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Abstracti The Spiro-hydantoin ring at the anomeric position of D-snd L-furanose was const~cted by mh 

al&l addition followed by acid promoted cyclization and the synthesi of the&dsomem of (+)-hydantocidin, 
L- and D-series of Spiro-d 2,3,4 and 5. 

The herbicidal natud pduct, (+)-hydantocidin 11, has unique st~ctud features, that is, a sphu-hydantoin 

ring at the anomeric position of D-~%~furanc&. The hetemcyclk moiety, conespolding to the bssic moiety of 

nuckoside antibiotics, is located in the lateral ditwtion of the ribofuranw ring. This type of structure has never 

been found in the fiild of nucleoside antibiotics? Hydantocidh has four contiguous asymmetric carbons 

affording sixteen stewoisomers. l&se structumJ featme amused our interest in the lecognition of the molecule 

at the active site of herbicidd action in the plant Therefore, we planned to prepare the ste~~isome~~ to 
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elucidate the herbicidal stru&vity-nlatioaship. In this paper, we describe the synthesis of the eight 

stereoisomers, L- and D-series ofsp&fumnose derivatives 2,3,4 and 5 (FlgRre 1). 

In the pmceding papefi, we reported an aldol Q method for the total synthesis of 1, 

which method ie~nired oxidation of the spho-dihydtofurane systemes. In order to develop a mom dimct 

approach toward the spin+U we employed the successive aldol addition-cyclization method (Figure 2): 

The aldol additioti of a highly substituted enolate A with an aldehyde B will afford an intern&am C in which 

thenewchitalcentetsatC-landC-2areintrodacsd.The~~Cistobecyclizedintoaspiro-isomerwhich 

canthenbe&protectedtoadesiredprodactD.Inthisssquence~stetr?ochemistryatC-4iacyclicgystemDis 

refrected the C-2 stereochemistry in acyclic systemC 
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Figure 2 

1 
Bn: benzyl 

PMB: p-methoxyberuyl 

TBS: tbutyldimethylsiiyi 

The synthesis was initiated by preparing the substituted hydantoin 7. The bromination of I-N-tert- 

butyldinaethylsilyl-3N-(4-methoxybenyl)hy~~ with N-bromcsuccinimide followed by the substitution of 

the resulting bmmo group with methanol in situ aiTo&d 7 in 65% yield 

In following parts, we mainly described the L-se&x of isomers starting from the aldehyde I.+-@, while the 

same series of reaction sequences were performed in the ~-series. The lithium enolate of the hydantoin, 

prepared by acting lithium bis(trimethylsilyl)amide in THP at -6O’T, was treated with Mat -6OT for lOmitt, 

and -20°C for 2h (Scheme 1). The adducts were obtained in 83% yield containing four diastemomers which 

exhibited two spots on analytical TLC wO.38 and 0.29, ethyl acetate-hexane 15). Since it was difficult to 

separate chromatographically the two isomers in each spots, we tried to isolate each isomer through 

derivatization The pair of N-methoxycarbonylated products, @a and 9b) and @c and 9d), from each spot were 

easily separated by chromatography, affording 9a, 9b and !k But 9d was not isolated because of the small 

quantity. The hydrolysis (aq.K&O@eOH, r.t) of their methoxycarbonyl groups recovered the pum 8a_8e, 

respectively. The miner isomer 86 was obtained by the epinxkation (NaOMejMeOH, 6O‘C) of 8d and they 

ate easily separated each other. 

In order to elucidate the relative stereochemistry between C-l and C-2, &cl were converted to the tricyclic 

compounds 1Oa-d by desilylation followed by carbonylation, independently. The NOE in 1H-NMB was 
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observed between the C-l methoxy gmup and the C-2 proton in 10~ and 104 indicating a &m4ationahip 

betweenthetwogmupa.Therefore,itwas 
. 

co&medthat&andt&exhibita~ and8cmd8d 

exhibits syn-atemcchemiatry at the C-l and C-2 position. At this stage, it was d.Beult to elucidate the 

stereocllemiatry at c-2 and c-3 in the acyclic ayatem we themfore tried to inv&gate the cyclixation condition 

of each isomer. 

L 6~” 9d 

own 8b 

OBn 
10b 

Scheme 1 

The transketalixation condition7 @TsOH$O, ethylene glycol, dichloroethane, 60°C) was employed to 

remove the isopropylidene group in gad. Under the same conditions, the expected cyclixation occurred 

spontaneously. It turned out that both 8a and ?k were transformed into the same pair of two cyclixed isomers 

lla and 12a (CL 5: l), and 8b and 8d ttanafomred into the pair, 13a and 14a (ca. 3: l), respectively. These ratios 

were found to be attributed to the stercochemiatry at the anomeric position baaed on the analysis of tH-NMR 

and other spectral data. X-ray ditfraction analysis was performed in D-series of lla (Figure 3). The result 

indicated the crk-mlationahip between the aubatituentx at C-3 and C-4, ~~WZS-telationshi~ between the hydroxy 

group at C-3 and the carbonyl group at C-5 in lla, and cis for the fomer and cis for the later in l2a. On the 

other hand, the other pair of 13a and 14a were found to have a trans-mlat.ion&ip between the aubatituenta at C- 

3 and C-4. The mmaining problem of atereochemiutry at C-5 in 13a and 14a was resolved by converting 13a to 
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a tricyclic derivative 158 by &&nent of phosgene. It is obvious that 13a has a c&dationship between the 

hydmxy gmup at C-3 and N&group at C-5. In this manner, the struclme of the cyclic isomers lla-14n WCIE 

detcmliludasshowninsche~2. 
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Figure 3 

PerspecUve view of D-l la In the crystallographic analysis. 

We then tamed o& attention back to the acyclic derivatives 8ed. The C~S-Aatiomhip at C-3 and C-4 

substituents in cyclic isomer lla and lZa comspo& to the 2,3an&dationship in acyclic systems ?3a and &. 

On the other hand, 8b and &1 has a ~3syr~dationship on the basis of the stenochemistry of 13a and 14~. 

Since the four aldol-adducts (Irr-d were identified we then focused on the stereosel~vity of the aldol-addition. 
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The ratio of isometu @&bS&d) was estimated to be 226 18: 1 by the intensity of 27OMHx tH-NMR signals 

utilizing the differences in chemical shift of C-l methoxy groups. This msult indicates that the 2&tmf& 

selectivity was pmdomkn to the 2,3-sy~lectivity in the r&o of 5.7:1, which could be explained by the 

Fklkin-Ahu’s model8 preferring the transition state E (F’@re 4). On the ather hand, the 1,29tenoeelectivity 

was found to be low (unti:syx= 1.5: 1) because of similar degme of non-bonded interaction of the substituetus in 

eachtmnsitionstateGandH. 

2,Santl 2,3-syn 1 ,2-syn 1,2-anti 

Figure 4 

Interestingly, the migration of the N-silyl group to the resulting hydtoxy group during the aldoLaddition to 

give the C-2 silyloxy adducts. This process would prevent the retro-aldol reaction Fkthermore, the silyloxy 

group, which was bullcy substituent, would play an impottant role in the distribution of spire-isomers by 

restricting the conformation of the transition state during the cyclimtion process. 

After characterixing all the stereoisomerq we next cyclired the mixtum of aldol-adducts dimctly under the 

acidic conditions. The products ratio (lla:13atl2a+Ua) was analyzed by HPLL! to be 74:ll:lS. The major 

isomer lla was easily isolated in 5 1% yield after ctystallixation. 

Now that the four cyclixed stereoisomers were in hand, a sequence of deprotection was carried out, 

independently (Scheme 2). The desilylation at C-3 was performed with tetra-n-butylammonium fluoride, and 

then the resulting dlols llb-14b wete treated with celic ammonium nitrate (CAN)s to provide the de-h+ 

methoxybcnxyl) derivatives llc-14~. Finally, the Obenxyl group was hydrogenated in the presence of W-C to 

afford ~-series of 2,3,4 and 5, respectively. Similarly, we carried out a series of reactions started from the D- 

threose derivative D-6, and completed the synthesis of D-2, D-3, D4 and D-5, which are enantiomers of the 

corresponding lAsomers. 

In conclusion, we developed the general method for constructing the Spiro-hydantoin ring at the anomeric 

position of furanose derivativesemploying the aldol additioncyclixation method. It can be applied to the 

synthesis of (+)-hydantocidin itself and other stereoisomers and the results will be repotted elsewhere. 
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AlltIt8bg~WaC~OUIlYOMCCmiaotUCklOgpOiUt~lodWC.B- QHUMR spectra wae 

recmdcdon JOELGX-400,JOBL GX-27OandVathEM36OAapebnrmears. J&redqectraweremundedonrJascoA-102 

~pectnmeter..~a~sspectra-recadedonaJOBLJMSD300~..Oprical~wae~aJ~llscoDIP-360 

polsrimetcz Mack -60 Art. 9385 wss used for Siicokmm &mma~@~y. 

C~UW Data of (D-lla): C$38Nzo?si, M~542.7, o&&ombic, P2t2t2t, n-22.314(4), b-11.439(2)), c-11.728(2)& 

U-2993.6,&3,2-4, Dcl.2lgm3, j@lru-1.5418&-llc&, F(OOO)-1160, T-297K, Intensity data wme obtainsd on a Rig&u 

AFC-5R d&icWmete~’ with staphite-mooocbromatized cuka mdia&~ using the 828 scan WhUiqW (ze<l280). AOWQ3 2828 

indepmdmtreasctiotr~mursund,l4wae~asobservedonthcbadsoftbt~Fo~~F~~Au~~ 

cmtcted for Lorents and pokuization efkus but not for absorptia~ Srmctute was solved by MULTANIi4lO and re&ed by block 

dia~~~t-squensmetbods.positionaofthe~~~~atomsW~estimaud~Sesndatd~~.Thefinal~~~ 

anisottopictempsmtorefactcasforthenon-hydrogenatomssndisotqicteqeWmc UorsforthehydnqtmatomslowaedRvalue 

to 0.099(I&O.O74, ~cl/u~Fo)). Fradional atomic m tables of boad lengths and angles and isotropic tbumal pamtuctem 

have been deposited witb the Cambridge crystallogrclphic Data centn. 

l-i-B11tykUmeQb@+S-methoxy-3-(4-mstkoxybea@)~antoin (7). A mixture of labutyklimethylsilyl-3-(4-methoxybetuyl). 

hydantoin (9.50&28.4mmol) andKbtcm~ (5.20& 29.2mmol) in CQ, (lm) was rcmaed for lh. Aiia cooling in au 

icebath,mdhaaol((4oml)aadBtjN(3.16&43.onnnOl)wcnaddsdtotbereaction~~,andthesolutiopl~stiaadatooCf~lh. 

Ihemixhlrewksdilutedwith~andthe~~layerwaJweshedwithwater,driad(Na2soq)and cuEm&&dundaredWcd 

presUre. The EsidU? WBS &tWUIto@@ed On silics se, (&GAc-hexatte 1:3) and distilled by I(ngelrohr sppatatUs (1750c, 1mmHg) 

to give7 (8.83&85%) as an c&u&s oil; IR (0 1780,1715,1615,118Oan-‘; NMR (6OMHz, CDCI) 6 7.34(2&d, J-9Hz), 

6.83(2H, d, J-9I-i~). 4.87(1)5 s), 4.54(2H, s), 3.74(3I-I, s), 3.31(3I-i, s), 096(9H, s), 0.29(6& 8); MS I& 3640, 307, 121; Anal. 

found: C, 59.19; I-I, 7.78; N, 7.63. C&d. for C,&&C@ C, 59.31; H ,7.74; N, 7.68%. 

Alddaddutrond(7) and4-@betlzyl-~lscpropylid~uKecae(L-6). 

[5~1’~2’~3’sl-~l’-cBu~~~~-Z’~~~~~~~~’~)~~~~~~~ 

benayl)hydantoin (8a), [SS,l ‘S,2’R,J’Sj-b1omer (8b), ~S,lW,2’l&3’~isomer (8c) and [5R,l’S,2’R,3’sl_isamer &I). To a stirring 

soluticm of7 (11.948. 32.75mmol) at -78°C in TEE (400ml) wem added LiN(TMSh (l.OM in TEE’, 36.5ml, 36.5mmol) and afta 

3Omi4 a solution of M (8.12&32.4mmol) ia THF (8ml). After bein stbred at -2PC for 70mit1, the tea&ion mixtme was pcut’ed 

intosat_NH4Cl andwmactedwithe~(x3).ThecarnbinedcxtractwaJwashadwithbrine,dded~~~and~~nnder 

reduced pressme. The residue indicated two spots on m TLC plate m-O.38 and 0.29, EQAc-&aue 1:5), which wcrc 

separated by silica gd clmmatography (Elf3Aohcxanc 15) to give the upper fmction (8.11g, 41% containing 8a and Sb) and the 

lower fraction (7.03&35% containing 8c and8d) as a colourkss Syrup. Since the pure. each isomer was not isolated at this stage, the 

followingd&&Za+iionwaScanied~ttoscparate+heeachiso~. 
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give90 (0.93g, 69%) as a colourkss syrup atd9b (0.24s. 18%) as a colotuless syrup. Data&& [a]$7+27.0” (c-1.35, CHCQ; IR 

(CHCQ 3950, 1825, 1810, 1750, la 1520, 147oCmt; NMI (27OMH2, CDCl$ 8 7.367.27(7H, m), 6.76(2&I, d, J-8.8Hz), 

4.68(1H, d, J-10.3Hz). 4.6805 s), 4.51(2H, ABq, 12.1Hz), 4.09(1H, dt, J-1.8, 10.3Hz). 3.24(1I& dd, J-7.3, 10.3Hz), 3.16(3H, s), 

1.22(3H, s), l.O6(3H, s), 0.89@H, s). O.l8(3H, s), O.o7(3H, s); MS w 657(M+-15). 615,557,453, 395,363,22l, 121.91; Anal. 

found: C,60.50,H,7.28,N,4.17.Calal.faC&@~t@ C,60.69,H,7.19;N,4.16%. Dataof% [c@-26.2°(c-1.25, 

CH9; IR (CH9 1820,1805, 1750.1615, 1590,1515c~~; NMR (27OMH2, CLICQ 6 7.40-7.27(7H, m), 6.28(2H, d, J-8.8Hz). 

4.71(1H, d, E2.2Hz). 4.56(2H, AEQ, J-123Hz). 4.34(1H, dt, J-7.7,5.3Hz), 3.83(1H, dd, J-2.2,7.7Hz), 3.80(3H, s), 3.77(3H, s), 

3.58(1H, dd, J-5.3,9.7Hz), 3.07(3H, s), 1.24(3H, s), l.l3(3H, s), 0.95(9H, s), O.l6(3H, s). O.O7(3H, s); MS nyW57(M+-15), 615,583, 

453,412,395,363.221,121,91; Anal. found: C, 60.89; H, 7.31; N, 4.13. C&d. forQ4H4&Ol~iz C, 60.69; H ,7.19; N ,4.16%. 

[SR,I’R,2’&3’S+~l’+Bu ~~~-2’s’oboprowLtdenedbrr 

hen@)-l-Wmethoqwuk@@ ant&~ (9c). A mixture of SC ad Sd (2.03g, 3.03mmol) was metboxycarbonylated by tk same 

maaw as desaibed above to affonik (1.43g.64%) as a c&n&s synrp; [abz-19.7’ (c-1.47, CHCl$; IR (CHCl$ 1824$1800, 

1745,1610,1590,151C&m‘1; NMR (27OMHz, CD9 8 7.40-7.25(7H, m), 6.82(2H, d, J-8.8Hz). 4.754.74(1H, m), 4.63(2H, ABq, 

J-12.1Hz), 4.31-4.29(2H, m), 3.90(3H, s), 3.81-3.78(1H, m), 3.78(3H, s), 3.58-3.52(1H, m), 2.98(3H, s), 1.37(3H, s), 1.34(3H, s), 

0.78(9H, s), O.l3(3H, s), -O..o2(3H, s); MS n&672+f+), 657,615,557,453,394,221, 121,91; Anal. found C, 60.43; H, 7.31; N, 

4.18. C&d. for C$4&0,t,Si: C, 60.69, H ,7.19; N, 4.16%. 

Convex&n of @a-c) to (88-c). 

From 99: To a solution of9a (O&g, 0.86mmol) in MeOH (2Oml) was added q. w (0.5M, 4.Oml, 2.Ommol) at r.~. Atiez tOmin, 

thereaction~~was~intosa~~Clandextradsdwithethr(x3).‘Ihecombinedu~was~wim~and 

brine, dried (N@O,, and amcentratedundezrrduadphessure.Theresiducwaschnnnatographedonsilicagel~~1:3) 

to give 8a (472.3mg. 78%) as a coloudess syrup and & (llOmg, 18%) as a colourless syrup. Data of 81: [a]$6-82.0° (c-1.19, 

CHCQ; IR (CHCl$ 3400, 1785, 1734 1610, 1510, 144Cwr1; NMR (27OMH2, CDCQ 6 7.35-7.28(7H, m), 6.8O(lH. br, s), 

6.28(2H, d, J-8.8Hz), 4.58(2H, s), 4.56(2H, ABq, J-14.3Hz). 4.49(1H, ddd, J-4.6, 5.9, 8.8Hz), 4.28(1H, s), 4.14(1H, d, J-8.8Hz), 

3.77(3H,s), 3.64(1H,dd, J-4.6,1O.lHz), 3.56(1H,dd, J-5.9,1O.lHz),3.02(3E&s). 1.40(3I-& S), 1.34(3H,s),O.79(9~~), O.O2(3H, s), 

-O.l0(3H, s); MS I& 557@+-57), 449,211,121.91; Anal. foundz C, 62.29 H, 7.59; N, 4.60. C&d. for C&&O& C, 62.52; 

H, 7.54; N ,4.56%. Data of 8cz [a]D26.5 +21.8’ (c-1.58, CHCl& IR (CHCIS) 3450,179O. 1730,1615cnr1; NMR (27OMHz, CDCQ 

6 7.36-7.29(7H, m), 6.81(2H, d, J-8.8Hz), 559(1H, br.s), 4.614.49(4H, m), 4.21(1H, ddd, J-2.6,6.6,6.8Hz), 4.07(lH, d, J-8.4Hz), 

3.77(3H, s), 3.59(1H, dd, J-6.8, 10.3Hz), 3.49(1H, dd, J-6.6,8.4Hz), 3.43(1H, dd, J-6.8,10.3Hz), 3.06(3H, s), 1.24(3H, s), 1.18(3H, 

s), 0.89(9H, s), O.O7(6H, s); MS* 599(M+-15). 55;, 525,449.337,211, 121.91; Anal. found: C, 62.43 H, 7.31; N, 4.52. C&d. 

forC&&J~i: C, 62.52; H, 7.54; N, 4.56%. 

From 9b: The same hydrolysis prowdue as described above was carried aut for 9b (5OOmg. 0.743mmol) to give 8b (4OOmg, 80%) 

as a wlourles syrup; [a]Dx +43.0° (c-0.93, CHCl$; IR (CHCQ 3400, 1785. 1725, 1610~~~; NMR (270% CDCQ 13 7.37- 

7.29(% m), 6.82(2H, 4 J-8.8Hz), 6.37(1H, br. s), 4.60(2H, AEJq, J-12.7Hz), 4.54(2H, ABq, 12.9Hz). 4.21(lH, dd, J-1.5,8.8Hz), 

4.17(1H, ddd, J-4.4,5.4,8.8Hz), 4.08(1H, 4 J-1X-I& 3.78(3H, s). 3.58(1H, dd, 5.4,9.8Hz), 3.47(1H, dd, J-4.4,9.8Hz), 3.01(3H, s), 

1.42(3H, s), 1.37(3H, s), 0.84(9H, s), O.O4(3H, s), -O.O9(3H, s); MS t$z 599&f+-15), 557,525,499, 211, 121,91; Anal. found: C. 

62.44 H, 7.35; N, 4.58. Calcd. for C&H4t#~k C, 62.52; H, 7.54, N, 4.56%. 

From 9f: The same pro&we as described above was carried out for 9c (81Omg, 1.2Ommol) to give& (65Omg, 88%) and 8a (9Omg, 

12%). 
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Ew of (8b) to @I). To a stkring sob#ia~ of 8b (135.8mg. 0.22lmmol) in MeoH (2.6ml) was added 4. KzCq (034, 

O.~O.3mmol)at6ooC.Afta8h,~necrion~wrrspornediotosat~~~~with~~).Thecopnbimd 

CXlldWs?lWS3hCdWithW2ltCtE3l3dbdne,dtiCd(NS#O~Stld- lmdanduced~ThetesidneWasdllwM~ 

an silica gel (EtMc-IKZJW k3) to give 8d (59. lmg, 44%) 8s a colmzless syntp and 8b (51.4mg. 38%). D&a d M [c&,27 -8.P 

(c-0.89, CHCQ; IR (CHCQ 3450, 1785, 1715. MlOc& NMR (27OblHq CDCl$6 7.367.25(7H, m), 6.74(2H, d, J-8.8Hx), 

XXl(lH, br. s), 4.54(2y s), 4.49(2& ABq, J-12.2Hx), 4.14(1H, 4 J-8.3,5.4Hz), 4.Ol(lB, d, J-l&Ix), 3.71(3& s), 3.54(1H, dd, 

J-1.6,8.3Hx), 3.48(1H, dd, J-5.4,9.8Hx). 3.34(1H, dd, J-5.4.9.8Hz). 3.07(3H, s), 1.27(3H, s), 0.98(3H, s), 0.85(9H, s), O.Ol(BI, s),; 

MS& 6lS(M++l), 599,557,525.211,121,91; HRMS. fonndz 599.2770. C&d forcj$+N#i (M-15, b&$:599.2772. 

Convemion of (8a-a) to (1Oa-d). 

[4R,5R,l ‘R,2’RJ4(3-i&n@oxy-l’,2’~ ~)~+metbow-7-~(~thox+w9-~7~-3-o~ 

~.3.O]octaw2,6,8-t.rbme(lOx), [49,5S,J’R,2’S+&aner (lob), ~5&J’R,t’SJ-ba11er (10~) and [4S,S~l’R,2’Sj&o111tr (MM). 

From 8r To a &ring solotion of 8a (360lUg, 0.585mmol) in THF (KM) was added n-ByNF (l.OM in THF, OS’Oml, O.9Ommol) at 

ooC.Aftcz4Omin,tbereactionmixtutewaspouredintosat.NH4Cl and&ractedwithethcr(x3).‘Ihecombinedextca&waswashed 

widlwateXandin.ine$dried(N~4)alld concentrated&raducedpressUn.ThereSidoewaJ~~silicag~ 

(BtOAckxane 1:l) to give [5~I’~2’S)3’SJ-Y4’-~~-2’~~~~~~~-1’~)~~~-~(~ 

mttboxyben@)h+ntoin (210.3mg, 72%); [a]~ n-19.2o (c-0.88, CHCl$; IR (CHCld 3320,3260,1785,1720,1610,1510cm1; 

NMR (27OMHx, CDCl+ 6 7.36-7.26(7H, m). 7.29(2H, d, J-8.4Hz), 6.9O(lH, br. s), 6.88(2H, d, J-8.4Hz). 4.59(2H, s). 4.58(2H, ABq, 

J-ll.nrZ), 4.44(1H, ddd, J-4.4, 7.0, 8.1Hx). 4.23(1H, d, J-2.2Hx). 4.19(lH, dd, J-2.2, 7.OHz), 3.76(3H, s), 3.73(1H, dd, J-4.4, 

9.2Hx). 3.55(1H, dd, J-8.1,9.2Hz), 296(3H, s), 2.3(lH, br. s), 1.38(3H, s), 1.38(3H, s); MS r@WI(M+). 485,468,421,221, 121; 

Anal. foundz C, 62.15; H, 6.64, N, 5.48. C&d. for C#&Og: C, 62.39; H ,6.W, N ,5.60%. To B stirring solution of the above 

bydantoin (140.3mg. 0.266mmol) in CH#t, (8ml) wae added B@J (0.5911& 4.2mmol) and COCI, (1.3M in toluene, 2.8ml, 

3.6mmol) at 0°C. After St&n, the reaction mixture was diluted with water and the aqueoos layer was e&ncted with EtOAc (x3). The 

combinedextradwaswashedwithdiLH~wataandbrineanddried(Na2soq).Evaporationof~solv~tandchnmnatographyof 

tbelFsidue~~ 1:3) gave 101 (138.6mg. 94%) as coloudess prisms; m.p. 129.0-129.5oC, [a]D25 +11.7“ (c-0.98, 

WI-I); IR (KBr) 1840,1775,1740,1610,1585cm1; NMR (27OMHz, CDCld 6 7.36-7.27(7H, m), 6.84(2H, d, J-8.8Hz). 4.66(2H, 

s), 4.53(1H, d, J-7.3Hz), 4.42(1H, dc& J-5.9,7.3Hz), 4.31(1H, dt, J-2.9,5.9Hz), 3.79(3H, s), 3.67(1H, dd, J-2.9, 10.6Hz), 3.56(1H, 

dd, J-5.9, 10.6Hz). 3.09(3H, s). 1.49(3H, s), 1.40(3H, s), MS nJz 526(M+), 511,486,405, 163, 121,91; Anal. foondz C, 61.52; H, 

5.63; N, 5.29. G&d. forC#&Og C. 61.59; H, 5.47; N, 5.32%. 

Ekom 8b: Trearment of 8b (leOtug, 0.3lmmol) with n-Bu4NP in the same maoner as described above gave [5S,l ‘S,2’S,3’SJ-5-(4’- 

ae~o~-2’~~~~p~e~~~-l’-~)b~l-~rn~~~~~~o~~~~ (108.2mg. 70%) as B 

colourles syrup; [~]~*~-ll.O’= (c-2.14, CHCY; IR (CHCld 3550,3420,1785,1725,1610,1515c1~~; NMR (27OMHx, CDCQ 6 

7.34-728(7H, m), 6.83(2H, d, I-8.8Hz), 5.84(18, br. s), 4.63(2H, s), 4.57(2H, s), 427(1H, d, J-8.8Hz), 4.19(lH, dt, J-4.4.8.8Hz), 

4.OO(lH, IX. s). 3.77(3H, s), 3.64(1H, dd, J-4.4, 10.3Hz), 3.56(X-I, dd,J-4.4. 10.3Hx), 3.17(3H, s). 1.64(lH, br. s), 1.42(6H, s); MS 

m/55OO(M+), 485,468,279,250,149, 121,91; Anal. found: C, 62.01; H, 6.70 N, 5.34. C&d. for C&&N&: C, 62.39; H ,6.44; 

N, 5.60%. The resolting hydantoin (62. lmg. 0.124mmol) was carbonylated in the same manaer as desxikd in the above cese to give 

lob (55.3mg, 85%) as B colourkss symp; [aID 25 -32.5’ (c-1.46, CI$OB); IR (CHCl$ 1850, 1785, 1740, 161Oaw’; NMR 

(27oMHz, CuCy a 7.37-7.27(7H, m), 6.86(2H, d, I-8.8Hx), 4.65(2H, s), 4.62(2H, s), 4.52(1H, d, J-7.3Hz), 4.45(1H, t, J-7.3Hx), 

4.40(1H, ddd, J-2.9, 5.1, 7.3Hz), 3.80(3H, s), 3.74(1H, dd, J-2.9, lo&Hz), 3.64(1y dd, J-5.1, 10.6Hz). 2.92(3& s), 1.47(3H, s), 

1.41(3H, s); MS qk526@4+). 511,468,405,362,211, 121,91; Aual. foti C, 61.42; H, 5.60; N, 5.15. Calcd. for C27H3&O+ C, 

61.59; H ,5.47; N, 5.32%. 
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Fnmltk Treablwof8c(49Omg,0.8Ommol)witbn-ByNPiatbesame malmez as dewibed above gave [5&Z’&2’S,s,sq-q4’- 

~naskos-2’9”-hydnv)butMkethow~4- eh+@An 011.5m8, 78%) as a 

colourlcss symp; [a]D% +14.70 (c-l.Oq CHCQ; JR (CMCkj) 3400,178O. 1725.1610,151oCm*; NMR (27OMI& CLX& 6 7.37- 

7.27P, m). 6.83(2H, d, J-8.8), 6.12(1H, br. s), 4.64-4.52(4H, m), 4.17(lH, m). 3.84(1H, s), 3.78(3H, s), 3.68(lH, dd, J-4.0, 

10.3Hz). 3.6O(lH, dd, J-5.5, 10.3Hz), 3.34(1Y bc. d), 3.16(3I-I, s), 1.67(1H, br. s), 1.28(3I& s), 1.27(3H, s); MS @5OO(M+), 485, 

468,279,250,149,121,91; Anal. fan& C, 62.57; H, 6.24; N, 5.49. Calcd. for C&m C, 62.39; H, 6.44; N, 5.60%. The 

resulting hydsnto~ (172.4mg. 0.348mmol) wm ca&xmylated in the same rrmom (IsdesaibedintheabmeCaaetagivCl~(166.~g, 

92%) as a colourlcss syxq [al# +32.8’ (c-1.02, CH$H); lR (CHCQ 1845, 1780, 1740, 1610, 15Kk1~-~; NMR (27OMHq 

CDCl$67.39-7.28(7H,m).6.83(2H,d, J-8.8Hz),4.88(1H.d, J-l.lHz),4.64(2H,ABq, J-14.3H~),4.56(2H,s),4.35(1H,ddd, J-4.0, 

7.0,9.5Hz). 4.21(1H, dd, I-1.1,9X-I& 3.78(3H, s), 3.71(lH, dd, J-4.0,9.5Hz), 3.5O(lH, dd, J-7.0,9.5Hz), 3.03(3H, s), 1.28(6H, s); 

MS M 526@4+), 511,435,418,362,211,162,121,91; Anal. foundz C, 61.33; H, 5.65, N, 5.19. Calcd. for C&&O,j C, 61.5% 

H, 5.47; N, 5.32%. 

From W: Treatmen tof8d(51.4mg,0.Og4mmol)withn-+NFintbesame maaaa ss desuibed above gave [5&I’&2’S~‘*S-(#- 

be~O~_2’f’_&~-l’-~)~~ w3w+metJ=Mw9 hyduttoin (37.9mg, 90%) whidl 

waScatbonylateddiR!Ct&illtheSamemannCr as~‘bedinthepmrioascasetoaffold10d(29.~g,75%)aJacolollrless~, 

[a]D*l’ -9.8” (c-0.64, CHCl3); JR (CHCl3) 1850, 1790, 1740, 1615, 1515cnr1; NMR (27OMHz, CDCl.3) 8 7.39-7.27(7H, m), 

6.84(2H, d, J%.8Hz), 4.68(1H, d, J-O.7Hz). 4.62(2H, AEQ, J-14Hz), 4.55(2H, ABq, E12Hz), 4.27-4.18(1H, m), 4.04(1H, dd, J-0.7, 

8X-k), 3.78(3H, s), 3.69(1I-I, dd, J-4.8,9.5Hz), 3.48(1H, dd, J-7.4 9.5Hz), 3.24(3H, s), l.l9(3H, s), 0.95(3H, s); bf!3 &&MO, 

511,435,362,211,162,121,91; HRMS.fom& 526.1963. Calcd. forC+&O+526.1964. 

[2S,3~4~SREzBeI~e~l~-~~~~~rne~o vb=ww~-l-==pw4~~ 

7$-dioae (lla) aml[2S;3R&5S+isomer (J2a). 

From 8% To a stirring solution of9a (lOO.Omg, 0.163mmol) in dichlorcetbane (5ml) were added etbylcnc glycol (O.lOml, 1.8mmol) 

andpTsO~H~(2omg)pndthemixtunwasstiadat6ooCfor4h.The~~mixtunansdihuedwithwaterrmdthe~ 

layer was cxtmcted with dichkm~thaue (x3). ‘Ihe combined extract was washed with brine aud dried (Na$q). evaporation of the 

solvent and cbromato8raphy oftbe residue @tOAc&xanc 1:3) gave lla (62&q, 71%) as white nccdlcs aad J2a (12.5mg. 14%) as a 

colourless syrup. Data of llr: m.p. 127~13ooc, b] D235 -16.6O (c-1.37. CHCQ; JR &Br) 3510.3320. 1785. 1720, 1610, 1580, 

151Ocm-‘; NTvfR (27OMHz, CDCld 6 7.37-7.28(7H, m), 6.81(2H, d, J-8.8Hz), 6.07(lH, br. s), 4.63-4X(4)5 m), 4.49(lH, d, 

J-4.OHz), 4.33(1H, dt, J-3.3, 5.9Hz), 4.22(1H, dd, J-3.3, 4.OHz), 3.81(lH, dd, J-5.9, 10.3Hz), 3.77(3H, s), 3.68(1H, dd, J-5.9, 

10.3Hz), 2.65(1H, br. s), 0.79(9H, s), -O.O2(3H, s), -O.l8(3H, s); hB &542(M+), 485,395.211,91; Anal. foond: C. 62.17; H, 6.90, 

N, 5.36. Calcd. for ‘+H38N207si: C, 61.97; H ,7.06, N $1656. Data of l2r WDz -10.5O (c-1.22, CHCl3); IR (KBr) 3450, 

1790, 1720, 1610, 1515cm-*; NMR (4OOW CDC4) 6 7.33-7.27(7H, m), 6.28(2H, d, J-8.8Hz), 6.06(lH, br. s), 4.70(1H, d, 

J-11.7Hz), 4.57(2H, AEQ, J-12.2Hz), 4.55(2H, s), 4.41(1H, m, J-7.3, 3.4Hz), 4.29(1H, d, J-4.9Hz), 4.04(lH, ddd, J-3.4, 4.9, 

11.7Hz), 3.84(1H, dd, J-3.4, 10.7Hz), 3.78(3H, s), 3.75(1H, dd, J-7.3, 10.7Hz), 0.73(9H, s), O.O5(3H, s), -O.O5(3H, s); MS w 

543(M++l), 485,395,362,339,305,211,121,91; Anal. fouudz C, 61.79; H, 6.96; N, 5.16. Calcd. for C&-13#120$i: C, 61.97, H , 

7.06, N ,5.16%. 

From 8~: The hydsntoin 8c (34.2mg, 0.0556mmol) wss subjected to the cyclizalion react&m to give 118 (22.3mg, 74%) and l2a 

(4.5mg. 15%) in the same manner as described above. 
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kRllsx Ihchydantoin~(119.lm&0.194mmd)wassubjectsdtotbccycllzationrrrctbninmeslrmemmna asdesakrrbwe 

to give Wa (64.7mg, 61%) aa a white did and 14a (19&q, 18%) aa I witite solid, Data of l& [ah27 -34.8O (c-0.73, CHCQ; JR 

(CHC~3350,1790,1720,1610,1510,144Octd; NMR (27OMHz, CDCld g 7.38-7.29(7H, m), 6.80(2H, d, J-8.8Hz), 5.67(lH, h. 

s).4.65-4.~6H,m),4.l8(lH,d, J-5.9Hz),3.85-3.75(2H,m),3.77(3H,s),2.99(1H,d, J-7.3H~),O.75(9H,s),O.OO(3H,s),-O.11(3H, 

s); MSn&485(Id-57), 362,305,211,121,91; HRMS. faud 485.1739. CalcdforC&&I~i (M+-57,&h)): 485.1740. Data 

of 14~ [ajD26s +30.00 (c-1.12, CHCl$; JR ( CHCl$3350,1790,1720,1610,1510,144Ocd; NMR (271X4&, CDCQ i 7.35 

7.27Oy m), 6.85(2&d, J-8.8Hz), 5.7O(lI-& b. s), 4.854.48(6H, m), 4.07(1H, d, J-LSHz), 4.03(1H, dd, J-1.5,9.2Hz), 3.79(3)5 s), 

3.79(1H, dd, J-4.4, 10.6Hz), 3.7O(lH, dd, J-7.3, 10.6Hz). 0.88(H, s), O.O9(3H, s). O.O5(3H, s); MS nyU42@P), 527,485,395,279, 

211,121,91; Aaal. feud C, 62.25, H, 7.07, N, 6.22 C&d. forQ,H3gN20+ C, 61.97; H ,7.Oa, N, 6.16%. 

From 8dz The hydmdn 8d (9.lmg,O.O1Smmol) wlls cyclized into l3a (3.5mg, 46%) and 14a (l&g, 16%) ia tha same manncx 115 

dcscsibedabove. 

[~3~4&5zw-Bmwb=3=tb$~ vlourpiro[4Aw7,- (llb) ad 

P-S3WWW== Wb), I2S3S4WW4== Wb) d WSWW (14b). 

From llr: To a slidq solution of lla (2.64g, 4.87mmol) in THF (9Omi) was added n-Bt@W (l.OM in lMF, 7.4a 7.4mmol) at 

o~c.After15min,thenacdoamixture~dilutedwirhwatarndthmtheaqneouslaya~~~withelhec(x3).Thecolnbincd 

extractweswaahsdwith~aaddtied(N~~.EvpporrtbnofttLe~~~mdc~ yofthereddne(~~kxane3:1) 

gave lla(1.77g.85%) m white needlq m.p. 122.0-122.5oC, [a]D 265-23.50 (c-1.59, CH.@Q JR ( CHQg) 3440,1790,1730,1610, 

1510,1440, 141Ocd; NMR (27OMHz, CDCQ 8 7.33-7.22(7H, m), 6.84(2H, d, I-8.8Hz). 4.644.50(4H, m), 4.39(1H, d, J-4.OHz), 

4.30-4.21(2H, m), 3.79(1H, dd, J-4.8,10.6Hz), 3.75(3H, s), 3.64(lH, dd, J-4.8,10.6Hz); MS M428 w), 248,234,220,162,121, 

91; Anal.fortlad:C,61.61;H,5.47;N,6.61.Calcd.fcr~~:C,61.68;H,5.~N,6~%. 

From Ik: The hydantoin l2r (5OOmg. 0.92mmol) = coavextcd to J2b (297.6mg. 75%) in tbe same. msll~c~ as dcsaibd above; 

[aID% -3.4’ (c-1.10, CH30H); JR ( CH9 3250, 1785, 1710, 1610, 1510Cm-1; NMFI (27OMHz, CDCQ 6 7.327.23(7H, m), 

6.84(2H, d, J-8.8Hz), 4.56(2H, ABq, J-12.3Hz), 4.44(1&d, J-4.8I.k). 4AO(lH, ddd, J-3.3,4.4,7.3Hz), 4.12(1H, dd, J-3.3,4.8Hz), 

3.83(1H, dd, J-4.4, 10.6Hz), 3.68(lH, dd, J-7.3,lOdHz); hW@428 &I+), 248, 220,162,121,91; Anal. feud C, 61.45; H, 5.79; 

N.6.34. Calcd.forQ&4N+,: C.61.68, H,W&N,6.54%. 

Fkont Wa: The hydantoiu WP (10.8mg. 0.0199mmo1) was converted to l3b (4.3mg. 57%) in the same manna asdwdibcdabove; 

[aIDa +3.5O (c-0.21, CH@H); IR ( CHCQ 3450,179O. 1725,1245cm-t; NMR (27OMHz,qD) 6 7.38-7.27(5H, m), 7.24(2H, d, 

J-8.8Hz), 6.84(2H, d, J-8.8Hz), 4.67(1H, t, J-7.3Hz). 4.5a(ZH, AE!q, J-12X-k), 4,54(2H, s), 4.45(1y ddd, J-3.3, 5.9, 7.3Hz). 

4.19(1H, d, 7.3Hz), 3.75(3H, s), 3.7O(lH, dd, J-3.3, 10.6Hz). 3.59(1H, dd, J-5.9, 10.6Hz); h4S n&428 (M+), 262,248, 220, 162, 

121,91; AnaLfoundz C, 61.89; y5.52; N,6.67Calcd.for~#fi C,61.68; H,5.64, N,6.54%. 

From 14% The hydantciu 148 (9.4mg, 0.017mmol) was converted to 14b (4. Itug, 55%) in the same mamwr as desaikd above; m.p. 

129-133OC, [aID= -37.9O (c-0.21, CH3OH); JR ( CHC& 3450,1790,1720,1245~m~~; NMR (27OMHz,C~OD) g 7.36-7.24(7H, 

m), 6.85(2H, d, J-8.8Hz), 4.58-4.55(4H, m), 4.37(1H, m). 4.24-4.18(2H, m), 3.77(1H, dd, J-3.7, 10.6Hz). 3.75(3H, s). 3.66(1H, dd, 

J-7.0,10.6Hz); MS M428 (M+). 350,248, 220,162,121,91; And. found: C, 61.41; H, 5.70; N, 6.33 Calal. fa C$J.#& C. 

61.67; H, 5.64; N, 6.54%. 
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WA4 to ghre Pwww~-~ --6vlB4~- 79dlone (llc) (437.Omg, 

85%) as a colon&s syrup; [ah27 -17.70 (c-1.14, CH3oH); IR (Nujol) 3300, 1785, 1730, 1460, 1375&*; NMR (27OMHz, 

CD@D) 6 7.34-7,22(5H, m), 4.56(2H, ABq, J-12.1Hz), 4.37(1I-I, d, J-4.OHz). 4.294.21(2H, m), 3.8O(lH, dd, J-4.8. 10.6I-k). 

3.65(1I-I, dd, J-6.6, lo&Hz); MS M 308&f+), 228,217, 202, 142, 108,91; Anal. fomuk C. 54.a; Ii, 5.38; N, 8.84. C&d. fa 

Ct4&,N20~ C, 54.54; H ,5.23; N, 9.09%. n&e sdtriag mixtllce of llc (4OOmg, 1.3mmol) and pd-c (5%,0.4Og) ill methanol 

(2oQml)washeatedat55oCrmderhy~atmosphGn(3~~for7h.After~~~ofthemixturethroughCalite,thefiltnrte 

wasconcenaatedmtder~~. (3hmmatographydthercsidueDDiaion~UIP(wata)and~~ti~gave62 

(171.9mg, 61%) as a white amotphous solid, [ah 26.5 -23.7’ (c-0.97, CIIJOH; JR (KBr) 3300,1780,1720,1400,1310,1150cm-1; 

NMR (27OMHz,CD$D) 8 4.36(1H, d, J-4.4I-k). 4.2S(lI-& dd, J-3.3, 4.4I-k). 4.11(1H, ddd, 3.3, 5.1, 6.6Hz), 3.82(1I-& dd, J-5.1, 

11.7Hz), 3.73(1H, dd, J-6.6,11.7Hz);Anal. found: C, 37.22; JrI, 4.72; N, 12.35. Calcd. for C7H1,j’J206*l/2H20: C, 37.01; H ,4.85; N, 

12.34% 

[2q3s;4~5~3~~~4-~~~~~~-1~~4~ no-7$Qlione (G3). 4-Methoxybenzyi group of l2b 

(241.Omg. 0.562mmol) was ekinakd ia the same mannerasdcs&bedabovetogivetbecarqa&ngproductl2c(135.3mg.78%). 

which was debenzylated under hydtogenation omdkia~ as described above to afford L-3 (73.7mg. 77%) as a white sotid; [aID= 

-7.9’ (c-0.64, CH30H); JR (KBr) 3600-3100,1720cW1; NMR (27OMHz, CD@D) b 4.41(1H, d, J-4.8Hz), 4.2S(lH, ddd, J-3.3,5.1, 

7.0X&), 4.12(1H, dd, J-3.3,4.5Hz), 3.85(1H, dd, J-5.1, 11.7Hz), 3.74(1H, dd, J-7.4 11.7I-k); MS& 219(M++l), 171, 141, 129, 

100,75;Anal.foundiC,37.05;H,4.60,N. 12.49.Calcd.for~H,,-&0&2H2O:C,37.01;H~4.85;N,12.34%. 

[2S,3~~5RJ-3P~~-Z~~e~~~-l~~~4~~~7~~ (L-4). 4-Methoxybe~~l group of Wb 

(125.6mg, 0.293mmol) was eliminated in the same maaner as desuibed above to give the coptspondinB product l3c (74. lmg. 82%), 

which was debenzylated uadex the hydrogdon ax&dons as described above to afford L-4 (42.5mg, 81%) as a white auv.n@us 

sow, [a@5 -42.00 (c-0.60, CH3OH); JR (KBr) 3500,3400,3250, 17-t; NMR (27OMHz. CDsOD) 6 4.65(1H, t, J-7.7H.z). 

4.30(1H, ddd, J-3.7,7.7. 12.5Hz), 4.17(lH, d, J-7.7Hz), 3.74(1H, dd, J-3.7, 12.5Hz). 3.68(1H, dd, I-12.5I-Q; MS M 218&l++l), 

200, 187, 170, 141, 129, 116, 100, 86; Anal. foundz C, 38.21; H, 4.48; N, 12.59. Calcd. for ~H,#206z C, 38.53; H ,4.62; N , 

12.84%. 

[2S,3S,4s,ssl3~~4-~h~~~~~,~~-l~~p~[4.4]~-7~~ (IFS). 4-Methoxybenzyl group of 14b 

(lOl.lmg, 0.236mmol) was eliminated in the same manna: as described above to give the conespoDding product 14c (72.7mg. 86%), 

which was debcnzylated tinder hydrogenation condition as desuibcd above to afford L-5 (37.Omg. 72%) as a white amorphous solid; 

[aID= -19.4“ (c-0.31, CH30H); JR (KBr) 3350, 3400, 3300, 1750. 1715ct~‘; NMR (27OMI-k D20) 6 4.25(1H, t, J-5.9&), 

4,22(1H,ddd, J-3,7,5.9,5.5I-Iz), 3,79(1H,dd, J-3.7, 12.X-k). 3.71(1H,dd, J-5.9, 12.1I-LQ Anal. foundi C, 38.24; H,4.58; N, 12.61. 

Cakd. forC,H,&06: C, 38.53; H p.62; N, 12.84%. 

[I~5~6S,8~-6-BenyloannethytgCbu~~e~~~-l~(4-me~o~~~l)-~l~~~,7~o~~~~~~.l~1~ 

undecane-3,9,11-trlone (1Sa). To a stirring solution of WP (5.7mg. O.Ollmmol) in CH2C12 (l.Oml) were added Et&V (O.O22ml, 

0.16mmol) and COC’2 (1.3M in toluene, O.lOml, 0.13mmol) at OY!. After lOmin, the reaction mixture was poured into sat NH&l 

and then the aqueous layer was exhacted with ethex (x3). ‘Ike combined extract was washed with brine, dried (N+O4) aud 

evaporated. Chromatography of the residue (BtOAchexme 1:3) gave lSa (4.8mg, 80%) as a white amc~Phous solid, [aID +35.7O 

(c-0.93, CHCl$; IR (KBr) 3340,1830,1770,1725,1610,1585,1510cm~1; NMR (27OMHq CDCQ 6 7.36-7.28(7H, m), 6.38(2H, d, 

E8.8Hz), 4.84(1H, dt, J-2.6,6.2Hz), 4.66-4.54(6H, m). 3.78(3H, s), 3.78-3.68(2H, m), 0.90(9H, s), O.O9(3H, s), O.O3(3H, s), MS I& 
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511&f+-57. CBu), 485, 211, 121, 91; Anal. kmtuk C, 61.11; H, 6.49; N, 4.42. Calcd. for C&+&O@ C, 61.25, H , 6.38, 

N,4.29%. 

[2&3R4&5%l-3,4- Dl-==p~4.4j===-7~ Q-2), Ctlp3&*sRJ_iwmsr 0, 

12&3&4&s (D4) d r2&3&4&5&l=== (D-5). 

IX3uiesofthetitlccompounds waepnpered~tothesame~usedintheLseries[a~~ofD~D3,D4 aadD 

5 inmehnol arc +25.4“(c-1.06). +8.9”(c-1.01). +42.9°(c-0.60) aud +18.5’ (c-0.54), xspcctively. 
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