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INTRODUCTION 

Many~seswiththeringoxygenreplacedbyaniminogrouparenaturalproductsand~aspotent 

glycosidase inhibitors. lc In the last decade it has been of in&rest to develop e&ctive synthes of such com- 

pounds and thek analoguesl for the imwtigation of glycosidaae action and for the development of spceik 

glycosidascinhibiifbrtreathgmetabolicdisordasauehcu,diabet& oru~urtibbdaialendaati- 

~asarts.IbAsubjectofdebrtticbow~inhibiton~witb~~.Itisconmronlytbought 

thattheghlcosi~inhibitorrhould~thttrensitioa~inthehyQolysisof~~~ldand 
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that in the design of new inhibitors both charge, conQuration and conformation must be taken into 

account. le It is also normaliy supposed that an important feahlre of a good glycosidase &ibitor is the repla- 

cement of the ring oxygen of the parent sugar by nitrogen.1 Recentiy a catalytic amibody was developed that 

catalysed the tetrahydropynmyl ether hydrolysis reaction shown in Scheme I3 It can be argued that this 

antibody acts as a glycosidase though on an extremely simple level. In the field of cataiytic antiies a tran- 

sition state analog (TA) for the desired reaction is used as antigen to genera& the antiies.4 and in this case 

the antigen employed was the piperidinium-ion shown in Scheme 1. With the knowiedge of the composition 

of the usual inhibitors of giycosidases, it seemed surprising that tbis piperidinederivative appamndy was a TA 

for this simplified giycosidase mod4 because the nitrogen has repiaced the anomeric carbon and not the ring 

oxygen. 

w catalytic 

antibody 

AAr 
& ,Me 

I 
Ar 

Scheme 1 

With this example in mind, it was of interest to synthesise a monosaccharide derivative with a nitrogen 

in place of the anomeric carbon to investigate its properties as a glycosidase inhibitor, particuiariy because no 

such compounds have been prepared previously. We decided to prepare a ghmose analog (3R, SR, 5R)-3,4- 

dihydroxy-S-hydroxymethyi-piperidine 1, and named this isotkgomine since the di&ence between 1 and fa- 

gomht 2 is the position of tht nitrogen. We here report the preparation of 1 Corn levoghrcosan in a 10 step 

synthesis giving an overah yield of 6%. 
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1 -Deoxynojirimycin 

Scheme 2 

RESULTS AND DISCUSSION 

Two routes for the synthesis of 1 were proposed as shown in the wr Scheme 3. In stramgy I, 

lcouidkobtainedfiomtheconespondinglactambyreductionandnmovalofp~groups.This 

lactam couid be obtained by opening of the tpoxyltcttm 6 with a nuckophiie (fir example an a-aikoxy- 
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cupmte) to introduce the hv lgroup. 6Wouldbeobtakblei?omtbcbromolactone4bytraUmc& 

with aqueous anmro;nia6aadprotectionoftbehydroxy~.Inrtrategy2tbe~mataialwasthe 

chiral Ceq epoxide 7,7 which could be opened with a suitable reagent to introduce a hydnxymethyl group 

ate-2inasimilar mannerasproposedins&ategy1.AAer hydrolysisoftheanllydrobond,tllepentodUdose 

could be obtained by oxidative cleavage of the carbon chain. The piperidine 1 would be the expec&d product 

after reductive &nation. Strategy 1 was first followed because it seemed a short promising route to the 

synthesisof1. 

q_ =3 p&O-> ‘y&4 
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Scheme 3: Retro synthesis of 1 

The starting material, 2,3-~~~5-bromo-Saeoxy-Plyxonolacto easily prepared from ~-g&c- 

tose in 3 stepqs was treated with aqueous ammonia under controlled conditions to &e the S-amino-2,3-an- 

hydra-Sdeov-D-lyxono-1,5&ctam 5 in 79% yield as a crystalline compound. It was t?nmd by monitoring the 

reactionbyl3C-NMRthatareactiontimeof45~~optimd.SWasknown~anintePmdirteinthe 

synthesis of 2,5dia&no-2,5dideoxy-D+xonolactam,6 but had not been isolated befbre. The con&m&m 

ofSwasfoundtobc5Hq.Thiscondusion~bastdon~oftbe~~~urdthecoupliag 

constants.Aloagraaeecwplingwas~betwanH-3udH-5eq(1.5Hz),endnocouplineconstants 
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above6Hzwaeobseu~d, indicahgthatH-4wasequatorial,and ruhgoutthe4H5coahmation.This 

somewhat uWqK&ed conformation explains why 5 was selw opened at c-2 by ammonia6 cm contrast 

to acyclic 2-epoxy amides which were opened at C-3) since opening at C-2 was a fivorable bxms diaxial 

opening. The hydroxy group of 5 was protected as its tert-butydimethylailyl (TBDMS) e&r,* to give 6 in 

84% yield as a cry&&e compound. Next step was the introduction of a bye group. This was 

expected to be possible with the dilithium banzoxymethyl-2-thienyl-cya~xuprate. A high o&r cyano- 

cuprate (R2C!u(CN)Li2) was chosen because these are known to be more reactive than lower order cuprates 

(R2CuLi).g The reagent was used together with borontritluoroetherate, known to improve yields.10 The 

cuprate was prepared by mixing benzyloxymethyl Whm, pregenemted from benzyloxymethylttibutylstannane 

and butyUithium,~l and lithium 2-thienyl cyanocuprate at -78 ‘C. It is important to real& that since a-al- 

koxyalkyllithiums are hermally unstable the reagent had to be prepared at -78 “C, which can be done by ma- 

king it from a stable lower order cuprate. 12 The 2-thienyl moiety is a dummy group and will not be tram&e 

6 
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5:4 fi Bn 
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m 7 + 

5:4 
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a: IVIQOH (25%), 20 OC; b: TBDM!Xl, imidazol, DMF, 20 ‘C; C: 1) Bu2Cu(cN)Liz, THF, -78 “C; 2) 

BF3.OEt2, -78 “C; d: 1) (BnOCH2)(2-Tl#hoCu(2, THF, - 78 “C; 2) BF3.OEt2, -78 “C. 

Scheme 4: synthesis of epoxylactam and epoxide-opalings 
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retj.9b.12 Before epoxide opening with the benzyloxymethyl cuprate was attempted, the simpler dilithitun 

dibuty14wanocuprateg~~ wasusedinamodelexperiment.Useof2.8~~~oftbebutylcuprate 

resulted in a 45% conversion of 6 into the 2-butyl lactam as verified by 13C NMR (Scheme 4). The product 

was not isolated and the reaction was not optimised. With this positive result in mind the benzoxymethyl 

cyanocuprate was prepared and attempted to react with the epoxide 6, but no reaction was observed and the 

epoxylactam was reisolated. With the primary epoxide 1,2-epoxybutane the cuprate reacted, however, to 

givq 3-hydroxypentylbenzyl ether (Scheme 4) as verilied by 13C NMR. This indicated that the epoxylactam 6 

was too stable or the cuprate too umeactive. Strategy 1 was abandoned at this stage and Strategy 2 was 

pursued. 

The starting material 1,6:2,3-dianhydro-4_O-benzyl-BD-mannopyr 7 was synthesised as described 

by Cemy et ai in a four step synthesis from the easily available 1,6-dianhydro-g-D-glucopyranose. l4 To 

introduce a hydroxymethyl group use of the cuprate was again attempted. As in the 6rst case 45% of 

epoxide 7 was opened at C-2 with Bu2Cu(CN)Li2 (2 eq) and borontrifluoroetherate as was veritied by 13C- 

NMR. Reaction of (BnOCH2)(2Thienyl)Cu(CN)Li2 with 7, however, gave only the start& material and 

tetrabut@taMane. The use of the a-alko~cuprate was therefore abandoned. Ganem has described a proce- 

dure using alkyllithium and borontrifluoroetherate in substitution reactions.15 7 Was reacted with benzyloxy- 

methyl lithium following this procedure, but without success. A third possibility to introduce a hydroxymethyl 

group was to open the epoxide with vinyhnagnesium bromide followed by ozonolysis of the double bond and 

reduction. Treatment of 7 with 10 equivalents vinyhnagnesium bromide16 gave the known compound 1,6- 

anhydro-4-O-benzyl-2-deoxy-2-C-vinyl-P-D-~u~p~o~ 1 7 8 in 87% yield. Viiyhnagnesium bromide was 

used in large excess to avoid/minim& bromohydrin byproduct. Ozonolysis of 8 followed by reductive work- 

up gave, as expected, 1,6-anhydro-4-0-benzyl-2deoxy-2-C-hydroxymethyl-g-Dglucopyranose 9 in 63% 

yield. Hydrolysis of the anhydro bond was easily achieved by gentle reflux in dilute sultbric acid giving in 

quantitative yield an anomeric mixture of 4-O-benyl-2deoxy-2~-hydroxymethyl-D-gllO as an 

oil. The g-anomer could be crystaliised from ethyl acetate in 27% yield. Dissolution of the crystalline com- 

pound resulted in mu&rotation. The optical rotation rose from +32.7O to +84.4” indicating that the cty&Uine 

material was the p-anomer, which was verified by proton NMR of the freshly dissolved crystals. H-l gave a 

doublet at 4.48 ppm with a coupling constant of 10 Hz. 

The next reaction was periodate cleavage of 10. It is known that periodate cleavage between C-S and 

C-6 in 4-O-a&dated glucose derivatives is slow. 18 To speed up the reaction NaI04 was used in excess, and 

a 1: 1 mixture of methanol and water was used as solvent. Use of 3 equivalents for 192 h at 20 “C resulted in 

57% yield of the product, but when 5 eq. NaI04 was used at 45 “C the yield of the pentadialdose was 72 to 

87% atbar 3 h. 13CNMR of the product was very complex, due to several conformers and hydrates of the 

pentadialdose 11. To verify that the product was the expected pentodialdose, a sample was reduced with so- 

dium borohydride, which gave the corresponding polyol. Reductive amination using 12 M ammonia in ethanol 

under hydrogen pressure (3500 kPa) and Palladium on charcoal as catalyst was expected to yield the 

piperidiie 1. However, 13C-NMR showed two products and surprisingly both had the 4-O-benzylgroup in- 

tact. The minor compound was tentatively identitkd as the 1,5-diamine resulting from reductive amination of 

both carbonyls of 11 with ammonia. This was con6rmed by the fact that the amount of byp@zt could be 

reduced by lowering the smmonia concentration. The concentration was therefore reduced Tom 12 IU to 0.23 

M which decreased the amount of byproduct fiom 22% to 5%. After chromatography the piperidine 12 was 
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obtained in 78% yield. The benzyl group was therefore reduced in acidic media by hydrosaution at 101 kPa 

with Palladium as catalyst to yield the piperidine 1 as its hydrochloride, a colourless syrup, in 93%. Contlrma- 

tion and the st~shy of 1 was based on lH, decoupled ‘I-I, 13C and 2~ IUMR spectra. ~sotbgom& 

clearly had the 4Cl conformation as seen from the large lH-NMR proton-coupliogs (11-13 Hz) of the axial 

protons next to nitrogen, H-2.ax and H-&IX, with H-3 and H-S resmy. 

B 

78% 

11 

12 1 

a: MgBrCHCH~ retlux, THF; b: 1) 03, EtOH, 0 “C; 2) NaBHq, EtOH/H20, C: 1M H2SO4, reflq 

d: NaI04, H2O/MeOH, 45 OC; e: NH3. EtOH, H2 PdK, 35 atm., 20 OC; f: HCI (aq). H2, Pd/C, 1 

atm. 

Sebeme 5 

In this paper we have reported an efllcient synthesis of 1 from the Cemy epoxide 7. In addition we have 

found that a shorter route from a 2,3-epoxylactam, 6 not was possible due to di&ulties in opening the 

epoxide. While the epoxide of 7 was equally umeactive it was a more stable compound that could be subjec- 

ted to more vigerous reaction conditions. 

Isotbgomine 1 was found to be a potent glucosidase inhiiir. It is the strongest inhibitor of sweet 

ahnond g-glucosidase known, displaying a remarkable Ki value (Ki = 0.11 pM) which is 440 times lower than 

the Ki of l-deoxy nojirimycin w1 = 47.5 pM). Further details of its biological activity will be reported el- 

sewhere.19 
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EXPERIMENTAL 

13C-NMB and lH-NMR spectra were recorded on Bruker instruments AC ZOO, AC 250 and AM 500. 

D20 was used as solvent with DHO (lH-NMB: 4.7 ppm) and acetone (IH-NMR 2.05 ppm; 13C-NMB 

29.8 ppm) as reference. With CHC13 as solvent TMS and CHC13 (13C-NMB 76.93 ppm) were used as Rena 

rences. Mass spectra were obtained on a VG TRIO-2 instrument. Melting points are uncorrected. Gptical 

rotations were measured on a Perkin Elmer 141 polarimeter. Microanalyses were carried out by Leo 

Microanalytical Laboratory. Concentrations were performed on a rotary evaporator at a temperaaue below 

40 ‘C. Dry tetrahydroturan and diethyl ether were prepared by dktilkion from sodium and benzophenone. 

Borontrithroroethemte was distilled (bp 124-125 “C) and stored under argon at 5 “C and used within a week. 

Cuprous cyanide was dried under vacuum at 125 “C for 16 h. Lithium 2-thienykyanocuprate from Aldrich 

was used. 

S-Ami~l,2~5~~~~1,4-lactame, 5. Aqueous ammonia (25%, 10 ml) was added to 

2,3-anhydro-5-bromo-5-deoxy-~l,4-lyxono-lactone (4,2.02 g, 10.5 mmol) and stirred for 45 min. The reac- 

tion mixture was concentrated and co-concentrated with toluene (2 x 20 ml). The residue (a brown syrup) 

was liltered through a column of silica gel using ethyl acetate followed by ethyl acetateImethsno1 91 as 

eluent. One &action was collected and concentrated to give 5 as a cqtalhne compound in 79?? (1.07 g) 

yield: mp 144-145 ‘C. Becrystallisation from ethyl acetateImethano1 1011 gave mp 147 “C, [cte = -28.70 (c 

1.0, MeGH). 13C-NMB (50 MHz, D20): 6 169.0 (C-l); 62.2 (C-4); 54.1 and 49.3 (C-2 and C-3); 42.3 ppm 

(C-5). *H-NMB (200 MHz, D20): 6 4.53 (ddd, HI, H-4, J3,4 = 6 Hz, J4,5 = 3 Hz, J4,5* = 1.5 Hz); 3.79 

(ddd, HI, H-3, J2,3 = 4 HZ, J3,5* = 1.5 HZ); 3.51 (d, HI, H-2); 3.37 (dd, HI, H-5, J5,5* = 14 HZ); 3.19 (dt, 

HI, H-5’). Anal. Calc. for C5H7NO3: C, 46.51; H, 5.46; N 10.85. Found: C, 46.05; H, 5.43; N, 10.82. 

S-Ami~2,3~~S~~~tert-eoxy-4-O-tert-butyldimethy 6. To a sohrtion oft- 

butyldimethylchlorosilane (0.42 g, 4.79 mmol) and imidazole (0.397 g, 5.81 mmol) in DMF (1 ml) in a dry 

flask, 5 (0.30 g, 2.3 mmol) dissolved in DMF (7 ml) was added dropwise. The mixture was stirred 8x 2 h rut- 

der a nitrogen atmosphere. Dichloromethane (8 ml) was added, and the mixture was washed with 1N HCl(2 

x 15 ml) and saturated NaHC03 (1 x 15 ml). The organic layer was dried with magnesium su&te, t&red 

and concentrated to give 6 as a white c@alline compound in 84% (0.47 g) yield. -on from he 

xane gave: mp 106.5-107 “C, [c$ = -34.4O (c; 1.0, CHC13). 13C-NMB (50 MHz, CDC13): 6 168.0 (C-l); 

64.3 (C-4); 54.7 and 50.3 (C-2 and C-3); 43.9 (C-5); 25.4 (t-Bu, 3 x CH3); 17.8 (t-By C); -5.0 ppm 

(CH3hSi). lH-NMB (200 MH.q D20): 6 6.75 (broad, lH, N-H); 4.3 (broad s, HI, H-4); 3.45 (d, Hi, H-59; 

3.0 (dd, lH, H-5); 2.9 and 2.8 (2 d, 2H, H-2 and H-3); 0.85 (9H, t-Bu); 0.5 (6H, (CH3bSi). Anal. Calc. for 

CllH24NO3Si: C, 54.29; H, 8.70; N, 5.82. Found: C, 54.09; H, 8.64, N, 5.82. 

Dilithtum dibutyl~ rate. Tocuprouscyanide (O.l15g, 1.28mmol)inadryflaskequippedwith 

a septum, dry diethyl ether or THF (1.3 ml) was added under au argon atmoapheae aud cooled to -78 “C. 

Butyllithium 1.6 M in hexane (1.6 ml, 2.56 mmol) was added with a syringe. The flash was removed f?om the 

cooling bath until a darkening of the solution was observed. The solution was recooled to -78 Oc and used in 

situ. 
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Dilithium benzyloqmetlyl-2-thienyl-qwwwpd e. To benzoxymethyltributylstannane (0.822 g, 2.0 

mmol), dry THF (2 ml) was added and cooled to -78 OC under an argon atmosphere in a dry flask equiped 

with a septum. Buthyllithium 1.6 M in hexane (1.25 ml, 2.0 mmol) was added. A&r s&ring for 10 min 

lithium 2-thienyl -qanocuprate 0.25 M in THF (8.0 ml, 2.0 mmol) was added slowly to the yellow sohrtion at 

-78 OC. The colour changed to orang&rown. The cuprate was used in situ at -78 “C afler stir@ for another 

20 min. 

Reaction between dilithium aWu@ymocuprate and 6. To a solution of diithium dibutylcyanocuprate 

(2.0 mmol) in ether, prepared as described above, a solution of 6 (0.17 g, 0.7 mmol) dissolved in dry diethyl 

ether (2 ml) was added followed by BF3.OEt2 (275 pl, 2.2 mmol). The mixture was allowed to warm slowly 

to 20 “C. After 2 h aq ammonia/saturated ammonium chloride 1: 1(4 ml) was added. The mixture was stirred 

until 2 homogeneous phases appeared. The aqueous layer was extracted with ethyl acetate (5 x 5 ml). The 

collected organic layers were dried with magnesium sulfate, filtered and concentrated. The residue was a yel- 

low oil containing 45% of the desired product 6a and 55% 6 as seen from 13C-NMR. 13C-NMB of 6a (50 

MHz, CDC13): 6 72.4, 70.7 (C-3, C-4); 50.2 (C-5); 44.8 (C-2); 28.2, 27.8, 22.9, 14.0 (Bu); 25.5, 17.8, -4.9 

ppm (TBBMg). 

Reaction between dilithium a%u@y?8ocuprate and 7. To a solution of dilithium dibutylcyanocuprate 

(2.56 mmol) in THF, prepared as described above, a solution of 7 (0.30 g, 1.28 mmol) in dry THF (2 ml) 

was added followed by BF3. OEt2 (356 a 2.82 mmol). After stirring for 1.5 h at -78 ‘C the mixture was 

allowed to warm slowly to 20 ‘C. Work-up a&r 3.5 h as above resulted in a yellow oil containing 45% of the 

desired product 7a and 55% 7 as seen from 13C-NM8 13C-NMB 7a (50 MHz, CDC13): 6 138-127 (Ph); 

103.4 (C-l), 79.0 (C-4), 74.5 (C-3), 71.1 (O&I2Ph), 69.4 (C-5), 65.0 (C-6), 46.1 (C-2), 29.3, 28.5, 22.4, 

13.7 (Bu). 

Reaction between allithium benuqvmethyl-2-thienyl~ rate and 6. To a solution of dilithium 

benzoxymethyl-2-thienyl-cyanocuprate (2.0 mmol), prepared as described above, epoxylactam 6 (0.25 g, 1 

mmol) disolved in THF (2 ml) was added. Fiiy BF3.OEt2 (0.63 ml, 5.0 mmol) was either added or not ad- 

ded. After stirring for 5 h at -78 Y! the solution was allowed to warm slowly to 20 OC. AtIer work-up as 

above starting material and tetrabutylstannane were reisolated independent on the presence or abscence of 

BF3.0Et2. 

Reaction between dilithium benwaynetlyl--2thie&qwmwpr ateand7.Thereactionwascarriedout 

as described above but using 7 (1 mmol) in THF instead of 6 in diethyl ether, and using BF3.OEt2. Tetra- 

butylstannane and 7 were recovered. 

Reaction between benzoqmetlyllithium and epaX& 7. To benwxymethyltributyl&umane (1.23 g, 3.0 

mmol) dry THF (2 ml) was added under an argon atmosphere, and the solution was cooled to -78 “C. Butyl- 

lithium 1.6 M in hexane (1.8 ml, 3 .O mmol) was added through a septum. The solution turned yellow. A&r 

stirring for 10 mm. epoxide 7 (0.234 g, 1.0 mmol) dissolved in dry THF (2 ml) was added. The yellow colour 

disappeared, and BF3.OEt2 (0.63 ml, 5.0 mmol) was added. After stirring for 2 h at -78 “C a saturated solu- 
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6 139, 130.1, 129.8 (Ph); 102.0 (C-l), 80.5 (C-4), 76.1 (C-3), 72.9 (OQ&Ph), 67.4 (C-S), 66.2 (C-6), 61.7 

(C-2’), 49.0 ppm (C-2). Anal. Calc. for Cl4Hl805: C, 63.15; I-I, 6.81. Found: C, 63.14; H, 6.79. 

1,6_An~-~~e~l-~Iuco~~, 10. 1,6-Anhydxo-4-0~benzyl- 

2-deoxy-2C~-D-~u~~o~ (9, 1.59 g, 6.0 mmol) was dissolved in 1 M sulfuric acid (30 

ml) by heating to re&x and the solution was boiled for 1 h. After cooling to room tempaaaus the solution 

was poured through a c&mm containing Amberlite IR 67, OH- (120 ml). The c&mm was rinsed with water 

followed by methanol (400 ml). Concentration of the eluate gave 1.67 g (98%) of a colourless syrup which 

was employed in the next reaction. However, purification using flash chromatography with ethyl acetate and 

ethyl acetate/methanol 10: 1 as eluent gave a product in 76% (1.29 g) yield. One of the anomers (B) could be 

obtained by crystallisation from ethyl acetat@ in 27% yield as a white crystalline compound. Mp. 102-105 ‘C, 

[c$= +32.7“ + +84.4’ (c 1.0, CH3OH). 13C-NMR (50 MHz, D20): 6 136.8, 128.3, 128.0 (Ph), 94.1 (C-l, 

@, 91.4 (C-l, a), 78.6 (C-4), 74.4 (C-3), 70.3 (Om2Ph, C-6 p), 69.5 (C-6, a), 60.3 (C-5), 59.1 (C-2’, a), 

56.6 (C-2’, B), 49.9 (C-2, p), 47.7 ppm (C-2, a). lH-NMR (200 MHz, D20): 6 5.13 (d, lH, H-l (a), Jl,2 = 

3.5 Hz), 4.48 ppm (d, lH, H-l (p), Jl,2 = 10 Hz). Anal. Calc. for Cl4H2006 x 0.3 H20: C, 58.04, H, 7.17. 

Found: C, 58.07; I-I, 7.19. 

4-O-Be~l-2~~2~~et~l-~~l~~n~~, 11. To a solution of 4-O-w-2- 

deo~-2_-~~u~p~o~ 10 (1.4 1 g, 5.0 mmol) in methanol (15 ml) was added dropwise a 

solution of sodium periodate (5.35 g, 25.0 mmol) in water (50 ml) over 15 min. Further methand (25 ml) was 

added. The mixture was stirred at 45 “C for 3 h. The precipitated iodate was filtered off, and the mixture was 

concentrated. By solution of the residue in ethyl ace-tat&thanol 1: l(80 ml) more iodate was precipitated and 

tiltered off The mother liquour was concentrated and the residue (2.07 g) was &ah chromatographed using 

ethyl acetate as ehznt giving 11 as a yellow syrup in 87% (1.09 g) yield. A second fraction comaining 9% of 

unreacted star@ material (0.13 g) was isolated. The purified product was used immediately in the next reac- 

tion. The 13C-NMR spectrum was complex and the product was identified aa the reduced polyol: To a solu- 

tion of 11 (0.16 g, 0.63 mmol) in ethanol/water 1:l (4 ml) a solution of NaBH4 (0.21 g, 5.6 mmol) in 

ethanol/water 1: 1(8 ml) was added dropwise keeping the temperature below 10 OC. The reaction mixture was 

stirred for 45 min at room temperature. Amberlite lR 120, H+ (6 ml) was added. Atter stirring for 30 min the 

Amber&e was filtered off and rinsed with water and ethanol. The tiltrate was concentrated and co-concentra- 

ted with methanol (3 x 6 ml) to give the polyol. 13C-NMR (50 MHz, D20): 6 140.0, 131.1, 130.7 (Ph); 82.0 

(C-4); 75.0 (mph); 71.8 (C-3); 62.9, 62.2, 61.6 (C-l, C-2’, C-5); 46.6 ppm (C-2). 1~ NMR (200 MHz, 

420): 6 7.45 (s, 5H, Ph); 4.70 (2 d, 2H, Q!&Ph); 3.87 0s 1H); 3.82 (d, 2H); 3.78 (t, 1H); 3.69 (Is 2H); 

3.58 (dd, 2H); 1.95 ppm (sext, lH, H-2). MS (CI, NH3): m/z 257 (M + H+), 274 (h4 + NIQ+). 

(3R, 4R, 5~-3-Be~l~~S~e~i~i~~~~, 12. To a solution of 4-G-l-2- 

deoxy-2C-hydroxymethyl-D-xylo_pentodiald (11, 1.77 g) in ethanol (40 ml) was added 0.29 M NH3 in 

ethanol (162 ml) and 5% palladium on charcoal (300 mg). The mixture WBS hydrogenated at 3500 kPa at 20” 

for 15 h. The reaction mixture was filtered and concentrated. The residue (1.85 g ) was flash chromato- 

graphed using ethanoUN’H4OH (25% aq)/triethylamine 122:2: 1 as eluent giving the product 12 as a colourless 

syrup (becoming coloured on storage) in 78% yield. [a]? = +13.5’ (c; 1.0, EtOH). l3C-NMR (62.9 MHz, 
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D20): 6 138.1, 128.1, 127.3 (Ph); 80.6 (C-3), 74.9 (C-4); 71.8 @Q&Ph)); 62.5 (C-S’); 48.0 (C-2); 46.8 (C- 

6); 45.0 ppm (C-S). lo-NMK (500 MHz, D20): 6 7.3 (s, SH, Ph); 4.65,4.51 (2 d, 2H, =zPh, Jw = 12 

Hz); 3.66 (dd, lH, H-k’, Jsa’,5b’ = 10 Hq Jsay = 5.5); 3.57 (dd, lH, H-S%, J5b*,5 = 4.5 Hz); 3.41 (dd, lH, 

H-4, J3,4 = 11 HZ, J4,5 = 9 HZ); 3.3 @road, N-H); 3.27 (dd, IH, H-3, J3,2= = 11 Hz, J3,w = 4 Hz); 3.22 

(dd, lH, H-2eq J-k = 11 Hz); 2.97 (dd, lH, H-6 eq, Jm, h = 12, J-5 = 4 Hz); 2.38 (t, IH, H- 

2ax, J2a2e4 = J-3 = 11 Hz); 2.31 (t, lH, H&x, J6&m = J6-5 = 12 Hz); 1.80 ppm (m, lH, H-5). 

MS (CI, NH3): m/z 238 (M + H+). 

(3R, 4R, 5~-3.4-Di~~S~~e~l~i~~~~ @akoch&&, 1. (3R, 4R, 5R>3-Benqloxy- 

4-hydroxy-S-hydro~~yl-pied (12, 0.527 g, 2.2. mmol) was dissolved in ethanol (50 ml). 0.5 M 

HCI (5.3 ml) and 5% palladium charcoal (300 mg) was added. The mixture was hydrogenated at 101 kPa and 

20 OC for 18 h. The reaction mixture was filtrered and concentrated to give 1 in 93% (0.375 g) yield. 13C- 

NMR (50 MHz, D20): 6 70.7 and 68.1 (C-3 and C-4); 58.6 (C-5’); 46.2 and 44.4 (C-2 and Cd); 40.6 ppm 

(C-5). lH-NMR (500 MHz, D20, pH < 1, ref. HOD 4.63 ppm): 6 3.72 (dd, lH, H-5b’, J5a*,w = 11.5, J5,5b* 

= 3.3 Hz); 3.67 (ddd, lH, H-3, J3,2= = 11.2, J3,4 = 8.9, J3,2q = 4.9 Hz); 3.64 (dd, lH, H-Sal, Jsal,5 = 6.2 

Hz); 3.43 (ddd, lH, H-2eq, Jw,h = 12.7, Jzec1,3 = 4.9, J2es,w = 2.0 HZ); 3.42 (dd, HI, H-4, J4,5 = 

10.5 Hz); 3.41 (ddd, H-I, H&q, J-sax = 13.4, J6eq,5 = 3.8, J%,m = 2.0 Hz); 2.87 (dd, lH, Haax, 

J6-5 = 12.2 Hz); 2.78 (dd, H-I, H-2ax); 1.86 ppm (ddddd, Hi, H-5). If necewary the product could be 

chromatographed using ethanol/NIQOH (25% aq) 10: 1 to give the corresponding ke base [I$= +19.6” (c 

0.85, EtOH). MS (CI, NH3): m/z 148 (M + H+>. Anal. Calc. for CgHl3NO3: C, 48.97; I-I, 8.90, N, 9.52. 

Found: C, 48.46; Ii, 9.33; N, 9.17. 
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