether 19 (9 mg, 9 mmol) as described above yielded the guanidine 4 (3
mg, 75%), [alp24 +13.0 (¢ 0.20 in HyO); vmax (KBr): 3300, 1680, 1650, 1541, 1433, 1110 cm-!; 8y (400
MHz; D;0, DHO=4.80): 2.07 (3H, s, NAc), 2.24 (1H, m, H-6), 3.02 (6H, brs, NMe2), 3.44 (1H, dd, J3 4 =
8.8 Hz, J4 5 = 9.8 Hz, H-4"), 3.52 (1H, ddd, J4' 5 = 9.8 Hz, J5' 6o = 6.6 Hz, J5 6p' = 2.2 Hz, H-5, 3.58
(1H, dd, Jy' 3 = 10 Hz, J3 4 = 8.8 Hz, H-3'), 3.64 (1H, dd, J¢ 72 = 6.3 Hz, J7,7p = 11 Hz, H-7a), 3.73 (1H,
dd, J;' 2 = 8.5 Hz, J2 3 = 10 He, H-2"), 3.74 (1H, dd, Js'6 = 6.6 Hz, Jea 6t = 12 Hz, H-6'3), 3.79 (1H, dd,
Js5.76 =44 Hz, J7,,75 = 11 Hz, H-7b), 3.82 (1H, dd, J4 5 = 4.8 Hz, J56 = 8.7 He, H-5), 3.98 (1H, dd, J5'¢ =
2.2 Hz, Jeaeb = 12 Hz, H-6'b), 4.18 (1H, dd, J3a,4 = 4.8 Hz, J34,64 = 9.6 Hlz, H-32), 420 (1H, 1, J354 =
4.8 Hz, J45= 4.8 Hz, H-4), 431 (1H, dd, J3z6a = 9.6 Hz, Js 64 6.0 Hz, H-6a), 4.55 (1H, d, J1 > = 8.5 Hz,
H-1'); 8¢(100MHz, D,0, dioxane=67.4): 22.0 (AcN), 37.8 (NMe), 52.1 (C-6), 55.5 (C-2'), 57.5 (C-6a),
59.5 (C-7), 60.7 (C-6"), 63.2 (C-3a), 70.0 (C-4), 73.4 (C-3"), 75.7 (C-5), 81.5 (C-4), 84.8 (C-5), 101..7
(C-1", 158.2 (C=N), 174.4 (C=0); HR-FABMS Found: (M+H)*, 419.2(38. Cy7H3 08N, requires m/z,
419.2142.
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