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Abstract: A facile synthetic route for the huge-scale pmparation of a herbicidal natural product, (+)- 
hydantocidin, is described. The protected D-p&se 6, prepared in five steps from D-fructose, was 
stemospecifically converted to axido-amide 14 by N-glycosidation (TMSN$l’MSOTf), oxidation and 
amination. Hydantoin ring-construction on 14 was achieved by axa-Wittig reaction (pBn3 /CO4 CH&N) to 
give 16 without epimerization at the anomeric center. After acetylation, stepwise &protection of 24 afforded 
(+)-hydantocidin 1 in 16% overall yield fromDfructose. 

In the preceding papers’ we described the synthesis of (+)-hydantocidin 12 and its stereoisomers on the basis 

of an aldol condensation methodology which employed D- and L-thmose derivatives A and hydantoin B as 

starting materials (Scheme 1). The methodology was suitable for the synthesis of its stemoisomem, but 

disadvantageous for the large-scale synthesis of (+)-hydantocidin itself because of using costly start& 

materials and requiring a tedious chromatography. Since it become n ecessaiy to prepare large quantity of 1 for 

detailed evaluation of its herbicidal properties, we needed to develop a new synthetic method overcoming these 

problems. In this paper, we describe an efficient method for constructing the hydantoin ring at the anomeric 

position of a furanose in the complete synthesis of 1. 

Our synthetic plan is shown in Scheme 1. The hydantoin ring is dkCOMe&d mtrosynthetically into an 

amino-amide C and an carbonyl unit. The amino-amide C is obtainable by reduction of the axide group and the 

oxidation of the hydroxymethyl group in D, which can, in turn, be derived by stereoselective introduction of an 

azide group to the psicose derivative E. Although various synthetic methods for hydantoin formations have 

been investigated, most of them am thought to be drastic to the O,NH-hetal functionality in C causing a 

furanose ring-opening and/or epimerixation. Therefore, a mild condition is essential for the success of this 

Spiro-formation. Another major problem is the choice of the suitable psicose E, which should be derived from a 

common sugar in a large scale and should be a good substrate for the N-glycosidation at gposition. 

Surprisingly, little attention has been paid to the N-glyccsidation of D-psicofumnose derivatives, and, to our 

knowledge, only 2-bromo-1,3,4-triObenxoylpsioofuranose derivatives4 have been used as the substrate E for 

the synthesis of some hetohexose nucleoside5. 

With the above consideration in mind, we chose 1,2:3,4-di-Oisopropylidene-D-psicofumnose 6 as the 

psicose E, which was prepared from D-fructose according to a literature procedu~~~~ with several improvements 
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@&me 2). Catalpic ruthenium oxidation6 of 1,2:3,4_diOisoptoWlidene_DfructoWnuLose 2 PEW from 
D-f~ctoee by isopq$idcnation using HC104 as GUI acid cat&&, was adopted for large scale conversion to 

afford the cor~~ponding ketone 3 in 99% yield. §te~~~~kctive tictioa of 3 followed by isometi~ of the 

pyranose 4 into the futanose 5 was accomplished in 68% yield, and the resulting hydroxy pup in 5 was 

protected with a benzyl group to give 6 (39% overall yield from Mtuctcse). 
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a) HCIO,, dimethoxyacetone, 58%. b) RuClsxHgO, Na104, BnN*Et&I-, K&O,, CHCI,-H20, 99%. 
c) NaBH,, EtCH, 96%. d) HC104, dimethoxyacetone, 71%. e) BnCI, NaOH, BnN *Et&I-, 99%. 
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While we inter&d to employ an azide nucleophile for the N-glycusidation of 6, the= exist several problems: 

(I) the site selectivity among the three wble ketal functionaliti~ with nucleophile under the Lewis acidic 

conditionq (2) the chemoselectivity in the desired oxonium intee whether accepting of the mvzleophile 

or abs&&ing the neighboring pmtons, and (3) the stereosele&vity of the desired glycosidaiion. When 6 was 

actually treated with azidotrimethylsilane (TMSN3) in the presence of tritylperchIomte (TrClO$ or 

trimethylsilyhAflate (TMSOTf)tO, the desired paxide compound 8 was obtained pm&mina& in high yield 

@heme 3). Interestingly, an equimolar amount of the Lewis acid was requited in dichlommethane, whereas 

the reaction in acetonitrile PKNX&XI completely in the presence of only catalytic amounts of the acid 

@'able 1). Initial pmduds, expected to be a mixture of anomeric sten&somers 7, were hydrolyzed 

6 
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Scheme 3 

a) TMSNs, Lewis add; see Table 1. b) M&I, EtsN, 96%. c) Dowex SOW(H+), 

MeOH-H20, 79%. d) NaN(lMS)2, THF, 73%. 

Table 1. N-glycosldatlon of 6 with TMSNs 

ratlo 
entry solvent Lewls acid 

yield 
6+9 6:9 

1 CH&I, TrC104 (l.Oeq) 70% 6 : 1 

2 CH,CI, TMSOTf (l.Oeq) 63% 6 : 1 

3 CHsCN TrC104 (0.3eq) 61% 13:l 

4 CHsCN TMSOTf (0.3eq) 97% 16:i 

into 8 and 9 during the aqueous work up. The stereochemistry at C-l in 8 was confirmed chemically by 

oxetaneformationtl on the furanose ring @cheme 3). After mcsylation and de-isopropyl&nation of 8, the 

resulting alcohol 10 was cyclizcd into an oxetanc 11 by treatment with sodium bis(trimethylsilyl)amide. No 1,4- 

anhydroisomer, which could be easily distinguished from 11 by analysis of spin-system in the ‘H-m was 
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formed in this procedum. This transformation indicates a c&rehtionship between the C-l hydroxymethyl group 

andtheC-3hydtoxygtoaponthepsicofnratboseaadco~thattheazidogtoupisintroducedat~position.It 

turned out that the spirodioxacyclopentane ring in 6 was pmdominantly opened to form an oxonium 

intermediate at the anomeric position and it was attached by IMSN3 from the pi& sterically and/or 

electronically owing to the C-2 substituent of the fumncse ring. None of the enol ether or its hydrolytic products 

indicates a sufficient reaction rate in the oxonium intermediate with the azido nucleophile compared to the 

proton abstmction at C-l and/or C-3 position. 

out next attention was directed toward the hydantoin synthesis (Scheme 4). An appropriately functionalized 

azido-amide 14 was thought to be a suitable intermediate. The alcohol 8 was tmm&med in m of 
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Scheme 4 

a) (COCljs, DMSO, E&N, CH&l2,96%. b) NaC102, NaH2P042H20, P-methylbutene, f-BuOH-H,O. 
c) CIC02Et, EBN, THF, 0°C then NH3 gas, 72% from 12. d) Zn, NH&I, THF-MeOH, 72%. e) CO(lmd)2, 
benzene, 16 (25%) and 17 (30%). f) PB%CH&N. g) C$, CH,CN, 16 (68%) and 19 (4%). 

Swem oxidationrz and NaOC12 oxidation13 into a carboxylic acid 13, which was further converted to amide 14 

through a mixed acid anhydride in high yield. The stereochemistry of the anomeric position was favorably 

retained during a series of transformations. Initially we attempted to construct a hydantoin ring by carbonylation 

on amino-amide 15. Reduction of 14 unfortunately gave inseparable anomets (the ratio was ranging in 1: 1 - 1:2 

measured by tH-NMR) of 15 under three different conditions (Zn/NI$Clt4, NaTeHIs and Hz/I’d-@), 

respectively. Fwthermom, the formation of the hydantoinr7 on the amino-amide 15 succeeded only by using 

carbonyldiimidazole in refluxing benzene to afford 16 (25%), but the undesired anomer 17 was also produced in 

30% yield. Therefore, it become necessary to build the hydantoin nucleus on azido-amide 14 without the 

epimerization. It is well lmown that an azide reacts with a phosphorus (III) compound to afford an 
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iminophcsphora@ which macts with carbonyl compounds to produce the comqw&ng imine by aza-Wittig 

reactiol$? Although this tmnsformation has been utiked to construct various aza-hetemcycle+ them is no 

attempt for synthesis of hydantok thexefom, our major interest is whether this process can be performed at the 
anomeric position with retention of skmochew. In the filst tria& tmatment of 14 with tri-n-butylphc43phin 

(PBu3inTHFaffordedapolatintermediate,iatinophosphoran18,and~ncheintrodnctionofC4tothe 

reaction mixture gave the &shed spim-hydantoin 16 (35%) along with amino-cyanide 1920 (32%). The 

formation of 19 would be attrihted to a cyclic O,hrphosphoran 21 formed through the pmtotmpic &if@ from 

amide to iminophcsphomn followed by the elimination of tributylphosphin oxide. In order to prevent the 

formation of 19, several solvents and phosphoms (IIl) reagents were exam&i, and the results are shown in 

Table 2. Among them, the use of PF& in acetonitrile incmased dramatically the yield of 16 with trace amounts 

Table 2. Hydantoln formation of 14 via aza-Wfttla reactton 

solvent P& 
%, yield ratio 

16 19 16 : 19 

THF PBU, 35 32 l.l:l 

dioxane PBy 20 26 1 :1.3 

CH&I, PBU, 54 26 1.9:1 

benzene PBU, 26 42 1:1.6 

CH,CN PEJy 68 4 17:l 

CH&N PPh, 26 7.4 3.7 : 1 
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Scheme 5 

a) Dowex 50(H 3, MeOH-H20, 95% (22~23 - 95~15 ). b) PB&, CO, gas, CH&N, r.t., 5h, 

then AQO, pyridine, DMAP, 90%. c) Dowex 5O(H+), MeOH-H20, 92%. d) NbNH,’ H20, 

MeOH, 96%. e) b (3.5ks/an*), Pd-C (lo%), MeOH, 55“C, 93%. 
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of 19. Portmmmly, no other spiroisomer 17 was deteded by HPLC!, showing that the hydantoin formation 

proceed& with retention ofsterecchemistry. The spito-sterecchemktry of 16 was cxdtmed by its convemion 

into the natural pmduct itself as descrkd in the following section 

As shown in Scheme 5, the removal of the isopropylidene gmup in 16 under an acidic condition (Dowex 

SOW(H+) in h&OH-&O) pnxeeded in 95% yield accompanied with epimerixation at the spiro center (the ratio 

of 22r23 was 8515). ‘lhe epimerixation was though to be caused in the presence of free NH group on the 

hydantoin ring; therefore, an acetyl group was introduced them by adding acetic anhydride and pyridine to the 

axa-Wittig reaction mixture. After silica gel chtomatography, N-acetyl hydantoin 24 was isolated in 90% yield 

from 14. The unexpected improvement of the yield may be attributed to the increased stability of 24 during 

silica gel chromatography. The removal of the isopmpylidene group in 24 was achieved by treatment of Dowex 

5OW(H+), and deacetylation of 25 with hydraxine monohydrate afforded benxyl ether 22 in 88% yield without 

epimerixation. The last step was accomplished by hydtogenolysis of 22 to furnish the final compound 1 in 93% 

yield after Diaion CHP 20P column chromatography. The synthetic compound was found to be identical in 

every respect with the natural product. 

In summary, we have described an efficient synthesis of (+)-hydantocidin from the inexpensive starting 

material, ~-fructose, in 12 steps with 19% overall yield. We am now investigating other glycosidations to the 

protected psicose 6 to constntct other spiro-ribose hetetocycles for elucidation of the herbicidal structme- 

activity-relationships and the results of these investigation will be reported elsewhere. 

All melt@ points were d&mined on a Ymaw micro melting point apparatus and were on-ted. 1H-IWR spec&a weze 

tworded on JOEL, GX-400, JOEL GX-270 and Varian EM 360A Jpectrometers. Mared spectra were twotded on a Jasco A-102 

spectrometer. Msss spectra were reumkd on a JOEL Jh4SD300 spechvmetez qMicalrotatioosweze meanned 01 a Jasca DIP-360 

polalimetor. Merck Kieselgel60 Art. 9385 was used for SiO, column chromatography. 

l&4,S-DW4sopro~D-psico~ose (2). To a soqension ofD&ctose (18.42g,O.lOmol) in a mixture of acetone (37oml) 

and 2,2-dimethoxyPlupatle (7.4m& @ml) wss added 70% ~ezchloric acid (4.3ml, 48-l) at WC, snd the mixhue was stirred for 6h. 

To this mixture, cont. ammonium hydroxide (4.81nl) was added aad the mixture was evapcmted leading to a qsklliw reside which 

was dissolved in CH& (200ml). The solutioa was washed with brine (x3), dried (Na$O4) and evaporated. The tidoe was 

crystalked from CH2C12-W to give 2(15.19g, 58%) as white needles; NMR (27Oh%Ix, CDCg 6 4.23-4.09(4H, m), 4.OO(lH, 

br. d, J-12.9Hx). 3.98(1H, d, J-8,9Hz), 3.67(1H, dd, J-6.8, 8.5Hx), 1.98(1H, d, J-8SHz). 1.54(3H, s), 1.52(3I-I, s), 1.44(3H, s), 

1.37(3H$ s). 

lJ:4~~~~oprop~e~~2~-helro (3). To a mechanically stirring mixture of 2 (35O.lg, 

1.345mol), PhCHfiQNCl (15.320, 67.25mmol), NaI04 (427.08, 2.oomOol) and IcLcg (28.52g, 0.206mol) in CHCl&G (kl, 

2.31) was added RuC13.H$I (10.4Og. 46.lmmol). The reaction tempemtore was gradoally elevated to &lox. After 2h, 2+qanol 

(4ooml)wasaddedThemixhnewasstirndforIhaadthenfiltuedthroughcelite.Thearganiclayu:wasseparatcdandthewatet 

layayer was exttacted witb CI-&Cl2 (x2). the combined orgaaic layer was washed with sat. Na$% water sod brine and dried 

(Na$O& Evaporation of the solvent gave 3 (343.248,99%) as a white solid; NMR (27OMHz, CDCl3) b 4.73(1H, d, J-5.2Hx), 
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4.61(lH, d, J-9.3Hz), 4.54(1H, ddd, J-1.0,2.0, XZHx), 4.39(lH, dd, J-2.0, 13.3Hx), 4.l2(lI-& d, J-13.3Hx). 3.99(1H, d, J-9.3Hx). 

1.55(3K s), 1.64(3I&s), 1.40(3y s). 

W4 (4). To a stining solutka of 3 (83.27& 0.322tml) in EtOH (820ml) was added 

NaBH4(6.1Og, 0.162mol) at WC. Aftu 1h,thesolventwasrawved&~pressllre. Ekber(5OOml)andsat, NH4Cl(300ml) 

wereaddsdtothensidueaodstirredfa4h.Themixtunwu,pertitiaKdbetwecnethcrlodwataandthewater~awasexaacted 

~~etha(x3).Tbecombimdextracrwasdded~~~andeMporatedtogive4(80.47&%%)asawhitesolidNMR(270MHz, 

CDCQ 64.44(1H, dd, J-4.0,6.4Hx), 4.25(1H, d, J-9.3I-k). 4.2.5&?O(lH, m). 4.04(lH, d, J-9.3H.z). 4.014.OCQH, m), 3.74(1H, dd, 

J-4.0.6.4Hx). 2.3O(lH, d, E6.4Hx), 1.55(3I-I, s), 1.41(3H, s). 1.38(3H, s). 

l&3&DKMu4Wopylideae-Bpl&klWM (5). To a solution of4 (2.6Og, Khumol) in a mixture of acetone (2&l) and 2,2- 

dimetboxypqmne (0.62ml, Slmmol) was added 70% pezchloric acid (O.lSml, 1,7mmol) at 5°C. The mixture was stiued for 3h. After 

conc.ammoaiumhydmxide(0.3~)~~~~v~t~evaporateed.Theresiduewasp~~~~~ 

thewatetbyawaswtractadwithetha(x3).Tbecombined~~waswsshedwithbrine,dded(Nalsoq)andevaporated.The 

residue was chromatugmpkd on silica gel @tOAc-hcxane 1:6) to give 5 (1.84&71%) as a white solid, NhfR (27OMHx, CJX& b 

4.92(1H, dd, J-0.8.6.OHx). 4.65(lH, cl, J-6.OHz). 4.34(1H, d, J-lO.lHz), 4.3O(lH, br. t, J-2.8Hx), 4.07(lH, d, EIO.lHz), 3.77(1H, 

ddd, J-2.4, 3.2, 12.5Hz), 3.64(1H, ddd, J-3.2, 10.5, 12.5Hx), 3.17(1H, dd, J-3.2, 10.5Hz), 1.51(3H, s), 1.45(3H, s), 1.41(3H, s), 

1*33(3H, s). 

SO-Ba1zyl-l,2z3,M.Wopropylid~~psico~ (6). To a mixture of be@ chloride (0.3511& 3.07mmol) and the 

psicofuraMse 5 (2OOmg, 0.768mmol) was added a solution of bcnzylaietbylammonium chlotide (lO.Smg, O.O46mmol) and NaOH 

(307mg, 7.68mmol) in water (0.6Oml) at room tempemture. The mixture was heated at 100°C with v@ous stiuin8 for 2h. After 

being~~thereadionmix~waJextractedwithether(x3),andthecombinedextractwsswashed~~brine,dried(NaZSOq) 

and evaporated. The rfsidue was chmmatogtaphzd on silica gel (EEoAc_hwane 1: 10) to give 6 (254.Omg. 99%) as a oil. [a]D23 

-65.2” (c-1.44, CHC13); JR (CHCIJ ) 1450, 137-t; NMR (27OMHx, CDCl$6 7.28-7.2O@H, m), 4.75(1H, dd, J-1.2, 6.OHx), 

4.6O(lH, d, J-6.OHx). 4.56(2H, AFQ, I-12X-I@, 4.3O(lH, d&I, JdO.8, 6.4, 8.OHx), 428(1H, d, J-9.7Hx), 4.04(ll& d, J-9.7Hz), 

3.58(1H, dd, J-6.0, lO.OHx), 3.52(1H, dd, J-8.O,lO.OHx), 1.44(3H, s), 1.43(3H, s), 1.37(3H, s), 1.32(3H, s); HRhS found: 350.1702. 

calcd. for c,gH2& 350.1729. 

tAzido-Meo~~,~~~~e~~l~~~~~ (8) and c&omer (9). 

Using TMSOTP in CH$!N To II stinkg solution of 6 (28.3Og, 80.8mmol) and azidotrimethylsilane (21.4ml, 161.5mmol) ia 

acetoniteilc (28Oml) was added @imetbylsilyllxbkate (4.7ml. 24.2mmol) Aftez the mixhlrc was stirred at ooc for 3Omiu and at room 

tunpetahue for lb, etha (15Oml) and sat NH4Cl(3Oml) were added and the mixture. was stirred for lh to hydrolyze the silyl e&r 

intermediates. The water layer was extracted witb ether (2ODml) aud the combined extract WBS washed with brine, dried (Na$Oq) 

and e under educed presure. The resukg residue was chromatographed on silica gel @tOAc&xaue 1:3) to give a 

mixtureaf8and9(26.27&97%)inamtioofl8:1(8:9). DataofI:[a] D2s-124.30 (c-0.43, CHCQ; IR (CHCQ 3600,2130,1730. 

1450, 137Ourt; NMR (27Om CDCQ 6 7.64-7.27(5H, m), 4.8O(lH, dd, J-1.2, 6.OHz), 4.59(2H, s), 4.47(1H, d, J-6.0&), 

4.47(1H, dt, J-1.4,6.OHx), 393(2H, m), 3.62(2H, d, J-6.5Hx), 2.19(1H, t, J-6.8Hx), 1.52(3H, s), 1.32(3H, s). MS nJz 320&P-15), 

304,292,277,127,92; Anal. found C. 57.24, H, 6.20; N, 12.43. C&d. for C1&21N305: C,57.30; H ,6.31; N, 12.53%. Data of9: 

[a]D23 +24.4’ (c-1.06, CHCQ; IR (CHCQ 3420, 2105cm$ NMR (27OhWx, CDCl$ 6 7.41-7.29(7H, m), 4.89(1H, &I, J-4.2, 

6.2Hx), 4.83(1H, cl, J-6.2Hx), 4.58(2H, AEQ J-11.7Hz), 4.42(1H, ddd, J-2.2,2.8,4.2Hz), 3.8O(lH, dd, J-2.8,10.6Hx), 3.64(lH, br. 
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d, J-121Hz). 3.62(lH, dd, J-2.2,10.6Hz), 3.47(1H, br. d, E12.1Hz). 3.3-3.0(1& tw. s), 1.62(3H, s), 1.37(3& s); MS n&320(&l+- 

15). 304,293.276,149,91; And found C, 57.08, H, 6.24, N, 12.39. Calal. for C&&0.$ C, 57.3Q H ,6.31; N, 12.53%. 

Using TrCQ lo CE$N: lkeatmmt of 6 (Zn.Omg, 0.648mmol) in CH$N (2.3ml) with TrCW4 (63.lmg. 0.194mmol) ad 

TMsy (0.22ll& lhnmol) ia tk. same ~dascribedabovsgsvethemktoaof8and9(140.4mg,61%)iaaratlo(d13:1(~9). 

USillgTMSOTfhCE$I$ Tmatmmt of 6 (549&x& 1.57mmol) iu w (5.3ml) with TMSYlY (O.lOml, 0.52mmol) ad 

lMsN3 (0.45ml$3.39mmol) in the same manmdesaibedllbovegave~mixtmeofSand9(330.7mg,63%)inaratioaf8:1 (kg). 

Using TICKI~ in CE&Cb Treatmmt of 6 (197.4mg, 0.563mmol) in CH2C12 (2&d) with WI04 (193lmg, 0.563mmol) and 

TMs& (O.l9m& 1.4nmlol) ill the same rrrmmtt ~lsdescribed~eg~~~~8and9(141.3mg,7046)inantiod8:1~9). 

2+Mddo-~~nayl-l~ (10). To a solulioa of 8 (3.27g. 9.75mud) ad Et$I 

(2.7m219~~1)in~~)Iltoocwassdded~(0.9ml,12mmol)andthemixtmewassdpedfoc3amia~~ 

mixMewaspcmndinto~~thewatakyawasextrPctedwimether(~).Thecombincd~twaswsshsdwithO.SMH~ 

watf!xandbrim.AfIadrying(Na2so4)alldeMporatiolloftheao~thereJidoewas chJnmto~alsilicagel(BtoAc- 

hexaae 1:3) to give2+kdd+tieosy~be~~ro~l~~-~ (3.868,96%) as a 

coloudeJs spp; NMR (27OhiHz, CDCQ b 7.39-7.30(5H, m), 4.59(2H, AFSq, J-12.1Hz), 4.84(1H, dd, J-1.6,SdHz). 4.52(1H, d, 

J-ll.OHz), 4.5O(lH, dt, J-1.6, SIX-h), 4.4S(lH, d, J-ll.OHz), 4.45(1H, cl, J-5.6Hz). 3.11(3H, s), 1.51(3H, s), 1.31(3H, s); MS ti 

398&@-U), 371,275,242,98. To a solution of the mcaylate (569.lmg, 1.38mmol) in a mixMe of MaoH and wata (2: 1,12ml) 

wasaddedDowex~~(2.03g)atSOOCandthmthe~~wasstinedovemighL~fil~~t~,~~~~ 

cxmcultmted.Thcrwultingresiduewas chm&gmphcd an silica gel @oAcihexane 3: 1) to give 10 (409.6mg, 79%) as a cxdodes 

syrup; [ah23 -47.1° (c-1.38, CHCl$; IR (CHCQ 3550, 3450,2125cm~*; NMR (27OIvE& cDc14) 6 7.36-7.27(5H, m), 4.60(2)5 

ABq, J-12.1Hz), 4.59(1H, d, J-11.3Hz). 4.43(1H, br. d, exchanged with 40 into dd, J-4.6.7.6Hz). 4.39(1H, d, J-11.3Hz), 4.18(1H, 

ddd, J-4.4, 5.2, 7.6H.z), 3.97(1H, br. d, excbaugcd with D@ into d, J-4.6Hz), 3.71(lH, dd, J-4.4, 10.6Hz), 3.66(lH, dd, J-5.2, 

10.6Hz), 3.38(1H,br. s,exchangedwith~O), 3.11(3H,s), 269(1H,br. s,exchqcdwith~); MS&331(M+-42), 314.264.242, 

234.AnaLfound:C,44.76;~5.11;N,11.16Calcd.forC,~~~3~:C,45.04,H~.13;N,11.25%. 

2BM*2+-Y+w-b=Yl-w- (11). To a solution of 10 (172.9mg, 0.463mmol) in THP (loml) at 

0°C was added NaN(TMS~ (LOM iu M, 0.55ml, O.SSmmol) and the mixture was stir& ar mom tcqemtw for 1Omh The 

xactimmixtmewaspoudintosat.NH4Cl andcahactedwithethez(x3).Thccombinedextractwaswashcdwithbrioc,dricd 

PJGQI)~ concentrated. The resulting residue was chomatogmphed on silica gel (EtOAdexane 1:2) to give ll(94.lmg. 73%) 

Bs a domh syrup; [a],,23 +13.50 (c-1.14, CHCQ IR (CHCQ 3450,2125,133~-l; NMR (270~ CDCQ 6 7.37-727(5H, 

m), 5.04(lH, d, J-4.8Hz), 4.78(1H, d, J-7.6Hz), 4.62(2H, ABq, J-12.1&), 4.6O(lH, d, E7.6Hz), 4.28(1H, ddd, J-2.8,5.2,7.6Hz), 

4.06(1H, br. q, exchanged with D&I iato dd, J-4.8, 7.6Hz). 3.86(1H, dd, J-2.8, 10.9Hz). 3.75(1H, dc& J-5.2, 10.9Hz); MS ny4 

Um), 249,149,107,92; HRMS. found: 277.1068. Gdcd. for C1c&N304:277.1063. 

2+-A?ido-2-deoxy~llzyl-l-di~~~ropyme~~~ (l2). To a stir& solution of oxaryl &hide 

(7.5ml, 85.8mmol) in QEzcq (46Od) was added a solution ofDhrIs0 (12.2d, 17lmmol) in CH&(32ml) at -6OoC.After 2Omh, a 

solutim of 8 (22.92g,68.34mmol) in C!H$Z& (43ml) was added and stirred at -WC. Atk 50 m& Et#I (47.w 343mmol) was 

addedandthe~wasstinedfor20miathenatOOCfor80miaTotbisnacti~mixhne~sddcdsatNYqCl(100ml)andlN 

HC1(17oml)aadthemixturewaspollredintowater.Ihewaterlayerwaswtractedwithtther(x3)andthecombinedextraawas 

washedwithbriIle,dried(N~4)d coocmtratedmderrcducedpfessne.Thcrcsultingnsiducwaschnrmatogr;lphedmsili~gel 

(EtOAc-hexane 1:3) to give l2 (2198g, 96%) as a oolourless syrup; [a]D= -83.S” (c-1.08, CHC13); JR (q 3300,2150,1750, 
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1500, 1460~~~; NMR (27OMHz, CDCl$6 9.45(lH, (I), 7.40-7.29(5H, m), 4.87(1H, dd, J-1.2, 6.OHz). 4.68(1H, ddd, J-1.2, 5.6, 

6.8Hz), Ic.fX(lH, d, J-5.6Hz), 4.64(2H, AEq, J-12.1Hz), 3.65(2H, m), 1.48(3H, s), 1.28(3H, 8); MS @z318(I&-lS), 305,291,276, 

1~,91;Anal.foond:C,57.43;~5.70;N,1255.Calcd.~C,~,~~:C.57.65,H~.75;N,12.61%. 

l+Azldc+dehydlwl~-l~~~be~l~~ (14). Toastiaingsolutionofl2 

(10.9Og, 3 1.56mmol) and 2-methyl-2-butw (6.7ml, 63mmol) in r-R&H (18Oml) was added a sohhm of NaCQ (8.56g,94.7mmol) 

and NaH2PO4.2H2O (9.85g,63.lmmol) in wata (1lOml) at roam tan-. Afts 2.5 h, sat Nm (3Oml) was added and the 

reJultingmixtunwasstirndf~1OmiaThemixaaewas~intodihrtedHC~~~ andexttactedwithCH.&(x3).Tk 

combhedcxtcactwaswasbedwith brhe,dried(Ne$O4)audevqmted Rawvalafthesolventinvacuogavel+az&h-l- 

dehydr+l+raboxy-ld~xyG,3-@iwpro~be~ l3(11.oOg)wbidlwasuscdd.imulyinthenext 

reactian; IR (CHC13) 3450, 2130, 1740, 145Ocm-I; NMR (270% CDCl$ 6 7.387.27(5H, m), 4.87(1H, dd, J-1.6, 5.6Hz), 

4.68(1H, d, J-5.6Hz). 4.67(lH, dt, J-1.6.6.OHz). 4.59(2H, m), 3.66(2H, m), 1.50(3H, s). 1.32(3H, s); M&#z276(?&-15), 262,219. 

To the stirring solution of the above carboxylic acid l3 (ll.OOg) ia THP (25Oml) were added R$N (13.2ml, 94.7ml) and C!lCO$t 

(4.5ml.47.3mmol).Aftes1omin.MI3gaswasintroducedinto~reaction~~ovez5min~themixhlnwasstitndatroom 

kII,~fOr3OmiaAfterbeingconantratcd to lpvol~tbemixturewaspourcdintowataaodexbladadwith~(x3). 

Thcumlbinc!4icxtmctwaswashedwittlbrhe,&ied(Nqso4)and coocmhated&reduccdpresun.chromatographyofthe 

residue on silica gel (EtOA~hcxanc 3:l) gave 14 (7.878,72% hm 12) as white needles, m.p. 103-104oC, [~]~~-105.7~ (c-1.16, 

CHCIZ); IR (UK!13 3520, 3480, 3400, 2110, 1705, 1575cnr’; NMR (27OMHz, CDCl3) 6 7.41-727(5H, m), 6.65(1H, lx. s), 

5.79(1H, br. s), 4.77(1H, dd, J-1.2. S&Hz), 4.69(1H, d, J-5.6Hz). 4.60(2H, s), 4.58(1H, dt, J-1.2, 6.SHz), 3.64(2&i, dABq, J-6.5, 

lO.lHz), 1.48(3H, s), 1.31(3H. 8); MS I& 333@¶+-15), 304, 276, 177. 91; Anal. found: C, 54.91; H, 5.62 N, 15.92 Calcd. for 

C,&12&,05: C, 55.17; H, 5.79; N, 16.08%. 

l-Amino-l-eubunoyl-ldeh~ld~~-~~~~~e~~~~~ (15). 

Reduction of 14 by using ZIX To a stiuing solution of 14 (0.85g, 2.44mmol) in a mixture of THP (17ml) and MeOH (34ml) were 

added NH&l (0.81g, 15.lmmol) and Zu powder (0.46g. 7.03mmol) at mom tempemture. After lh, ctha (1OCml) was added and the 

mixMewasstinedfor3omiaAfta~trationofthereaction~~tbtoughc+lite,tbefiltratewas corce&atedundermduced 

presure aad the residue was cluomatogmphed on silica gel (EtOAc-hexanz. 10: 1) to give IS (572.Omg.72%) as a colourkss syrup 

(the ratio of the anomem is 21); the one anomcr NMR (27OhG-Iz, CDCl3) 6 7.64-7.27(m), 6.69@r. s), 55O(br. s), 4.57(ABq, 

J-11.4Hz), 4.55(d, J-S.OHz), 4.81(dd,J=1.4,5.8Hz), .4.46(dt, J-1.4,5.OHz), 3.68(m).2.34@r. s), 1.48(s). 1.300; the otkanomer 

7.64-7.27(m), 7.2S(br. s), 524(br. s), 4.57(ABq, J-12.1Hz), 4.72(d, J-6.4Hz), 4.77(dd, J-4.0,6.4Hz), 3.72(dd,J-3.5,10.5Hz),3.63(dd, 

J-3.5, lO.SHz), 1.59(s), 1.36(s); the mixhue of the anomexs: MS I& 323(M++l), 307,278,201,91; JR (CHCl3) 3540, 3420, 1700, 

157Ocm‘1. 

Reduction of 14 by whg E+d-C: A mixture of 14 (2.58&7.41mmo1) and Pd-C (5%) (0.52g) in MeOH (25Od) was heated at 

55oC unda hydtogen atmaaphcre (3.Ok@?) for 5h. Aftcz liltration of the. react&~ mixture thnx18h Mite, the filtrate was 

concenttated undes reduced presswe. The residue was homato@phed On Jilica &Z.t (EtOAc-McOH l&l) to give 1S (1.774&75%). 

Themtiooftheancmemis 1:l. 

Reduction of 14 by using NaTeH: To a suspension of Te powder (3.27g, 256mmol) in EtOH (5Oml) under nihugen was added 

N~~(2.33g,61.5mmol)atroQn~~andthe~wasnfhnedfar3omin.Aftnthemixtunwrscoolad,o~lutionof 

14 (3.57g.10.25mol) in a mixture of ethes (4Oml) and EQH (1Oml) wm added dropwise to the resulting solution of NaTeH. Al&r 4h, 

themixturewaSstirredvig-ly~airfOrlh.Piltrationofthemixtlne~~celiteand conccnlrationofthe6hategavethc 

residue, which was chromatogmphed on silica &Zd (JStOAc-McOH lo: 1) to give IS (2.75&83%). ‘lie ratio of the anomers is 1:l. 
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I2Jk3w&sr4-wwy==dwF~~ V4.4ll (16) alId its 

[~3R,1R,SI&&omer (17). To a solution of 15 (224.6mg,, 0.697nnnol) in batzenc (12ml) vms added a&any1 diimhzole (0.34g, 

2.o9mmol)andstirndat7o~cfor5~~Aftacoobd,the~~~~~wcupourediato~aodexrmaed~~Ac(x3).The 

cotn~e.xtmctwaswashedwith~dried(Na2So4)aadconccatrated. chma@mphyofthensidneonsllicagel(Eto~ 

hexanc 1:2) gave 16 (73.6mg. 30%) as a white solid and 17 (61.7mg, 25%) aa a churlam syrup. Data of16: [a@3 -34.4O (c-0.89. 

CH@H); IR (U-K@ 3500,1795,1740,1120,1O8Ocm? NMFt (27OMHq CDCQb 7.55(1H, br. s), 7.5@7.26(5H, m), 6.2S(lH, br. 

s), 4.8O(lH, d, J-6.OHz), 4.77(lH, d, J-6.OHz), 4.5805 ABq, J-11.3Hz), 4.58(1& t, J-1.6Hz). 3.76(1H, dd, J-1.6, 10.5Hz). 

3.6o(ll-I, dd, J-1.6, 10.5Hz). 1.61(3H, s), 1.31(3y s); MS 1@333@4+), 242, 199, 149, 126,92, HRMS. but& 348.1319. Calcd for 

Cl+12&06z 348.1321. Data of 17: [a@-50.1’ (c-0.91, CHCQ; IR (CHC13) 3350,1790,1750,138h-1; NMR (27OMHz, 

CJlC9 b 8.02(1H, br. s). 7.35-7.27(5H, m), 6.05(lH, br. s), 4.81-4.75(2H, m), 4.58(2H, s), 4.4O(lH, dt, J-1.6, 6.4Hz), 3.65(2I-i, 

dABq, J-6.4,10.4Hz), 1.57(3H, s), 1.36(3H, s); MSnyk348(b@), 333,290,257,242,149,91; HRMS. fouadz 348.1312. G&d for 

Cl&$& 348.1321. 

FIydawhfolmation bym-witngreacthd14. 

TEIF sa a s&antz To a sthhg sohhm of 14 (505.8mg, 1.45-l) in THP (2Oml) was added - (0.32ml, lhnmol) and then 

Cqgaswasbubbled ova 1Ominatrocmtwnpaatun. Atbrbeiaghedfor~thereac&nltIIixtwwescolrepltntcdaluithe 

R?sidue.waschrcmatographc4iollongcl(B#IAc-hwane 1:l) to give 16 (179.lmg. 35%) and &amb~-l+ym~~+l+hydrwl- 

deosy-~ropyIidru&!-O-bnz&Zhi~ 19 (1442mg. 33%) as a colwrlcss syrup; [a]$3 +205.6’ (c-1.26, 

CHC9; lR (CHCQ 3400,1450,1370,127Oan-1; NMR (27OMHq CDC@ 67.41-7.27(5H, m), 4.78(1H, dd, J-1.2,5.8Hz), 4.56(2X=& 

s), 4.45(lH, d, J-5.8Hz), 4.44(1H, m), 3.63(1H, dd, J-3.2, 10.5Hz), 3.58(1H, dd, J-3.2, 10,5Hz), 1.65(3H, s), 1.35(3H, s); MS I& 

304(M+), 276@l+-26, CN), 262,220,171,127,91; HRMS. found: 304.1429 Calcd for C&I&04: 304.1423. 

Dioxane as a solventz Treafment of14 (48O.lmg. 1.38mmol) in dioxane (3Oml) with PBu3 (0.38ml, 1.52mmol) and qiu the same 

manuer as described above gave 16 (lM.Smg, 26%) and 19 (95.7mg. 20%). 

CE&haS#lSOk& ‘hatmcnt of 14 (371.Omg, 1.06mmol) in CH2Cl, (Bnl) with PBuj (0.298ml, 1.17mmol) and Co, in the 

same txwma as dex&ed above gave 16 @X?.Omg, 54%) rmd 19 (90.9mg. 28%). 

ae asasolveh TnMmfznt of14 (555.5mg, 1.1.59mmol) in benzene (37ml) with PFJu3 (0.44ml. 1.75-l) and cq in the. 

same mannex as dcsaibed above gave 16 (145.lmg, 26%) and 19 (202.8mg, 42%). 

CE&Nasasolve&T rearment of14 (434.8mg, 125mmol) in CH$N (28ml) with pBu3 (0.34ml, 1.37mmol) and CO+ the same 

manna as desxibed above gave. 16 (297.6mg. 68%) aad 19 (15.9mg. 4.2%). 

PPbgas a phosphine: T teahncnt of 14 (498.6mg, 1.43mmol) in CH3CN (3Oml) with pph3 (413ml, 1.57mmol) and C02in the same 

manncx as clescriw above gavel6 (129.2mg. 26%) and 19 (32.lmg, 7.4%). 

[2~3S,~~s~~~~~-l~~~~p~[44]~-7~~ 02) aud [2R,3S&5Rkhmer (WY 

To a solution of 14 ( 4.108.11.8mm01) ia a mixture of McOH (8Oml) and IEp (8oml) wns added Dowex 5OW(H+) (7.908) and the 

mixturewasstinedat5oocfor2h.After~~ofthe~~thtoughcelite,the~tratewas concmtratedtogiveamixtmeof22 

and 23 (3.46g, 95%) in a ratio of 85:15 @2:23) (HPLC analysis) Compoti 22 and 23 were. partly separated by silica gel 

&romatography (EttXc). Data of 22: m-p. 135-1369c, [ub 25 +13.7O (c-0.99, CI-+oH); IR ( cHCl+ 3300, 1795, 1730, 1120, 

109Ocm-1; NMR (27OMHq CD30D) 6 7.37-725(5H, m), 4.56(2H, ABq, J-12.1Hz), 4.31(lH, d< J-2.0, 4.OHz). 4.27(1H, d, 

J-6.OHz), 4.05(1H, dd, J-2.0,6.OHz), 3.57(2H, d, J-4.OI-b); MS~308(M+), 279,265.199,167,91; HRMS. founk 308.1010 Calcd 

for C14H&O~ 308.1008. Data of23: IR ( CHCQ SSCO, 3040,1785,1740,1195a~t; NMR (27OMHz, CD$)D) 6 7.4-7.2(5H, 
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m), 4.57(2H, ABq, J-11.7Hz), 4.28(1H, d, J-4.8I-Iz). 4.21(1H, dd, J-3.3,4.8Hz),4.16(lH, dd, J-3.3,4.8Hz), 3.60(2I-I, d, J-4.8Hz); 

MSny!z308(M+).230,202,129.91;HFu!4S.found: 308.1c02.Celcdfcq&N& 308.1008. 

wG3w&s wNwl*=em ~4a]wnens-7,9dlons (24). To e solution 

of 14 (76.84g, 220.6mmol) in CI-QCN (1.51) et mom tuqaemm wes eddcd PBuj (56.6ml), 227-l). A& 5 min, co, ges wes 

~intothe~mixtllnover75minaadthmstirredfor5h.TothismtrhuewercaddedAqo(31.~331mmol), 

pyridb~ (26.7ml, 330mmol) end 4-N,aylemiUopyIidkE (2.158, 17.6mmo1) end tbc mixture wes stiu’cd for 2& Afta 

~oflhesolven~thensiduewaspaaitiooedbetw&nEaOAcandwateThewatahyerwasu~~~~~(x2)and 

tbe~b~extractwsswashedwithdilutedHcI,wataandbrineandthendried~~~. Eveporetionofthcsolv~teud 

chmmetogmphy ofthcresidue asilicegd @boAohaane 1:l) gevc t4 (100.89g, 90%) es e Col~lcss Syrup; [U]~~-2.70 (C-1.31, 

WI-l); lR ( CI-ICld 3420, 1810, 1760, 1720, 1450, 137Ocm-I; NMR (27OMH& CD@D) 6 S.O(lH, br. s), 7.38-7.27(5I-I, m), 

5.3O(lI-I, d, J-6.8Hz), 4.84(1H, dd, J-4.0.6.8Hz), 4.69(1H, dt, J-4.0,6.4Hz), 4,58(2H, AElq, 12.1Hz), 3.69(2I-I, d, J-6.4Hz). 2.53(3H, 

s), 1.58(3H, s). 1.31(3I-I, s); MSn&39O(M+), 375,332,241, 149,91; HRMS. found: 390.1427. Cekd. for C&$Vfi: 390.1427. 

c2& 3I24~5sl~~tl~~~~~[4~ II-*7,9dlone (25). To e solution of 

24 (15.488, 39.65-l) in a mixtute of MeOH (2COml) end wetcr (lOOmI) at 60°C wes eddcd Dowcx 5OW(I-I+) (2O.Og) cud tbc 

mixturcwesstirrcdforlOmitLAftcxf&etionthtuughCclitc,thefiltmtcwes concen~lmdcrmd~pnssure.ThereJiduewes 

ay&&ed 6rom MeOH to give 25 (12.768,92%) es white needles; m.p. 171-172oC, [a]D23 -17.3O (c-1.02, CH@H); IR (Nujol) 

3300, 3200-2600, 1800, 1730, 1690, 1150cor1; NMR (27OMHz, CQOD) b 7.36-7.23(5I-I, m), 5.03(lH, d, J-6.8Hz). 4.55(2H, s), 

4.42(1H, ddd, J-3.6,5.2,6.8Hz), 4.14(lH, dd, J-3.6,6.8Hz), 3.71(1H, dd, J-6.8, 10.9Hz), 3.69(1H, &J, J-5.2, 10.9Hz). 2.51(3H, 6); 

MS@35O(M+), 244,184,170,142,129,91; HRMS. found: 350.1106Celcd. forC1&IlsN2q:350.1114. 

Dcecetylation of 15 with hydrezlnc monohydretc. To e solution of 25 ( 42.258, 120.6mmol) in MeOH (5COml) at room 

tempemturc wes edded hydrezinc monohydrete (6.4ml, 133mmol). After lh , the mixture. was COllCUl~tteddthensiduewaS 

dmmatogmphed on silica gel (EtOAc-hexene 5:l) to give 22 (35690.96%). The spcc@cscopic dete were. identical witb thet of the 

hydrolysis of 14. 

[2~3S,4125~3~~~~~-2~~~l-l~~~~p~[4~]-~-7~~ (1). A mixture of 22 (12.988, 

42.1Ommol) end Pd-C(lO%) (1.02g) in MeOH (3OOml) wes hcetcd et 55°C under hydrogen etmosplurc (3.5k@& for 15h. After 

6ltretionofthcmixmtctbnnlghCeJi~thefiltretewes OJtlCUlIE+tdUdXdUdpressun,dthereSidueWaSchmmatographedOll 

Dision CHP 20P (wet@ to give l(8.56g. 931)es colourlcss e, m.p. 188-189’C; [aID +29.0’ (c-0.62, H20); IR &El) 3700- 

2800, 1780, 172Oc&; NMR (4OOMH.2, w)64.21(1H, d, J-5.8Hz). 4.15(1I-I, ddd, J-3.4,3.9,4.9%), 4.03(1H, dd, J-3.9,5.8I-Iz), 

3.59(1I-I, dd, J-3.4, 12.7Nz), 3.49(1H, dd, J-4.9, 12.7); MS m/z 219M++l), 187, 171, 141, 129, 116, 100, 86, 73; Anal. found: C, 

33.44; I-I, 4.52; N, 12.76. Celcd. forC+&O~ C, 38.53; H, 4.58; N, 12.84%. 
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