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Abstracti The stenhsome~ of (+)-hydantocidin wete synthesized by diastemoselective dihydroxylation 
directly or epoxidation followed by ring opening of l-oxa-6,8diazaspito[4.4]nonane-3~ne-7,9dione systems. 

A naturally occurring spire-ribofumncee, (+)-hydantocidin 11, shows a strong herbicidal activity against both 

annual weeds and perennial weeds with no toxicity to microorganisms or animals. The unique stmctu& and the 

str&ing selectivity implies 8 new chamcteristic mode of action functioning in only pIant. Our interest was 

directed toward the elucidation of the structme-activity-mlatiouship fmm the aspect of spatial arrangement of 

the functional groups in 1. Therefore, we planned to prepam all the stenzoisomem of (+)-hydantocidin which 

consist of sixteen stereoisomers arising from the four contiguous chiral centers (Figare 1). In the preceding 

papets3, we reported the total synthesis of 1 and the stedscmers 3,4, 7 and 8 Herein we wish to repoti a 

general synthetic route for all the diaste~isomers l- 8 which a~ conesponding to D-se&s of sugar. 
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Our strategy is based on the diastereoselective dihydroxylation of spb2,5-dihyd~b~ane systed A and B 

(Figure 2). We intended to contd the selectivity by the choice of substituents at N-6 position. It is expected 

that the. C-9 carbonyl side of the olefin face in both A and B is more congested and xeacts more slowly with 
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electrophilesthantheotherfacewhenRisH.Themvetseseltctivity,ontheotherhand,canbeexpectedwhea. 

the N-6 side is covend by a bulky substituent intmducd at N-6 position. 

Initially, we focused on the methodology for synthesis of 3,4-cksteleoisomers 14 (Scheme 1). The previous 

finding@ of the fact selectivities in type A support the above strategy: 9 was dihydroxylated with osmium 

tetroxide to tioti 13 pnzdominantly (13~14-5.8: I), md 11 gave only adihydtoxy isomer 15. In order 

N-6 ride C-9 carbonyl side 

Figure 2 
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a) OsQ, N-m&hylmo~holiaeN-oxide, acetone-&O. b) CAN, ae=totiIrik-&Oi H 2/pd-C(S%), MeOH, 55°C 

to generalize this strategy, we examined the dihydroxylation of type B ,10 and 12, which have unnatural 

configuration at the Spiro-center. catalytic osmium tetroxide oxidations of 10 pmceeded smoothly at room 

temperature to afford a single isomer 16 (76%), and the oxidation of N-benzyloxycarbonyl derivative 12 at 

35’C for 3 days gave mydroxy isomer 18 (53%) with recovery of the starting olefin (30%). The cfk-isomers 

16 and 18 were independently converted to desired stereoisomers 2 and 4 by demethoxybenzylation with celic 

ammonium nitrate (CAN)6 and hydrogenolysis of the benzyl group with Hd Pd-C, respectively. 

Next, we tried to synthesize the 3,4-t~~n~-stereoisome1~ S-8 via the opening of the cor~~~sponding 3,4- 

epoxides in an acidic medium (Scheme 2). Epoxidation of 9 with mchloroperbenzoic acid (mCPBA) in 

refluxiag dichlomethane for 3.5h afforded one isomer 19 (59%), while Spiro-isomer 10 gave a single epoxide 

23 (22%) with recovery of 10 (41%). In each case, mCPBA attacked the opposite face to the C-9 carbonyl side, 
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theselectivityofwhichwascon&entwiththeosmium oxidatkmmentionedabove.Althoughthec+kein10 

wasthonghttobelesshiaderadthenthe~face~9owingtothcc-2sabstitmnt,thee~~of1o 

proceeded slowly and didn’t completed by either prolonged reaction time or elevated temperatme. The fact 

impkanadditionalfactor infineacingthenactivityofepoxydationcomperedwiththeceseoftheosmrOm 

OXkbtiOlL 

W~epoxides19andWinhand,the~-openiagwasexaminedinanacidicmedmm(seheme2).After 

several attempts, a rather drastic condition (50% aq. H#Od in DME! at 50°C) was requited to afford two 

isomeric dials 21(39%) and 22 (21%) along with the epimerized epoxide 20 (9%). The similar result was 

obtained in the case of epoxide 23 affo&ng dihydroxy compound 25 (30%) and 26 (17%) together with an 

epimerized epoxide 24 (13%) after chtomatography. I&E&&, it was found that the epoxide-opening 

occurEd at only the 3-position on the fumnose ring in both cases. While the detailed factor of the regioslectivity 

of epoxide-opening is unclear at this stage, C-9 and N-6 fimctionalitics on the Spiro-hydantoin are presume to 

play an important role for the s&ctivity. The deprotection of 21 and 22 were accomplished by successive 

treatment with CAN and EEJpd-c to afford the desited 3,4-f~zns-dihydroxy isomers 5 (21%) and 6 (27%) in 

two stew rqcctively. 
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Scheme 2 

a) m-CPBA, dichloroetbne, r&ax. b) 50% aq.H2S04, DME, 5O’C. 

In order to elucidate the stereochemistry of the ckdioll6 , the trum-dials (21,22,25 and 26) and the 

epoxides (19,20,23 and 24) , the following experiments were carried out (Scheme 3 and Scheme 4). While 

the structure of ckdioll3,14,15 and 17 have aheady been confirmed as depicted in Scheme 1 in our previous 

report&, the lemainin g ckdioll6 was derivatized into a triacetate 27 to analyze the stereochemistry. In the 

lH-NMR experiment in 27, the NOE was observed between the protons at C-2a and C-3 showing au u- 

arrangement of the diol group. 

Next, the stereochemistry of the epoxide 19 and 23 were de$eanined on the basis of Moffatis method7 

which convetted a geminal-cis-diol into the corresponding epoxide with retention of theii ste~~&~mistry in a 

nucleoside system Treatment of 13 with 2-acetoxyisobutylyl chloride in a&o&rile gave 3,4- and 4,3- 

chlorohydrine intermediates which were successfully cydized into 19’ by employing NaH in the mixed solvent 

of THF and DMl? The epoxide 19’ was identical in every respects to 19 derived by mCPBAepoxic&tion. The 

same squence was applied to 16 affording 23’ which was also identical with 23. Analysis of lH-NMR, R and 
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Mass spectra between 19 andu) strongly supports an epimeric relationship of the spbccnter, f&&more; the 

isomerization between them could achieved ia prctic solvent ( methanol or water) under both acidic @-TsOH) 

and basic (aq. NJ&) conditions with no change of epoq4mctionality on the fumnose ring. Similarly, 24 was 

post&edtobtheepimeratthesph-ccaterof23. 
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a) COCl, DMSO, Et,N, CH$l 2 b) NaBH,. MeOH. c) MsCl, Et3N, CH&&. d) n-Bu.,NF, THF. e) aq.NH 3, EtOH, 70’C 
f) COCI,, Et,N, CH$ln_. g) n-Eh@F then NaH, THF 
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whilethestereochemisayof~tnurpdiots25and26havebem~elacidatadinaur~l~ 

approac@, the confimu&n of the trons-diols 21 and 22 was carried out by desivatizatlon from the atem+ 

defii apho-hydantom 28 @hama 4). Swern oxidatlo~? of 28 gave the corresponding l&one 29 (23%) with 

recovery of the &at&g alcohol (52%) and aubaequent mduction of 29 with aodium borohydtide in methanol 

produced diastercomeric alcohols 30 and 28 (95% 30:2%14:1). The stemochemiatty at C-3 was &ermhmd 

by formation of 3,4-epoxide 19 fmm 30 which process consists of desilylation with n-B@IP followed by base- 

promoted cyclization. Finally, the stereochemistry of 22 was confumed by the compakm of the authentic 

sample 22’ which was derived from30 in two steps. Epimerizatiot~ of 30 into31 was auccceded in a mixtum of 

ethanol and ammonium hydroxide at WC! to yield 31(34%) together with 30 (44%). The analysia of lH-NMR 

MaarandIRin31showed~existenceof~~~~furanosepatt,theresultofwhichindicatedthe 

epimeric relationship at the spim center. Finally, its atemochemiatq was confirmed by the fotmation of 33 

which was carbonyhued between hydroxy group at C-3 and NH group at N-6. The muthing alcohol 31 was 

desilyhued with n-Bt@IP to furnish the tmns-diol22’ which was identical with 22 derived from the epoxicle- 

opening. 

In conclusioq we have developed a general mute fot the synthesis of all the diaakmokxuers of (+)- 

hydantocidin in D-series by the diastcreoselective dihydroxylation of the spire-2,5dihydtofurane systems 9-12 

as hey steps. This method is alao applicable to the antipode-synthesis of IS by employing L-tat&ate as a 

starting material and the research are now in progmsa. 

AUmeltingpointsweredeterminedonaYaaacomiaomeltinspointapparahlsaadwen~ ‘H-NMR spec&a (27OMHz) 

were recorded on a JOEL GX-270 spectrometex. lR spectra wcze M on a Jasco A-102 spectmmeter. Mass spectra were recorded 

on a JOEL JMSD300 m. optical rotations were measured on a Jasco DIP-360 polarimetex. Merck Kieselgel60 was used 

for Siq column chmmatography. Merck TLC plate Art5744 was Used for pnperative TLC. 

[2~5~-2-Ben~~(~rne~o~ ~~~l-l-o~a~p~[4.q~~~7~~ (12). 

To a stirring solution of 10 (77Omg, 1.45mmol) in THF (8W) WBS added ?BuGK (0.22& 1.45mmol) at 0°C. After 5 min, bmzyl 

chloroformate (0.34ml, MOmmol) was added, and the mixture was stirred at r.t. for 1.5h. The mixture was diluted with water and 

extracted with BtGAc (x3). The combined extract was washed with m dried (Na$Gd and concentrated. The residue was 

chromatographed on silica gel (BtOAchwrane 1:3) to give 12 (88Om8,84%) as a colourless syrup. [a]D26-54.20 (c-1.19, MCI& IR 

(CHCQ 1820, 1760, 1745cm-l; NMR (CDCIZ, b 7.38-7.30(7H, m). 7.27(2H, d, J-8.8Hz), 6.83(1H, dd, J-2.2, ~&HZ), 5.61(lH, dd, 

J-2.6, 6.6Hz), 5.23(2H, s), 5.21(lH, dddd, J-2.2,2.6,5.1,7.3Hz). 4.65(2H, s), 4.55(2H, ABa J-12.4Hz). 3.78(3H, s), 3.64(lH, dd, 

J-7.3, 10.2Hz), 3.57(1H, dd, J-5.1, 10.2Hz); MS I@ 428(M+), 337, 262, 121. Anal. found: C, 68.16; H, 5.57; N, 5.35. C&d. for 

C&&C+: C, 68.18; H, 5.30; N, 5.30%. 

[~3s,4~5lP1-zBenzyloxy-8-(4-me~o~~~)~~~-l~~,S~p~[4.4]n~~~7~~ (16). To a solution 

of 10 (SOOmg, 1.17mmol) in a mixtere of pyridhswatex&utaml (2:15:50, 1Oml) wem added himetbyWxide dibydmte 

(212mg, 1.9lmmol) aud Gs04 (O.lOg) and then the mixtme was &red at 7ooC for 6h. The mixture was quenched wiU~ 20% aq. 

NaHSC+ (2.Oml) and exhact with BtGAc (x3). The combined exhct was d&d (Na$iO,,) and ccnMltmted.lIlel&iuewas 
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e on silica gel @~OA&X~IKI 1: 1 &#I 6: 1) to give 16 (4lS.&ug, 76%) as a colourles syrup. bl$6 -25.00 (c- 1.01, 

CHCQ; JR (CHCl~3400,1790, l--l; NMR (CDCQ 6 7.37-7.27(7H, m), 6.81(2H, d, J-8.4Hx), 6.43(1H, br.s), 4.56(2H, AEJq, 

J-121Hx). 4.55(2H, s), 4.37(1H, dd, J-4.4, 7.3Hx). 4.2-4.3(2H, m). 3.75(3H, s), 3.62(1H, dd, J-4.8, 10.6Hz). 3.54(1H, dd, J-5.1. 

10.6Hz), 3.32(1H, d, J-7.3Hx), 3.04(1H, d, J-3.3Hx); MS f@z 428(M+), 337, 262, 121; HRMS. found: 428.1589. Calcd. for 

c&q#zq: 428.1584. 

I~312~s~~l~~~4~~ 

7,9&w (lg). To a solution ofMmethy_ (139mg. 13lmawl) ia a mixtme of acetone-we (;21,0.6ml) wcse 

added a aoluticn ofl2 (0.57g,l.lmmol) hl a mixtlm? of ac&ow-sBQH (5:2,1.4ml) and OsO4(45mg). Atkr stwng at 35’C for 674 

themixtun~~withu)%aq.N~~aaderhactedwithBtoAc(x3).The -0X~~WSShCdWith~dried 

(NaElioq)~-~ted. Qmrmatoetaphy of the midue m silica gd (j!CMc-ti 1:2) gave 18 (32omg. 53%) as a wloudcss 

syrup with tecovay of l2 (17Om~ 30%). [ar]D 25 +5.1” (c-1.38, CHCQ; JR (CHC!k$ 3550-3350, 1820. 1810, 1740~~; NMR 

(CDC13) 6 7.45-7.25(7H, m), 7.28(2X-I, d, J-8.8Hz). 5.32(2H, ABq, J-12.1Hx), 5.18(1H, dd, J-4.4,9.9Hz), 4.67(1H, ddd, J-2.6,4.4, 

6.6Hx), 4.63(2H, s). 4.56(2H, ABq, J-12.1Hz), 4.22(1H, brs), 4.19(1H, dd, J-2.44.4I-k). 3.81(ly dd, J-4.4, ll.OHx), 3.77(3H, s), 

3.73(1H, dd, J-6.6, Il.OHz), 2.95(2X-J, d, J-9.9Hx); MS &z544(M+-18, I-&O). 454,333,121,91. Anal. foimdz C, 63.63; H 5.47; N, 

4.86. C&d. for C&+J3@~ C, 64.05; H, 5.33; N, 4.98%. 

PWW’WVPDihsaw-2-~ thyi+3-dka-l-oxa@1$4.4lmna11+7,9dioae (2). To a stir&q soltion of aric 

ammonium nitrate (1.34g, 2.44mmol) in water (1.8ml) was added a solution of 16 QXhug, 0.16ma101) in CH.$N (3.7ml) at tt. After 

15min.thercactionmixtunwasdilutedwithbrineandtheeqneouslaycrwaswrtractedwithEtoAc(x4).~~bnad~~was 

dried (N+Oq) aud amwntmted. The residue was chromatogtaphed on silica gel (EtOAckxane 2:l then l&l) to give 

WW,3WJU-~xymeW-3~ -6&diaxa-l+maspiro[4.4lnoMne- 7$dknle (26mg, 50%) as a colourkss SyNp, 

phi& WBS used ditty ia the next ration IR (CH9 3300,3040,1785, 1740~~~1; NMR (CDCI) a 7.27.qJy m), 4.57(2H, 

AEQ, J-11.7Hz), 4.28(1H, d, J-4.8Hz), 4.21(1H, dd, J-3.3, 4.8Hz), 4.16(lH, dt, J-3.3, 4.8Hz), 3.60(X-I, d, J-4.8Hz); MS n&4 

308(M+), 230,202. A mixtme of the above diol(218mg, 0.707mawl) and 5% Pd-C (220mg) in MeOH (3001ni) was beated at 55’C 

undez hydtogen atmosphere (3.Okg/c&) for 6h. After filtration of the mixture &rough Celite, the filfmte was concenaeted unda 

reduced ptesute. Chtomatogmphy of tbe residue oa Diaion CHP 2OP (water) gave 2 (102.4mg. 66%) as a white amorphous solid. 

[aID**-11.0’ (c-0.30, CH30H); JR (KBr) 3650-2700.1785, 1725ml; NMR (CD30D)6 4.24(1H, d, J-5.1I-k). 4.16(1H, dd, J-3.3, 

5.1Hx), 3.66(1H, dd, J-4.4,12.1Hx), 3.59(1X-I, dd, J-5.1,12.1Hx). 3.29(1H, ddd, J-3.3,4.4,5X-k); MSnJz219(M+), 187, 171, 129. 

Anal. fotmdz C. 38.38; H, 4.55; N, 12.43. Calcd. for ~t&O~ C, 38.53; H, 4.62; N, 12.84%. 

[~3~~,5sl-zse~o~e~~-3~~~~(~me~o~l~l~~~~~p~[4.qn~~7~e (19). A mixture 

of 9 (5OOmg, 1.3mmol), mCPBA (1.098, 5.01nmol) and 2,6di-?butyl4-methylpbenol (2191118, 099mmol) in lm 

(5oml)wasrenuxedfot4h.Aftetcooled,theresultingccystalswenNtcndoffandthc filwatewasdilutedwith~Tlte 

solution was washed with sawated N+0, aad brine. and tha dried Q$SO& Evqoration of the sokent aud chmnwgmphy of 

the residue on silica gel (EtOAc-bexane 1:4) gave 19 (24Omg,59%) as a colourless syrup. [aj# -27.4O (c-0.96, CHCQ; JR (CHCQ 

3300, 1795, 173~1; NMR (CD’&) 6 7.36-7.27(7H, m), 6.84(2H, d, J-8.8Hz), 5.73(1H, brs), 4.58(2H, s), 4,57(2H, AE3q, 

J-12.1Hz), 4.48(1H, dt, J-0.7,6.2Hz), 3.%(lH, dd, J-0.7,2.9&), 3.78(3H, s), 3.75(1H, d, J-2.9Hx), 3.63(2H, d, J-6.2Hx); MS n@ 

41O(M+), 304,260,121. Anal. found: C, 64.11; H, 5.54, N, 6.50. C&d. for C2.&&06: C, 64.39; H, 5.37; N, 6.83%. 



Synthetic studies on (+)-hydantocidin-IV 
2151 

C2~3~~5~~~~~~1~~~~4~~ 7a (23). W 

10 (l.OOg, 2.Smmol) was amvated to23 (0.45g, 22%) (Is a colomleds syrup wiul mcovely of 10 (0.41g, 41%) in the same m as 

desaikd above. [ubz -23.9O (c-0.65, CH$H); JR (CHC& 3450,1790,1740an-‘; NMR (CECl3) 6 7.04-7.20(7H, m), 6.84(2H, 

d, J=8.8Hz), 5.71(1H, br.s). 4.59(2H, AFJq, J=14.7Hz), 4.56(2H, s), 4.48(1H, dd, J-6.4 7.7X-k), 3.99(1H, d, J=2.6I-I2), 3.78(3)5 s), 

3.77(1H, d, J-2.6Hz). 3.73(1H, dd, J=7.7,9.9H.z), 3.63(1H, dd, J=6.6,9.9Hz); MSnJz41O(M+), 319,304,259,121. Anal. found: C, 

64.O1;H,5.4o;N,6.57.Calcd.fort&$I&O~C,64.39;H,5.36;N,6.82%. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (M), 12k3S. 

~SS1-~~~~~~~~rn~~-l~~,~~4.q-~ 7,9dioila (21) ud its 

[2R,3S&SRJ-isomer (22). A stining solution 0s 19 (l.OOg, 24mmol) in a mixtutc of dim&cxyetbane (2Oml) and 50% q. H#O4 

(1oml)washeatsdatSoOCfor7h.Afterbeingcooled,the~~wasneutralisedwithsat.NbLcqandextnrctedwithEroAc(x3). 

lkCottlbitIedWtractwaSdtied(NfQSO‘$)andcoaceMated ultdefreducfd~to8ivetberesiduewilidlwascbtomatographed 

on silica gel (EtOAoheJrane 23) to yield 20 (94mg. 9.4%) as a colourlcss syrup, 21(406m8,39%) as a white solid and 22 (42Omg, 

40%) as a white solid, tqxctivcly. Data ofu): b]D25 +12.1” (c-0.97, CX-QOH); JR (CHC!l~3330,1850,1745an-‘; NMR (CDCl3) 

6 7.34-7.25(7H, m), 6.86(2H, d, J-8.8Hz). 4.58(2H, AEq, J-15.4Hz). 4.57(1H, br.s), 4.22(1H, dt, J-2.2, 6.2Hz), 3.96(1H, d, 

J-2.2Hz). 3.91(1H, t, J-2.2Hz). 3.76(3H, s), 3.75(1H, dd, J-6.2, 9.9Hz). 3.67(1H, dd, J-6.2, 9.9Hz); MS n& 41O(M+), 260, 121. 

Anal. found: C, 64.01; H, 5.36; N, 6.73. Calcd. for C$Q&Ot+ C, 64.39; H, 5.37; N, 6.83%. Data of21: mp. 125-128oC, [a]$ 

+20.70 (c-0.64, CH-PH); JR (KBr) 3300,1785,1715cm-l; NMR (CD@D)b 7.34-7.24(7H, m), 6.85(2H, d, J=8.8Hz), 4.56(1H, br.s), 

4.55(2H, ABn, J-14.6Hz). 4.29(1H, ddd, J=1.8,2.2,5.1Hz), 3.97(lH, dd, J-1.1, 1.8Hz). 3.95(1H, d, J=l.lHz), 3.76(3H, s), 3.68(1H, 

dd, J-2.2, ll.OHz), 3.57(1H, dd, J=5.1,11.OHz); MSn&428(hi+), 365,262,121. Ansl. foundz C, 61.69, H,5.n, N, 6.54. C&d, for 

C$&C+ C, 61.89; H, 5.61; N, 6.54%. Data of 22 mp. 106-107oC, [a@5 +5.3“ (c-0.45, CHCl3); JR CHCl3) 3440, 1785, 

1730~~t; NMR (wD)a 7.34-7.22(7H, m), 6.83(2H, d, J-8.4Hz). 4.54(2H, ABq, J=lS.OHz), 4.53(2H, AEIq, J-11.9Hz), 4.28(1H, 

t, J=8.4Hz), 4.14(1H, d, J-8.4Hz). 4.04(1H, ddd, J-3.3, 6.6, 8.4Hz). 3.75(3H, s), 3.74(1H, dd, J-3.3, 7.7Hz), 3.69(lH, dd, J-6.6, 

7.7Hz); MS &428@l+), 317, 262, 121. Anal. found C, 61.39; H, 5.26; N, 6.33. C&d. for C&$2O,z C, 61.68; H, 5.61; N, 

6.54%. 

[2~3S,4~ssl-zBem~~-3~~~~(~~~~~1~~,~~4.qn~~~7~(~), [2R,3R, 

4~SsJ-2-beozylolymethyl-3~~~(~m~o~~~)-l~~~,8d~p~[4.q~~~7~e (25) and its 

[2R,3R,4R,SSj&nner (26) The epoxide 23 (887mg. 2.16mmol) was treated in the. same mannerasdesuibedabovctoyicld24 

(1122mg, 13%) as white needles, 25 (277.7mg, 30%) and 26 (157.5mg, 17%). respectively. Data of 24: mp. 126.5-127.5oC, [ah= 

-85.4O (c-0.39, C.X$OH); JR (KBr) 3400, 1790, 1730cnr1; NMR (CD30D) 6 7.40-7.30(5H, m), 7.26(2H, d, J=8.8Hz), 6.86(2H, d, 

J-8.8Hz). 4.58(2H, s), 4.57(2& AE& J=14.7Hz), 4.38(1H, t, J=3.7Hz), 3.92(2R s), 3.76(3H, s), 3.76(1X-& dd, J-3.7, 10.6Hz), 

3.66(1H,dd, J=3.7,10.6Hz);MS~410@4+),319,304,259,121. Anal. knmdz C.64.39; y5.32; N.6.87.Calcd. forc2_LFI22N2~ 

C,64.39;H,5.36;N,6.82%. Thcdataof2sand~wuercporuinthcpreceding~’! 

F’reparation of 19’ and 23’ by Moffatt’s prccedura. 

To a stirtbq solution of l3 (166.7mg. 0.389mmol) in CHIN (4ml) was added 2-acetoxyisobutylyl chkkdc (0.1 lml, 0.78mmol) 

andthemixhltewasheatedat80’Cfot3bAftetbeingcooled,memix~waseMporated~reducedpessuntogiveasyrup 

which was dissolved in THP (6.Oml). To this solution was added NaOMe (0.94ml, 2.1M ia MeOH) at 0°C aud the mix- was stirred 

att.t.for5h.AherquenchingwimsarNH4CI,~mixtutewasextrsdedwith~(x3),aadthenthecombinedwtract-wssbed 

with briue. and dried (Na$O& Evaporatian of the solvent gave the residue which was lben dissolved iu ‘II-E-DMF (4ml, 3: 1). To this 
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Mcthd A: A mixture of the epoxide 19 (49.Omg, 0.119mmol) atnip-TsOHH$l(11.4mg, O.O6Ommd) in MeoH (l.Oml) was stirred 

at7oocf~6h.The~mixtuewssdilntedwithwatetandartractsdwithEtoAc(x3).TheoombinedeJdarawrswashedwith 

brit=,~w$Q)~ CQmWlMdlllCnsidueWxScbioaytDgtaphed on silica gel @toA&exane 1:l) to give 19 (21.9mg, 

45%) and20 (18.6mg, 38%). 

Me&d B: To B solutionofl9 (62.3m8,0.152amnol) ia t&OH (3&d) was added 28% aqNH3 (0.5m.i). After stirring at 70oc for 64 

thcmixtlnewasdilntsdwithwateraodcxtradedwithEtoAc(x3).Thecombiaedextrpctwas~withbrine.dtied~~)and 

evaparted ‘he widucwas chmmatographcd onsilica gel (EtOAc-hexane 1:l) to givel9(31.8mg, 51%) and20 (13.7mg, 22%). 

~epaaidc23wesalso~totrlbymethodA(88%.t3:~-22:l)andmethodB(76%,23:~- 1:1.5),rwpchdy. 

Izv~4~5w==i+it=w-g-(~ trhdyl-l-oxd&liws~4.4~7~ (27). To a 

stirring sohdon of16 (28.6mg, 0.067mmol) in C!H$N WQC added A@ (44ml, 0.47mmol), pyridhc (38ml, 0.481~01) and 4-A’& 

dimethykminoWridine(l(lmg)atr.t.AfterIh,thcmixtmewsJ~~~wataandtbmuaadedwithEtOAc(X3).~ 

combioedtntnuxwsswashedwithdil.HClandbrine,dried~~~and UWUlWCdundermdUCCdpresnm.ThCresiduewaJ 

mtogqhd on preparative TLC (EtOA~hexxnc 1: 1) to give 27 (28.lm8,76%) as B wlourkss syrup. [ah25 +29.0” (c-0.77. 

CHCQ; IR (CHCQ 1805, 17~l; NMR (CDCl3) 87.34-7.27CM; m). 6.86(2H, d, J-8.8Hz), 5.43(1H, 6, J-8.5Hx). 5.28(lH, dd, 

J-7.2, 8X-h), 4.98(1H, m), 4.65(1H, ABq, Ell.QHz), 4.59(2H, ABq, J-17.6Hz). 3.79(3H, s), 3.72-3.63(2H, m), 2.52(3H, s), 

2.10(3H, s), 1.99(3H,s); Msn&554(M+), 511,448,276,121; HI&S. fouwk 554.1913. Calcd. forC&13&0,0:554.1910. 

w44&w-==ivhm@*‘L~ b-~*=~ c4.4l===7s9- 

dione (29). To a stihg sohdon of oxatyl cl&ride (1.7ml, 19.4mmol) in CIEpz (9Oml) was added II solution of DMSO (2.75ml, 

38.8mmol) in cIH2C12 (3ml) at -6ooc. Afta 3Omit1, a sohtti~ ofu) (4.39& 8.39mmol) iu CH$& @ml) was added and the mixtum 

wasstimdf~35miaTbe~was~byadding~(6.8~48~~l).AftertheJolutionweswaamedtoooCand 

stirredfor~itwas~~withwataaadextnrctadwith~~(x3).~combioedextnrctwaJdried(Nazsoq)and 

ccmcentrated. The cnlde rfsidue was chmmatogmphed on silica gel (EtoAc-hclrane 1:3) to aisrd29 (1.04g. 24%) with rccovq of28 

(23Og,52%). mp. 93.0-93.5OC, [a],**-53.3” (c-1.30, CHCQ; JR (KBr) 3370,1780,1730cm1; NMR (CDCl$67.3&7.24(7H, m), 

6.82(2H, ABq, E8.8Hx), 6.32(1H, br.s), 4.65(1H, d, J-l.IHz). 4.59(2H, ABq, J-14.3Hx). 4.55(2H, ABq, J-ll.OHz). 4.43(1H, dt, 

J-1.1, 2X-h)). 3.81(1H, dd, J-2.2, 10.6Hz), 3.78(3H, s), 3.74(1H, dd, J-2.2, 10.6Hz), 0.75(9H, s), O.o6(3H, s), -O.l6(3H, s); MS M 

541(M++l), 483,395,377. Anal. found 62.19; H, 6.66, N, 5.27. C&d. for C$Q##iz C, 62.2@ I-I, 6.71; N, 5.18%. 
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88%)aad28(8.9mg,5.3%).Datad30: [a~~+27.70(c-1.03,cHcs);IR(Mc13)2450,1790,171~*;NMR(cDc13)67.3C 

7.29(7H, m). 6.83(2H, d, J-S.SHz), UP(lH, br.s), 4.63-4.51(4H, m), 4.25-4.21(2H, m), 4.02(1H, dt, J-4.4,9.2Hx), 3.7801 s), 3.63- 

3.53(2H, m), 3.42(1H, d, J-9.2Hx), O.Sl(PH, I). O.O5(3H, s), -O.O7(3H, 6)); MSnyk543(h@+l), 485,467,211. Anal. knmdz C, 61.83; 

H, 7.07; N, 5.03. Cakd. for C&E&C+Sk 61.97, H, 7.06; N. 5.16%. 

[2R,3&4S,SS+2-Be~oxymatbyl-Wbu t~~+@-mot&9beWW+xa-6& 

diax@ro[4+4lno=ne-7,Pdione (32). To a stirring solution of30 (64.9mg. 0.12mmol) and Et.$ (SSml, 0.6lmmol) - added 

~(14ml,O.l8maaol)atOoC.After1omin,themixtnaewasdihrtedwithwataand~~with~(x3).Thecombined~ 

waJwashedwithdil.HClaodbpioe,dki(NpzsosaadWWlUWd d*p=== vy @oA&exane 1:2) 

of the residue gave32 (7O.Om8,99%) as a c&u&s syrup. [aID** +3.2’ (c-0.91. CHCQ; IR (CHCQ 3430,1790,1730a&. NMR 

(CDCQ 6 7.39-7.32(7H, m), 6.82(2H, d, J-S.SHz), 6.19(lH, br.s), 5.12(lH, dd, J-5.1.6.2Hx), 4.68(1H, d, J-6.2Hx), 4.62(2&I, m), 

4.56(2H, ABq, J-14.3Hz), 4.38(1H, dt, J-5.1, 2.2Hz), 3.78(1H, dd, J-2.2, ll.OHx), 3.78(3K s), 3.67(1H, dd, J-2.2, ll.@Hx), 

3.02(3H, s), 0.76(9H, s), O.O1(3H, s), -0.2S(3H, s); MS &563w-57, GEJu), 467,211. 121. Anal. found: C, 55.94, H, 655; N, 4.30. 

Cslcd.forC$3&~i~C,56.10; N,6.49;N.4.51%. 

Jsomerization of 30 to 31. To a solution of 30 (146.3mg, ) ia F&OH (7Sml) was added 28% aq.NI$ (2.Oml). Aftez stir&g at 8ooC 

for 3.5h, the mixture was diluted with wates snd extracted with EtOAc (x3).* combiaed extract was wsshed with britq dried 

0 and comzntmkd. The residue WBJ chmmatographed on silica gel @OAc-hexaae 1:3) to give 31(49,5mg, 34%) as a white 

solid and 30 (64.9mg, 44%). Jh& of 31: mp. 152.5-153.W; [ajD** -27.4’ (c-0.68, CHCQ; JR (CHCQ 3450, 1790, 173&m-t; 

NMR (CDCQ 6 7.35-7.28(7H, m), 6.81(2H, d, J-S.SHz), 5.82(1H, lx. s), 4.56(2H, m) 4.52@, m), 4.5O(lH, f J-S.lHx), 4.15(1H, 

d, J-S.lHx), 4.11(1H, dt, J-8.1, 12.1Hz), 3.79-3.70(2H, m). 3.77(3H, s), l.@l(lH, br. s), 0.71(9H, s), O.O6(3H, s), -O.O7(3H, s); MS 

@z485 (M+-57,CBu), 211,121. Anal. found: C, 61.76; H, 6.93; N, 5.33. C&d. fw C,##+,Si: C, 61.97; H, 7.06, N, 5.16%. 

Desilylation of 30: To a stirring s&dicm of30 (335.8mg, O.619mmol) in THF (6ml) was added n-ByNp (Uml, l.OM in THF) at 

OOC. After m the reaction mixture was diluted with water and extracted with E$D (x3). The combined extract was wssbed with 

brine,dried~~oq)andconcentratsd~~edpresJure.?heresultingresiduewaschnrmatographedclllsilicagel~~~ 

hexane 3: 1) tc give 21’ (153.8mg, 58%) which was idenlicsl witb21 in all respects. 

DesilyUon of 31: The same procedure as deskted above gave22’(77%) which was identical with 22 in all respects. 

[1~5~~gsJ_~o~e~~~bo~~~e~~l~-lq~~o~~~-~l~~~7~~~~~~.~~ 

umlecane-3,P,ll-trione (33E To a stir&g solution of 31 (12.7mg. 0.0234mmol) in CH$& (l.Cunl) wae added E+V (33ml, 

0.23mmol) and phosgene (O.l2ml, 2.OM in toluene) at 0°C. Afka IOmin, the readiaa mixtme was diluted with water and extracted 

with Et&l (x3). The combined extract was washed with dil. HCI and brioe, dried (Nezsoq) and cowntrated.ThemSidUewaS 

chromatogqhed on prepsrative TLC (EtOAc&exane 1:l) to give 33 (9.4mg, 71%) as a colourkss symp. [a]$ +S.F (c-0.36, 

CHCQ; IR (CHCQ 1830,1770, 173&m-t; NMR (CDCQ67.35-7.27(7H, m), 6.82(2H, d, J-8.5Hx). 4.67(2H, s), 4.65-4.58(2H, m), 
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4.53(2H, ABq, J-12.1H.z), 4.44(lH, d, J-1.6I-Iz), 3.78(3I-I, s), 3.78-3.68(2H, m). 0.87(9H, s), O.M(3H, s), O.O0(3H, 8)); MSn&Sll(M 

57,PBu),414,211,121. I-IRMS.fcmmi 511.1540. C&d. fa~$$O#i(h4+Bu): 511.1537. 
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