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Abstracti A total synthesis of (+)-hydantocidin 1, a new class of ribofuranose derivative exhibiting he&i&&l 
activity, is reported. The spim-hydantoin ring at the anomeric position of D-ribofuranose was constructed from 
substituted hydantoin derivatives 6,7, and 12 through acid and base-promoted cyclimtion methods. 

(+)-Hydantocidin 1, isolatedr from the cultured broth of Streptomyces Hygroscopicus SANK 63584, 

possesses an interesting profile of herbicidal and plant growth regulatory activity. The structure was 

determine by the combination analysis of Mass and *H-NMR spectra which establiihed the relative 

configuration of its stereochemistry. Both the novel structure, which contains the hydantoin nucleus at the 

anomeric position of ribofuranose in a Spiro-forms, and the unique herbicidal activity prompted us to investigate 

the synthesis of 1 and the &ted derivatives. Herein we report the total synthesis of 1 in an optically active 

form and establish its absolute configuration. 

HO 

(+)-hydantocldin 1 

Our synthetic strategy is shown in Scheme 1. The required carbon framework can be derived from the tetrose 

derivative A and the hydantoin derivative B by condensation. The resulting condensate C can be cyclized into 

the key intermediate D, which will lead to the target molecule 1 after diastereoselective dihydroxyhxtion and 

deprotection. 

Al&hydes 24 and 35, in which the former was prepared from D-(-)diethyl tartarate in four step& and the 

latter from @‘)4-benzyloxy-2-buten-l-o1 in two steps by Sharpless’ asymmetric epoxidationc followed by 

Swern oxidation7, were chosen as the tetrose A. The protected hydantoii 4 and 5 were prepared by acetylation 

or silylation of N-(4-methoxybenzyl)hydantoin, respectively. 
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The total synthesis began with the aldol condensation of 4-O-beayl-2,3Uiao~lidene-D-tbreose 2 and l- 

N-ace@-3-N-(4-methoxybenzyl)hydantoin 4 @heme 2). The t~~tmen@ of 2 with 4 in 1,4dioxane in the 
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Bn: benzyl, PMB: p-methoxybenzyl, TBS: f-butyldimethylsllyl 
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a) f-BuOK, dloxane, r.t. b) p-TsOH’H,O, MS 4A (cf. Table 1). 

c) Li-enolate of 5, THF, -78% 20min. d) LlflMS)z, THF,r.t. 
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presence of potassium tea-butoxide at OT to room temperature aRo&d a mixture of @)-isomer 6 (7 1%) and 

@)-isomer 7 (14%) after their crystallization and chromatography. In the comparison of the olefin protons’ 

NM!& signals for them, a 03lppm downfield shift for 6 indicated the ck-relationship between the ptoton and 

the amidecarbonyl functionality on the basis of anisotmpic effect 
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The initial attempt to cycllre 6 into a spite-fumnose under a tra&eUAon condition@ contaming 

ethylene glycol andptoluenesulfonic acid in dichlorcetbane at mom temperature led to only the deacetonized 

product 10, while heating of the reaction mixture for two hours afforded the cyclixed product 8 @Cl%), 9 (15%) 

and 11(0.8%). Elemental analyses and several spectral data indicated a diastereomerlc mlationship between 8 

and 9. The single crystal X-my analysis of 9 conkned the stereochemistry at the quaternary center (Flgmre l), 

indicating tbat another isomer 8 had the desked ste.teochemlstry. The by-product 11 might be formed by the 

attachment of ethylene glyccl, suggesting the cycliion would prefer the conditions without ethylene glycol. 

Among several solvents screened, a halocarbon solvent such as chloroform and dichlotcethane was found to be 

suitable for this transformation (Table 1). On the other hand, the cyclization of Q-isomer 7 occurmd at mom 

temperatum to yield 8 (38%) and 9 (23%). The cyclixation employing various Lcwls acids, Fe., Snt& Tic&, 

BfiEtzO, ZnIr and others, instead of pmtic acid, met with faihtte. 

Figure 1 

Perspective view of the crystallographic slructure of 9 showing a cis- 
relationship between Ihe benzyioxymelhyi group and the carbonyi 
group on the dihydrofurane dng. 

Table 1. Add-Promoted Cydlzation a of 6 and 7. 

entry sub&. solvent 
%, yield isomers 
(9+9) ratio (99 ) 

1 6 CiCHzCHzCi 82 63 : 37 

2 6 CHCI, 85 60:40 

3 6 benzene 62 64:36 

4 6 CHsCN 46 50:50 
5 6 THF 0 _ : _ 
6b 7 CiCHzCHsCI 61 63:37 

‘Ail experiments were carried out at 70°C (except for entry 6) for 2h 

In Ihe presence ol p-TsOH. bThe reacllon was performed at r.1. 

We next turned our attention to the use of (2&3R)-4-benxyloxy-2,3-epoxybutanal3 ln place of 2. The 

additionit~a of lithium enolate of the hydantoin 5 to 3 cccmred in TI-F at -78‘C accompanying with the 

migration of the silyl group to the resulting hydtoxy group. The adduct 12, which showed two spots on a silica 

gel TLC plate (Rfz 0.47 and 0.28, ethyl acetate-hexane 1:2), was obtained in 95% yield, consisting of four 

diastemoisometut2 in a ratio of 4.5: 1:3.2:1 analyzed by HPLC. The mixture was subjected to the cyclixation 

conditions employing 2.2eq. of lithium bis(trimethykilyl)amide in several solvents (THF, EtzO, dioxane or 
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THF-hexane 1:3) at room temperamre. In all cases, the stereoisomer 9 was obtaiaed pmdominantly to the 

desired isomer 8 in a ratio of ca. 2:l (20-50% combined yields) in spite of varying the solvents polarity. 

Intemstingly, a series of addition-cyclization steps from 3 and 5 was able to perform in one pot by successive 

addition of lithium bia(trhnethylsilyl)ami& to the solution of resulting aldol adducts 12. Similarly 9 and 8 wem 

producedina41%combinedyieldinaratioofca.2:1. 

The probable cyclixation prccemec ~showtlinScheme3.Theeliminatiotlof~ylic~~gtoupin6or7 

would give Q- and/or Q-olefin, I3 and/or 14 (X-H), under the acidic condition. In the case of 12 tandem 

eliminations of akoxy groups would give 13 and 14 (X-Li) under the basic conditions. During the 

iaomerixation between 13 and 14 in the maction ti the cyclixation would cccur in the conformer 148 and 

14b to produce 8 and 9, respectively. Interestingly, the cyclimtion of 14s predominated under the acidic 

conditiona, while 14b predominated under the basic conditions. Though it was difficult to clarify the f&tom 

governing the product distribution, the acid-promoted cyclization was favorable for our project. 

OBn 

12 Scheme 3 

As a hey intermediate 8 was in hat& we tried to introduce diastereoselectively dihydroxy groups to the olefin 

by catalytic osmium oxidation under VanRheenen’s conditionr3 (Scheme 4). It was diEcult to predict the 

extent of the stemochemical predominance of the resulting diol because both faces of the olefin in 8 seemed to 

be affected aterically by the neighboring groups. Unfortunately, the osmium oxidation of 8 occurmd 

predominantly at the g-face to produce 16 (58%) along with the desired isomer 15 (10%). The atemochemistry 

of the dihydroxylation were determined by the NOE meaaumment of the correeponding triaceiyl derivativea 17 

and 18. In order to disturb aterically the g-face dihydroxylation, a benxyloxycarbonyl group was introduced at 

the amide-NH group in 8 by using potassium ter&utoxide and benzyl chloroformate.The osmium oxidation of 

the carbamate 19 proceeded slowly at room temperature. After stirring for five days, only one stereoisomer 20 

was formed in 48% isolated yield (96% theoretical yield) along with the 50% recovery of 19. Although the 

configuration of the diol was not established at this stage, further deprotection reaction were carried out. The 4- 

methoxybenxyl group at the hydantoin nucleus was removed with ceric ammonium nitrate by the slightly 

modified Yamaura’s method14 in 94% yield, and then both the benzyl and benxyloxycarbonyl groups in the 
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~4th~ pmduct 21 wen hydrogenated in methanol in the presence of Pd-C. After Diaion CHP 20P column 

chtomatography followed by ctystalktion, the final pmduct 1 was obtained iu 89% yield The comparison of 

‘H-NMR (4OOMHz), Mass, IR, [orb and the herbicidal activity confirmed that the synthetic product 1 was 

idUltiCdWiththCMtUdptodnd. 
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Cbz: benzyloxycarbonyl 

Scheme 4 
a) OsO,, N-methylmorphollne- N-oxide, acetone-H 20. b) AQO, pyridlne, W-dlmethylpyridine, 

CH,CI,. c) benzyl chloroformate, t-BuOK, THF. d) ceric ammonium nitrate, CH,CN-H,O. 

e) H2 (35kgIcm’) / Pd-C (5%), CH,OH. 

In conchudon, we have established the methods for constructing a spiro-hydantoin systems at the anomeric 

position of furanose, and completed the total synthesis of (+)-hydantocidin through 6 steps in 33% overall yield 

from 2. Piily, the absolute con&uration of (+)-hydantocidin was determined as 1 on the basii of [ab 
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Experimental 

AU melting points were determined on a Yanaco micro mebiag point apparatus and were. uaconwted. lH-NMR spectra were 

recoded on JOEL GX-400, JOEL GX-270 and Varian EM 36OA qxdometfzs. Inliwed spectra wexe reoxded on a Jasco A-102 

spcdrometcx. Mass spectra were nxded on a JOm JMSD300 spectrometa. Optical rotations wese measured cm a Jasco DIP-360 

polarimetez Merck Kicsclgel60, Art. 9385 was used for SiC$ c&ma chmmatogmphy. 

Crystal Data of 9: C&+$205, Mm-394.4, orrhorhombic, P2,2121, a-9.966(1), b-20.224(3), c-10.0879(l)& U-2033.lA3, 

Z-4, Dc-l.29gcm-3, ~Culawl.5418&& ‘, F(OOO)-832, ‘T-297& Intensity data were obtained on a Rig&u AFCJR 
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3+Methoxybw#)hydantoin. To a stirring solution ofhydautoin (17.59g,175.8mmol) at&-BUOK (21.7Og, 193mmol) ia DMSO 

(15k1.t) was added 4-methoxybuql d&ride (27.538.175.gmmol) at mom kmpemtw. Afterbeillg&redfor44themixtmewes 

poundintoicawater..Thensultingsolidwascollectcdby~tratioqwashedwithwatcrandi-R~,slddriedbypauingair.‘Ihe 

cNde product was reorystsllized kom methanol to give the title lxqqnmd (35*78g, 92%) as a whik? solid. mp. 192194OC; 

IR(CHCl$ 3480, 1775, 1715, 1610coi1; NMR@OMHz, DMSO-&) 6 7.94(1H, br.s), 7.15(2H, d, J-8.8Hz), 6.76(2H,d J-8.8Hz). 

4.40(2H, s), 3.88(2H, s), 3.70(3H, s); MS n#z22O(M+), 191,176,162. 148, 136, 127,77; Anal. foundz C, 60.26; H, 5.59; N, 12.60. 

C&d. forCllH1$$03z C, 59.99, H, 5.49; N, 12.72%. 

l-A&y-3-(4-methoxybenzyl)l@antdn (4). A solution of 3-(4-metboxybaql)hydantoin (lO.Og, 45-l) in acetic anbydride 

(1ooml)washeatedunderrefluxfca15h.Thenactionmixbaewas UXlWtCatedUIKknducedpnsureandtheUUdesOlidWaS 

req&Ued from ether to give 4 (10.85g, 91%) as colourkss prisms. m.p. 115-117’C, IR(Nujo1) 1790, 1730, 1615~~~; 

NMR(6OMHz, CDCl,, 6 7.41(2H, d, J-S.SHz), 6.87(2H, d, J-8.8Hz). 4.62(2H, s), 4.22(2H, s), 3.82(3H, s), 2.52(3H, s); MS n& 

262&I+), 220, 192. 186, 162, 134,121; Anal. fd C, 59.25; H, 5.21; N, 10.37. Calcd. for C,#I,4N204: C, 59.54; H, 5.34, N, 

10.69%. 

l_(~e~~~l)~~~ (5). To a stirring solution of 3-(4-methoxybuuyl)hydantoin (60.08. 

272mmol) in THP (@JOml) were edded a solution of LiN(TMSh (LOM in THF, 3OOml, 3OOmmol) aud t-buryldimcthylsilyl chloride 

(45.15g.3OOmmol) at -6ooc. AtIer StitIing at -2Pc for 24 tlle tea&xl mixhIlt?. was poored into sat. NE&Cl aad extra&d with 

etha(x3).~~b~cxtractwas~with,dricd~~O~andevaporated.~audeproductwascrystallized~a 

ethes-hexane mixed solvent to give 5 (78.82g. 83%) BJ colourkss prisms. nep. 73-74°C; IR (CHCl$ 1760. 1700,1610, 15lOc&; 

~(6OMH.q CDCl,, 6 7.38(2H, d, J-9Hz). 6.84(2H, d, J-9Hz), 4.57(2H, s), 3.82@-& s), 3.76(3H, s), 094(9H, s), 0.29(6H, s); MS 

m/z334(M+),277,149,121; Anal. foundz C, 61.11; H.7.62; N, 8.38. C&d. forC,+-12#20$i: C.61.04; H, 7.84; N, 8.38%. 

5_z[a~3R34~~o~-~~~py~~~l~~~~(~~~o~~~)h~~~ (6) and 5-E[(2R, 3R)4 

be~o~-~_bu~e~~(4-~~o~~h~~~~ (7). To a stitriog solution of 2.3-O 

isopropykiene-4-Gbenzyl-D-thtecse 2 (46.718, 187mmol) and l-acttyl-3-(4-me~~y~l~y~~~ 4 (46.611, 178mmol) in 

dioxene (1.51) at PC was added r-BuOK (20.348, 18lmmol). After 3omin Stitring, the mixture was allowed to werm to roan 

~~andstimdfor5h.Thenthe~~wasconcentratedlmdernducedprcssure,andtheresiduewasdilutedwithwaterand 

extracted with lXlAc(x3). Tbe combined extract was washed with brine, dried (Na$O4) and evaporated. The resulting solid was 

recrystallkd from a mixture of ether-hexaue to give 6 (50.27g, 62.5%) as colourks prisms. The filtrate was concentmkd end tbe 

residue WBS chromatographed on silica gel (EtOA~hexaue 1:4) to give6 (6.84g. 8.5%) as colourless prisms and 7(11.26g, 14%) as a 

coloorless syrup. Data of 6: m.p. 119-120°C; [a],, 24 +43.9O (c-1.40. CHC13); IR (KBr) 3260. 1780, 1725, 1685, 1255cm-l; 

NMR(27OMHz, CDCL$ 6 7.86(1H, brs), 7.3-7.4(7H, m), 6.84(2H, d, J-S.SHz), 5.78(1H, d, J-3.7Hz). 4.64(1H, dd, J-8.1, 3.7Hz), 
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4.64(2H, s), 4.59(2H, s), 3.96(1H, ddd, J-4.4, 5.1. 8.1Hx). 3.78(3H, s), 3.68(1H, dd, J-4.4, 10.3Hz), 3.6O(lH, dd, J-5.1, 10.3Hx). 

l&(6)5 s); MSnyk452&f+), 437,394,361,343.260,211,121; HRMS. -452.1948. Cakd. fa C&I2#& 452.1947. Data 

of 7: [a#4 -31.5O (c-2.31, CHCl3); IR (KBr )3300,1770, 1720, 1680, 1610 au-t; NMR(27OMH2, CDCLJ) 6 7.87(1H, br.s), 7.4 

7.2(7H, m). 7.14(2H, d, J-8.8Hz). 5.55(1H, dd, J-7.7,9.X-I@, 5.47(1H, d, J-9.2Hz), 4.57(2H, s). 4.53(2H, ABq, J-121Hz), 3.93(1H, 

ddd, J-4.0, 6.2.7.7I.k). 3.76(3H, s), 3.69(1H, dd, J-6.2, 10.3Hz), 3.14(lH, dd, J-4.0, 10.3Hz), 1.44(6H, s); MB *452(M+), 403, 

394,302,286,260,122,91; Anal. fotmdz C, 66.04; H, 6.26; N, 6.16. C&d. for C#.$L& C, 66.36 H, 6.24, N, 6.19%. 

[2S,Ssl-2-Bena30amre~~~(~me~~l~~~,~~[4.q~ -7-m 0, (2s)5R)Wv 

metbgEg(~~~o~~-l~~~~~4~]~~~~7~0~ (9) and 5-benzylo~ll-(4-~~ 

bellEyr)-~~~u-9,1l~-aiursphPj7Pldodeuw-(11). 

Acid-promoted cyd&&ion of 6 and 7. (a) Dichloroethane as a sohwt in the presence of ethylene &ok B mixtuto of hydantoiu 6 

(9.OOg, 19.3mmol). ethylene glycol (1.87g, 30.4mmol) attdpTsOHH20 (0.9Og, 4.73mmol) in dichIometbaw (8OOml) was heated 

undanfluxfor2h.Themixtunwaswarhedwithwataandbrine,dried~~).E~ofmcsohremundcr~ 

pressure and chmmatography of the residue (EtOA~hexane 1:3) gave8 (3.14g, 40%) as whitk needles, 9 (l.l4g, 15%) as colomkw 

prisms and 11 (0.07g,O.8%).as a white solid. Data of II: mp. lOl-103oc; [ah= -145.1’ (c-1.03, C&OH); JR (KEk) 3360, 1790, 

1730, 12Xkm-1; NMR(27OMHz, CDCQ b 7.4-7.2(7H, m), 6.83(2H, d, J-8.8Hx), 6.25(18. dd, J-1.5, 5.9Hz), 5.72(1H, bf.s), 

5.70(19 dd, J-2.2,5.9Hz), 5.15-5.05(1H, m), 4.53(2H, ABQ. I-12.8Ha). 4.53(2H, ABq, J-11.7Hx), 3.78(3H, s), 3.67(1H, dd, J-2.9, 

10.6Hz). 3.53(1H, dd, J-2.6, 10.6Hz); MS n/z 3940, 364, 334, 288, 273, 211, 91; HRMS. found: 394.1535. Calcd. for 

C#.&05: 394.1529. Data of 9: m.p. 92-94T, [a]D 25 +27.&= (c-1.12, CHCl.$ W (KBr) 3250, 1785, 1725, 125W~l; 

NMR(27OMHz. CDC13) 6 7.40-7.25(7H, m), 7.32(2H, d, J-8.4Hz), 6.35(1H, dd, J-1.5, 5.9Hz), 5.95(1H, br.s), 5.64W-L dd, J-2.2, 

5.9Hz). 5.25.1(1H, m), 4.59(2H, s), 4.56(2H, AJ3q, J-12.1Hz), 3.77(3H, s), 3.69(1H, dd, J-7.3,9.9Hx), 3.57(1H, dd, J-5.5,9.9Hx); 

MS m/z 394(M+),364,334,288,273.211,121,91; Anal. fotmdz C, 66.81; H, 5.60, N, 7.08. Cakd. for C&&205: C, 67.00, H, 

5.58; N. 7.10%. Data of 11: m.p. 111.5-120.S°C, IR (Nujol) 3210, 3100, 1760, 1725, 1690, 162tkmt; NMR(27OMHz, CDCl3) 6 

7.36-7.25(7H, m), 6.83(2H, d, J-8.8Hx), 5.85(1H, br.s), 5.85(1H, t, J-8.4Hz). 4.62(2H, s). 4.56(2H. s), 3.95(4H, s). 3.76(2H, s), 

3.37(2H, s), 2.59(1H, d, J-8.4Hz); MS n/z 438&l+), 394, 317, 193, 121, 91; Anal. found: C. 64.11 H, 5.76; N, 6.26. C&d. for 

C&$&06: C, 65.75; H, 5.93; N, 6.39%. 

(b) Dichloroethane as a solvent in the ahww of ethylene glycol: B mix- of hydantoh6 (9.OOg, 19.3mmol),pTsOHH20 (0.9Og. 

4.73mmol) and molecular sieves 4A (9.08) iu didbroetbaue (8OOml) was heated under r&u for 2h. The same workup as desaibed 

abovegave8(3.96g, 52%)and9(2.29g,30%). 

(c) Chloroform, benzene, acnxdtrile and tetrahydrofurane m sohwt: Each solvent system was used in the same mauaet as dcs&bed 

above and results ate given in Table 1. 

(d) Cyc&tion of 7: a mixture of hydantoin 7 (52.4mg, O.l16mmol), pTsOHH$l (lOmg, 0.052mmol) and mokculat sieves 4A 

(O.lOg) in dichloroethane (S.Oml) was stirred at room temperamte for 20h. ‘I& same workup as described in (a) gave8 (17.7mg, 38%) 

and9 (10.5mg, 23%). 

5-[~3~4~~lo~-~~~-l~bo~~~e~~lo~]b~~-~(~~~o~~~~~~(12). Toastittingsolutionof 

hydantoin 5 (19.228, 57.46mmol) in THF (5OOml) at -78oC were added LiN(TMS)L (l.OM in ‘M-IF’, 57.5ml, 57.5mmol) and &a 

3Omiq a solution of the aldehyde 3 (9.85g, 51.25mmol) in THP (25ml). AtIa 2Omin stirring, the reaction mixtme was pouted into sat. 

NH& and extracted with ether (x3). The combined extract was washed with briue, dried @a$Od aud ~lmdetreduced 

pressure. The resulting residue was chromatographed on silica gel (EtO~hexanc 1:3) to give 12 (25.569,95%) which consists of 

four diastweomers. HPLC analysis (Lichrosorb Si60, flow rate, f.Oml/mi& EtOAc-hexanc 1:3 as eluent) of l2 indicated each 
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x&mtion AIM as 7.96,9.56, 11.77 and 14.47min which am mn&xed as l2a4 rcspdvely. The rado of l2acl2b~l2cd2d wm 

4.5:1:32:1. Aftcx flu&a pudficadon by silica gel dnumatography (Bt0A&exaDc 1:3), the mix!nre wlb sepaW!d into fom 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *K 

NMR(27OMHz, CDC& 8 7.40-7.31(7H, m), 6.83(2H, d, J-8.4Hz). 6.08(1H, br.s), 4.68-4.49(4H, m), 4.33(1H, dd, J-1.8, S.SHz), 

4.08(lH, d, J-l.SHz), 3.8O(lH, d, J-6.2, 10.3Hz), 3.78(3H, 8). 3.69(1H, dd, J-5.1, 10.3Hz), 3.26(1H, ddd, J-3.7, 5.1, 6.2Hz), 

2.95(1H, dd, J-3.7, SSHz), 0.76(9H, s), O.O2(3H, s), -O.O6(3H, a)); IR(CHCQ 1785, 1720, 1610, 14%~‘; MS nyk Sll(M+-15), 

469, 361, 211, 121, 91; Anal. found: C, 63.63 H, 7.16; N, 5.21. Calcd. for ‘&H3$+6Sk C.63.85; H, 7.27; N, 5.23%. lH- 

NMR(27OMHz) ofl2b: 6 7.40-7.31(7H, m), 6.8O@H, d, J-8.8Hz), 5.07(lH, br.s), 4.57-4.30(4H, m), 4.07(1H, br. d), 3.76(3H, a), 

3.71(1H, 4 J-2.4, 8.1Hz), 3.663.57(2H, m), 3.6O(lH, q, J-4.4&), 3.29(1H, dd, J-4.4,8.1Hz), 0.78(9H, s), O.O7(3H, s), -O.S(3H, 

s). *H-m (27OMI-k) of l2c 6 7.37-7.30(7H, m), 6.81(2& d, J-8.4Hz), 5.75(1H, br.s), 4.61-4.49(4H, m), 4.18(lH, d, I-2.4Hz), 

3.89(1H, dd, J-2.4, 7.2Hz), 3.76(l(ry dd, J-4.4, ll.OHz), 3.75(3&s), 3.6O(ly 4 J-5.8, ll.OHz), 3.23-3.16(2H, m), 0.81(9H, s), 

O.O2(3H, s), -O.O1(3H, 8). *H-NMR (27OMHz) of W: 17.367.28(7H, m), 6.83(2H, d, J-8.8Hz). 5.81(1H, br.s), 4.60-4.47(4H, m), 

4.07(lH, d, J-2.8Hz). 3.94(1H, 4 J-2.8,8.2Hz), 3.78(3H, a), 3.70(1H, dd, J-5.8, 10.7Hz), 3.56(1H, 4 J-S.0, 10.7Hz), 3.27(1H, 

ddd, J-4.2,5.0,5.8Hz), 3.OO(lH, 4 J-4.2,8.2Hz), 0.80(9H, s), O.l0(3H, s), -O.O2(3H, s). 

Base pmnmoted cyctinbbn of 12. To a stirring solution of epaxy-aI-1 l2 (33Omg. 0.626mmol) in TEE (2Sml) was added 

WI(-l-MSh (1.OMin~,1.3~1.3mmol)atOoC~the~~wesstinedattoom~~f~1Oh.The~~mixtun 

was~into~~,acidifiadwithdilutedHCI~thenwrtrsctcdwithcthct.’Ihe~~cxrractwaswasbed~~aod 

brine, d&d (Na$o4j and txmc&Wdunderredncedpwsun.ThensultiDgrcsiduewaschmmatographsdonsilica&el(EQA~ 

hextma 1:3) to give8and9 (133.lmg, 54%combi~dyield, 8~9 -1:2 w)). 

One pot synthesis of8 and 9 fkom 3. To the &ring solution of 3 (242.5mg. 0.46ommol) in THP wese added LiNm (l.OM ia 

THF, O.SSml, 0.85mmol) aud after 3Omi4 a solution of5 (0.87M in THF, 0.92ml, O.%Ommol) at -78oC. Aftet sdrtiq fcx 3Omin, 

J_iNmh (LOM in THP, 0.851x& 0.85mmol) was added to the reacdon mixtute, and solution was stirred at PC for lh. The reacdon 

mixturewaswotkedupasdesaibedabovetogive%and9(74mg,41%combiaedyield,8:9-1:2~~~)). 

[2~3S;4~5sl-2-Be~~a~~~(~~~l~3 &ubj&ny-l~xa~piro[4.4]lwnatIe-7,9dione (Is) and 

[2R,3R#S,5Sjlomer (16). To a solution of8 (1.57g.3.98mmol) incBuOH-acckmc (23) (25.5ml) were. added 0s04 (O.lOg) and a 

solution of kuethylmorpholitl--N (1.20& 8.71mmol) iJl acetone-watcx (1:l) (20.4ml). The mixture was stimzd at room 

~for24handthnN~4(1.2og)wasaddad.Afterthemixhlnwasstirndf~3omin,celitc(4.Og)wasaddedandthm 

fiked. The filtrate was concentmkd and the x&d= was pmified by silica gel ckanatography @tOAdc.xmc 1:l) to give 15 

(28Omg. 10%) as white ncedk and16 (1.638,58%) ss white. ties. Data of 15: lap. 82.5-84.O”C; [0r]$4-1.18~ (c-1.56, CHCl& 

IR (KE3r) 3450, 1790, 1720,1250cm~1; NMR(27OMHz, CDCl$ 6 7.45-7.20(7H, m), 6.83(2H, d, J-S.SHz), 5.85(1H, br.s), 4.58(2H, 

s), 4.52(2H, s), 4.38(2H, m), 4.33(1H, d, J-12.1Hz), 4.14(1H, ddd, J-1.45.4, 12.2Hz), 3.77(3H, s), 3.60(2H, d, J-l.OHz), 3.06(1H, 

d, J-8.8Hz), MS e 428(M+), 136, 121; HRM8. found: 428.1571. Calcd. for C$#fi428.1584. Data of 16: m.p. 125.@ 

126.5oC; [cc]Dz4 +19.21° (c-2.28, CHCl3); JR (KBr ) 3520,3250,1785, 1725,125O cm-‘; NMR(27OMHq CDCl,, b 7.45-7.25(7H, 

m), 6.81(2H, d, J-8.8Hz), 6.25(1H, br. s), 4.55(4H, s), 4.44(1H, t, J-4.4X-X2), 4.36(1H, dt, J-4.4, 9.8Hz), 4.3O(lH, t, J-4.4*), 

3.76(3H, s), 3.75(2H, d, J-4.4H). 3.61(1H, d, J-9.8Hz). 3.58(1H, d, J-4.4Hz); MS n&428@), 317,248,220,121; Anal. found C, 

61.58; H, 5.67; N, 6.54. Calcd. forC&I,#fi C, 61.68; H.5.60; N,6.54%. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7,9d&me (17). A 

solutiar~ of talwhol 15 (118.lmg, 0.27&nmol), pyridi~ (O.lQnl, 1.93mmol), 4-!Wdimethylamino~ (34.Omg, 0.079mmOl) 

and acetic anhydride (O.l8ml, 1.93mmol) in acetoni&ile (2.4ml) was stirred overnight at room tempu’ature. The reaction mixtme wss 



Synthetic studies on (+)-hydantocidin-I 
2119 

tka~dilutedwithethet aadwashsdwithdilHcI,wataaodbrine.~dyine(NqsoQ)~eMporatlonafthe~~the 

resulting residue wss chromstogtaphed on silica gel (EkO~hexfu= 3:l) to afford 17 (93.8mg. 62%) w s col,outkss syrup; [a@4 

+70.69O (c-1.16, CHCl3); JR (CHCQ 1800. 1740, 1720, 1610, 1510, 1445cnrt; NMR(27OMH2, CDCQ 6 7.34-7.28(7H, m), 

6.84(2H, d, J-S.SHz), 5.62(1H, d, J-7.2Hz). 5.36(1H, dd, J-7.2, 8.5Hz), 4.73-4.66(1H, m), 4.62-4.50(4)5 m), 3.7&3.67(2H, m), 

2.57(3H, s), 2.08(3H, s), 1.84(3H, s); MSn@ 5540,511,448,405,121.91;HRMS. foundz 554.1909. C&d. fa C&13&01,j 

554.1910. 

W..3W.WW-Be~WmeW-W-metJm X@M@)-3&lkC&O~-loxn-6 &dbqin$4.4@0-7,9dione (18). A 

alcohol 16 (299.8mg. 0.7OOmmol) wss scctylstcd in the ssme mauncx 110 da&bed above to yield 18 (245.4mg, 63%) ss a colourlcss 

syrup; [a]D24 -19.15’ (c-2.26, USC&; IR(CHC& ) 1800. 1740, 1610, 1510, 1435, 141-l; NhIR(27OMHz, CDCl3) 6 7.35 

7.27(7H, m), 6.85(2H, d, J-8.8Hz). 5.68(1H, dd, J-5.0, 6.8Hz), 5.5O(lH, d, J-6.8HZ), 4.72(1H, dt, J-5.0, 7.OHz). 4.62(lH, d, 

J-12.2H.z). 4.62(2H, ABq, J-14.5Hz), 4.45(1H, d, J-12.2Hz), 3.81(lH, dd, J-7.0,10.5Hz), 3.79(3H, s), 3.74(1H, dd, J-5.0,10.5Hz), 

2.49(3H, s), 2.13(3H, s), 1.98(3H, s); MS OJZ 554(?vf+), 511, 405, 121, 91; HRMS. foundz 554.1895. C&d for C&J3&0,~ 

554.1901. 

[2~5~~~~~~~~(~rne~o~~~l)~~~o~~-l~~~~~[4~~~~7~~ (19). 

To a solution of8 (6.5Og. 16.48mmol) in THP (325m.l) wss sdded f-BuOK (1.94g,17.29mmol) at O°C snd the mixture wss stirmd for 

5 min. A solution of chl~lformste (2.8mi. 19.7mmol) iu THF (3Oml) wss sddcd and the result@ mixtum was stiaed at OY 

for20minandatr.t.fot40miaAftadilutedwithE(OAc,tbe~~waJwashedwithwatcrandbrine,dtied(Na2S04),artd 

concentrated. The rezmltiag residue wss chro~gmphcd at silica gel (EtOA&exane 1:2) to give. 19 (8.45&97%) ss white needles; 

m.p. 97.0-98.0°C, [a]$ +8.96” (c-0.40, CH30H); JR (KBr) 1835, 1735, 1240car1; NMR(27OMHz, CDCld 6 7.40-725(12H, m), 

6.83(2H,d, J-8.8Hz), 6.32(1H,dd, J-1.5,5.9Hz),5.69(1H,dd, J-2.6,5.9Hz),5.3-5.2(1H,m),5.19(2H,ABq, J-12.1Hz),4.63(2H,s), 

4.47(2H, ABq, J-12.1Hz), 3.78(3H, s), 3.56(1H, dd, J-7.9, 10.3Hz). 3.48(1H, dd, J-4.8, 10.3Hz); MS I& 528(M3,498,422,393, 

335.211,121,91; HRMS. foundz 528.1898. Cslcdfot C&&O,: 528.1896. 

[~3~4~ssl-Be~~-(~e~o~~~)~~~o~~-3~~~-1~~~~~[4.4]~- 

7,9dione (20). To a solution of 19 (19.37g, 36.6mmol) iu acetone (250ml) were added 0s04 (l.Og) aud s solution of Ilr 

methylmotpholin+oxide (4.72g, 40.3mmol) in~BttOH-y0 (l:2,108ml). The mixture wss stiued st room temperature for five days 

and that Na&04 (12.7Og,72.9mmol) wss added. Aftet 2Omin stitriag, the. mixture wss i&ted through C&e. Evspomtion of the 

solvent and chmmstogmphy of the residue (EtOA&cxsne 2: 1 then 1: 1) gave 20 (9.85g, 48%, 96% thecxeticsl yield) ss a white solid 

with recovery of the stsrting mstetisll9 (9.66g, 50%). Data of u): m.p. 106.0-107.OoC, [a]$ +3.66’ (c-0.30, CH3OH); JR (KBr) 

3350, 1805, 1750, 1725, 1245~1~~; NMR(27OMHz, CDCld 6 7.4-7.2(12H, m), 6.83(2H, d, J-8.8H.z), 5.28(2H, s), 5.14(1H, dd, 

J-6.6, 8.8Hz), 4.63(2H, s), 4.C4.5(lH, m), 4.50(2H, ABq, J-12.1&), 4.32(1H, d, J-8.8Hz), 4.10(1X-I, ddd, J-1.8, 6.6, 12.4Hz), 

3.78(3H, s), 3.59(1H, dd, J-2.9,6.6Hz), 3.54(1H, dd, J-2.9,6.6Hz), 2.98(1H, d, J-8.8Hz); MS* 544(M+-18). 454,410,363,348, 

320,162,121,91; Anal. found: C, 64.36; H, 5.52; N, 4.98. Calai. forC&&O,j C, 64.05; H, 5.38; N, 4.98%. 

[2~3S,#~~-t-Be~o~e~yl~~~~~~-3~~-l~~~~~~p~[4d]~~7~~ (21). To a 

soluticm of axic ammonium nitrate (37.57&68.53mmol) in wsta (69ml) was added 20 (2.57&4.57mmol) in acctoniirilc (138ml) at 

room tempemmte.. A& stirring for 2&n& the mixtum wss diluted with EtOAc (5OOml). wsshed with brine and dried (Na$O4). 

Evaporation of the solvent and chtomatogmphy of the tesidue (EtOAc-husne 1:l then 21) gave 21 (1.8%. 94%) ss a white 

smotphous solid, [aID= +6.20° (c-0.58, CH@H); JR (CHCl$ 35W3300, 1730, 1600, 1290, 1270, 1120~~~; NMR(27OMHq 
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CD@D)6 7.5-7.2(1OH, m), 5.23(2H, ABq, J-12.1Hz), 4.91(lH, d, J-6.8&), 4.47(2H, s), 4.39(1H, ddd, J-4.0,4.8,6.4Hz), 3.98(1H, 

dd, J4.0.6.8Hz). 3.54(lH, dd, J-4.8, 10.5Hz), 3.47(1H, dd, J-6.4, 10.5Hz); MS nyt442(M+), 423,397, 354,333, 245,205, 129, 

107. 

Cw,*51-~ 4.4~7$‘dtOne (1) A solutian of 21 (9.728, 

22.2mmol) and ptic (5%,4@) ifl ItlCthlol (3OOllll) WBS h&Cd at 55OC under hyhgell armoaphcn (3.0k8/C&) for 6h Afta 

filtrationofthemixtum,rhefiltmtewascxmcwmw underrcducedpressum. Ckomatographyoftheresiduea~DiaionCHP-20P 

(Water) and aystallLation h acetone gave 1 (4.278, 89%) as cohrkss @mu; m.p. 188.0-180.5oC, [ab23 +28.%* (c-0.62. 

H2G); IR (KBr) 3700-2800, 1780, 172Ocm-I; NMR(4OOMHz, D+) 6 4.21(lH, a, E5.8Hz), 4.15(lH, d&l, J-3.4, 3.9, 4.9Hz), 

4.03(lH, dd, J-3.9.5.8Hz). 3.59(lH, dd, J-3.4,12.7Hz), 3.49(1H, dd, 14.9.12.7Hz); MS ny!z219(M+l), 187,171, 141, 129, 116, 

100,86,73,57; Anal. found C, 36.41; H, 4.66; N, 11.70. Cakd. for C,H&G6+3/4H2G): C. 36.29, H, 5.00, N, 12.09%. 
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