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Abstract - Both the naturally occurring enant1omer and the racemate of monocer1n 
[la, ~2~~9~_)-2,3,h,9b-tetrahydrod-h~7,~~me~-2-pro~l-S~-furot3.2- 
~1[2lbenzopyraIl-5-1 were synthesized for the first tmkz. 

Introduction and Retroeynthetic Analysis. Monocerin (la) was first isolated by Aldridge 

and Turner as an antifungal metabolite from culture filtrates of Exerohilum monoceras 

Drechsler (= Drechslera monocerus = Helminthosporium monoceras), which protect wheat 

against powdery mildew (Rrisyphe graminis).' Subsequently, Grove and Pople indentified la 

as an insecticidal constituent of the entomogenous fungus Fusarium larvarum F'ukel.* -- 
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Fig. 1. Retrosynthetic analysis of monocerin 
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Phytotoxic property of la was later reported by Robeson and Strobel, who identified la as 

a phytotoxin produced by Mserohilum turcicum Pass.3 The stereochemistry of moncwx rin as 

depicted in la was proposed on the basis of chiroptical and 'R NMR studies.2r4 

Biosynthetic studies of la revealed it to be of heptaketide 0rigin.l Herein we describe 

the first synthesis of both the racemate and the naturally occurring enantiomer of 

monocerin. 

Cur retrosynthetic analysis of monocerln (la) is shown in Fig.1. The la&one ring 

of la is to be constructed by cyclizing A under the Mitsunobu condition5 with an inversion 

at C-4. The hydroxy acid A can be derived from B by oxidatively cyclizing the side-chain 

and also introducing a carboxyl group to the aromatic ring. Two building blocks C and D 

are to be assembled to give B. The aromatic building block C is readily available from 

3,4,5_trimethoxybenzyl alcohol E, while ethyl 3-hydroxyhexanoate P can be employed for the 

preparation of D. The natural enantiomer of monocerin (la) can accordingly be prepared 

by starting from (g)-P. 

Synthesis of (t)-Uonocerin. The retrosynthetic analysis as described above was put into 

practice first for the synthesis of (*:)-monocerin as shown in Fig.2. 3,4,5-Trimethoxy- 

benzyl alcohol (2) was converted to the corresponding chloride 3 by treatment with thionyl 

chloride in ether. Reaction of 3 with sodium thlophenoxide in DMF furnished 4 (=C) in 83 

% yield from 2. Another building block (*)-8 (=D) was prepared from ethyl 3-oxohexanoate 

(5). Reduction of 5 with sodium borohydride gave a hydroxy ester (t)-6a, which was 

converted to the corresponding&-butyldimethylsilyl ether (t)-6b. Treatment of (i)-6b 

with lithium borohydrlde in the presence of a small amount of lithium triethylborohydride 

gave alcohol (i)-7a. The corresponding tosylate (i)-7b was treated with sodium iodide to 

give the desired building block (t)-8 in 59% overall yield from 5. 

Alkylation of the sulfur-stabilized carbanion derived from 4 with (i)-8 furnished 9 

in 92% yield. At this stage, we thought it appropriate to substitute one of the two 

aromatic hydrcgens of the tetrasubstituted benzene ring with a bromine atom to facilitate 

the later introduction of a carboxyl group to the aromatic ring. Reaction of bromine 

with 9 or the sulfoxide derived from 9 was examined under various different conditions. 

The condition finally adopted was to treat 9 with 4.7 eq of bromine in the presence Of a 

large excess (60-70 eq) of sodium acetate in acetic acid to giveloa. Substitution of 

the phenylthio group with an acetoxyl group under that condition was not unexpected, 

because Kwart and Miller had recorded a similar reaction (a + b + c).~ In our case, the 

intermediary bromide (9, Br instead of SPh) could not be isolated, because an excess of 

sodium acetate was present in the reaction mixture. Without purification 10a was 

saponified with methanolic sodium hydroxide to give lob in 85% yield from 9. The 

corresponding mesylate 1Oc was treated with DBU to give an olefin (i)-lla In 80% yield, 

whose E-geometry was supported by its 'El NMR analysis. 

There were two possible routes to continue the synthesis: whether to introduce the 

carboxylgroup priortothe closure ofthetetrahydrofuran ring or vice versa. As the 

earlier introduction of the carboxyl group turned out to be disastrous at the stage of the 

tetrahydrofuran ring-formation, we decided to execute the cyclization first. After 

removing the &-butyldimethylsilyl protective group of (*I-lla, the resulting (*I-llb (=B) 

was successively treated with m-chloroperbenzoic acid and boron trifluoride etherate to 

give a diastereomeric mixture of (*l-12 in 80% yield. Metallation of (i)-12 was achieved 

by treating its THF solution with 2.3 eq of n-butyllithlum. The resulting dianion 

reacted with carbon dioxide gas to give a diastereomeric mixture of the desired product 

(*I-13 together with 17% of (*)-II. The by-product (i)-14 could be recycled to give back 

(*I-12 in three steps in 82% overall yield by successive acetylation, bromination and 

hydrolysis. 

The ring-closure of a diastereomeric mixture of (*)-13 under the Mitsunobu condition5 
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yielded a separable mixture of an oily and a crystalline 6-la&ones. The more polar and 

crystalline lactone obtained in 31% overall yield from (i)-12 was shown to be (i)- 

monocerin metbyl ether (lb) by comparing its 'Ii NMR spectrum with the published data of 

the methyl ether derived from the natural product.' The yield of the oily C-2 eplmer (t)- 

15b wae 38% from W-12. Finally, partial demetbylation of (*)-lb with boron tribromide 
gave (*I-monocerin (la), m.p. 78.5-80.0DC, in 84% yield. Its 'H NMR spectrum was 
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Fig. 2. Synthesis of (A)-monocerin 
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identical with that of the natural product. Similarly, partial demethylation of (t)-15b 

yielded (i)-2-epimonocerin (1 Sal. The overall yield of (*)-la from 2 was 9.4% in 12 

steps, and that from 5 was 7.4% in 15 steps. 

synthesis of (+)-Uonocerin. For the synthesis of the natural (2s,3aRR9bR_)-(+I-enantiomer 

of monocerin (la), the (g)-enantiomer of ethyl 3-hydroxyhexanoate (6a) was necessary. 

Fig.3 shows our synthetic route leading to (+)-la starting from @I-6a. 

Cur first attempt to prepare (Sk6a was the reduction of octyl 3-oxohexanoa te with 

baker's yeast.cf'7 However, octyl 3-hydroxyh exanoate obtained in 36% yield by the yeast 

reduction of the 6-keto ester was shown to be of only 54% e.e. The attempt was therefore 

abandoned. 

Cur second and successful attempt was the conversion of (2)~norvaline (16) into (S)- 

6a. The a-amino acid (S)-16 furnished epoxide (S)-20 in 36% overall yield ahydroxy 

acid (51-17, diol (s)-18 and acetoxy bromides 19 and 19' in the same manner as reported 

previously for other amino acids.* Treatment of (s)-20 with sodium cyanide in 40% aqueous 

ethanol yielded 6-hydroxy acid (s)-2la.*" Although (S)-18 of 94% e.e. was employed in 

this transformation, the resulting (S)-21a was of only 76% e-e., indicating the ocm 

of the partial racemization in this step. The acid @I-21a was therefore purified by 

recrystallizing its dihenzylamine salt @I-21b according to Tai and his co-workers.1o The 

acid (g)-21a was liberated by acidifying @)-21b, and esterified with ethanol to give (g)- 

6a in 45% overall yield from @j-20. The enantiomeric purity of @)-6a was estimated as 

98% e.e. by the HPtC analysis of its (RI-a-methoxy-a-trifluoromethylphenylacetate (MTPA 

ester)." 
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With (S)-6a in hands, the remaining synthetic steps to (+)-monocerin (la) were 

executed without accident J& @-8 and (g)-llb as shown in Fig.3. Roth optically active 

15b and lb were obtained as oils. Finally, partial demethylation of (2g,3a&9bE)-lb 
yielded (2&3aRd9bR)-(+)-la. The synthetic monocerin (la) was identical in every respect 
(m.p., [aID, IR and 'H NMR) 'with an authentic sample provided for us by Dr. D. C. 

Aldridge. The overall yield of (+)-la was 6.6% in 14 steps from (g)-6a or 7.9% in 12 

steps from 2. 

In conclusion the synthesis of (it)- and (+)-monocerin was achieved for the first 

time. 

phayl 3,4,5-tri~ 1 sulfide c A soln of 3,4,54ri ~lalmhol~25gI 126mnKll) andthimyldllaruS 

(23 5 193 mmol) in dry cuss nO0 ml) wan atirred for 3 h lndsr refluw, 8d ancmtnte5invaar*~residw3was -- 
addedtoaeolnofthaSaliumSaltof ~lrprsparedflum bfm=MMol(17p. 154mmol) andacdiumhydride Lx. 60 

*, 5.l g,128 mual indry m4F (loo ml) at- tems =llIe mixtucewasstirrelfcc2hatmomtemp,parredintovater 

oO0 ml) @atract& with e TM extract was washed with watar, satl3aRo3j eoln and brim, dried 04gW4). axl 

lxa%Itntiinwaon,'Iharea*ras -- ~ieedfrmll _+bsaeeyl acetate (4:l) to give 343 g (831) of 4 as 

plates, m.p. 76.5-77.O*C1 "maw (CKC13 eoln) 1585 (~1, 1495 (s), 1450 (8). 1235 (61, 1120 (6) cm-l, & (6OMRz. cDc13) 3.71 

(6% 61, 3.75 (3% 81, 3.96 (ZR, s), 6.40 (ZA, ~1, 7.20 (5% m). (Found: C, 65.94; A, 6.25. Calc for C16A1803S: C.66.181 

A, 6.25U. 

s (f)-3wte 6. 'pb a etirred and cooled aoln of 5 (26 g# 164 mmol) in 95% ethanol (Yxl ml) was added 

tiiaaa wrwaarim of aD5ium bomhvdride a0 a, 793 mmo1) in 95% ethalwJ1 (la, ml) over 30 msn at O-10% lb this was _- 
added cat txQQ moln WJO ml) ad the nixt.uM wan -iA with 2R Iicl. ‘Ihe mixtIme waa -tdinVWlVd -- 
eeracbd with ether (W m1x 2). Ihe e.xtnct waSwaShedwithSatTaIiW3Elolnanlbr~ dried ol9W4LandLmcem~ 

in ~aaa !lbe reai&e wan &stilled to give 22.2 g (851) of 6a, hp. 73.0-75.0°C/6 l'brr (liL12 aP 83-85'C/lO 'lb&; n&7 -- 
l.42308 - 3460 0x.s). 1730 (a), 1180 (8) cm% 6 @Onis Wl4) 0.70-LlO (3R. ml. l.23 (3R. L H AeL 1.20-160 (4% 

m), 2.36 (2~. d, 5-6 AZ.), 3.16 (1A. d, J-4 RB), 3.65-4.10 (1A. m). 4.05 (2A. 9, J-7 AZ). 

s exi-t+utyldbealyL3ily1~te 6b Ib a mixbxe of t-tutyldinahy1 chlorosilane 

im~e(93g,135nmol)waaaddsdaaolnof6a(98g,613mnol)indryDllF(Wnl). 

(14.0 g, 923 rnmol) and 

'lbmixturerasstin&for15h 

at-am~ IhemixturewaspDIwdintnica-water CEO ml). and errtracts with ethar (loo ml x 2). l¶le extract was 

raahed with S¶twALq mln Mdbrine. dried cMgW4,. Md cux!en~a~invaalD. llleresialewMdistilledtogive14.6g 

(871) of 6b, b.p. 83.0-87.0°C/3 'Rxri nd8 1.42831 "maw 1745 b), 
-- 

1260 (s), 1185 (8) cm-l, 8 (60MHz. CC14) 0.03 (65% 81, 

0.84 (9A. 61, 0.70-1.00 (3A. ml, 1.20 (3A. t, J-7 Rz), 1.15-1.50 (4% m), 2.27 (2s. d, J-6 Ae), 4.02 (ZA, 9, J-7 Hr.), 

3.90-4.20 (1A. m). (Found: C, 61.181 A, 10.92. Calc for Cl4H3003S1: C, 61.26; R, 11.02%). 

eH-t-nltyldimethylSilyloxy-lila¶ml7& ToaampenaiaIoflithiulnhorchyrPide al cr. 50.5 mm011 in dry etbr (120 

ml) was addad a mln of (ibe (lz0 a. 43.8 -11 in dnr ether (20 ml) at rccml tarn0 lndar Ar. Ilha to the mixture wa* 

&i&d lithium triethyl.bD&@& (l~-in'DiF,4.lml, &mmol)Mdthemixtura&stirredfor3hunderrefluw. After 

moling.sst~Clsoln(2uml)wasaddedtothe Inixtunandthewtirringwaaam~for3OminatroDmtemplllmthe 

mixtwre was pxred into eat M4Cl aoln (1W ml) and srtractsdwithether. lM Eaeract wan washed with !xine, dri& 

tM304L ax3 anaatrated in cacao. 'IBe randue wan distilled to give 9.3 g (ml oh 74 & 825-83.5'C/2 'Ibrri I# 

L43541 vmax 3350 era), xx0 (s), 1070 (a). 1040 (8) cm-11 6 (WNRG ax4) a05 (6R. S), 0.88 (9% EL 0.70-la0 oH# ml. 

1.10-1.80 (7H. m), 3.55 (ZA, t, J-6 Hz), 3.50-3.95 (la, m). (Found: C, 61.801 R, 11.69. Calc for Cl2A28028i: C, 62.01; R, 

12.14%). 

(t)-3-t-Ratyldim&hylsilylowy-1-v E lb a win of H-A (9.0 g, 3S.7 mm011 in dxy w (12 ml) waa &¶ed a 

solnof@ol wnmulfayl chlride (8.85 g, 46A mmol) in dry py&%m (20 ml) at O-5% After etirrin9 fat 3 h at O-5*C, 

Hlemixhn-ewaspcaedintoSatqClaolne3Oml),and eseaeed withether. nwleatract wa# waehad with Sat aSO mln, 

fJattaWO3aolnana~dried(MgSO4),and cmcantnted in vaaw to give au% (*)-7b# - 1360 (S), 1175 (8) cm-l ltbe -- 
J.FSi&BwZ4Sdi#Wlvedinacstcne MO mlLlbaiS aoln wan adibd WI (54% 360 mm011 and ralHa+ (30.3g, 3&1mmol).llle 

mixturewasstirredfor2h~refluw. Itwas- mncmtratti inweu~ paxed intowatsr (300 ml) an5extncblwith 

ether.ltleextract "an waamd withlcnba2Szo, solnandti dried cMgW4,, aul cxncera~~vannIharsaid.Inwaa 

ar0nabgraEaE.T ovaz "1% (100 9). mutim with -@lawaIm -1L3 g (8%) of 8 ae a wlorlese oil~l.4700; umax 1220 

fin) 1070 (9) cm-% 6 (6OnAw. CCl4) 0.07 (61%. S), 0.86 (9R. S), 0.73-1.10 (3R. m), 1.10-1.53 (4R, n), 1.73-2.12 (2". m), 
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3.12 (2A.t. J-7 Hz) 3.46-3.85 WI, m). (pound: C, 42.118 A, 7.9O.Calc for C12A27102Si: c, 42.108 H, 7.956). 

&_ mixture of l-~4-t~~~~lcilY~l~l~l~-3,4,~~ 3. Tb a S&l of 4 (9.6 
g# 33.Ommcl)indrynnuOOm1)wasaadq-SuLiu9I4in rrhgarrt 30 ml. 47.7 maul) OPQ 1 h at -2O-lO*C & 6r. 
Aftar etirring for lh at-20°C, totbis rdxiaxa WM addada mlnuf W-S W.Og, 3W ma011 indxy l?W (50 ml) ornrlh 
at -2O-1O'C. ltm mixtwo WM stirred for 2 h at -2O'C. pamd into ice-water (X0 ml) and aeactadrith~~ 
eatractr&3washsdrithlximand ~talinvaan. Iharasidlwwar,chrvma~#mdcvar8iq(2OOgL Sluticmwith 
+aaweayl eAcatati (1O:l) gave 15.3 g (92w Of 9 as a ODlcalws oil. I$5 151%; vmax 1590 (8). 1510 (a), 1460 (m), 
1240 (s). 1130 (a), 835 (s), 775 (01 a~& 6 (100M~e. COCl3) 0.05 t6Ff. s), O.S7, 0.88 (total 9R, each 8). 0.6S-1.00 (31x, 
m). l.lO-L55 (6H. ml, 1.78-207 (2H. IO), 3.50-380 (1Ii. m) 3.80 WA. EL 384 (3Ii. 8). 3.99 (1R. t, J-7 Ra), 6.37, 6.38 
(total 2A. d s), 723 (ar. m). tPamd: c, 66.631 A. a79. cak for c.gd4ssi: c. 66631 R. a72a). 

6 -8ric IThture of -_ 1-t 2-kaw-3,4,5-txi~ l)-4-t-butYldim~lnilYl,ny-l~l lab 'Ibavigxclm1y 

Burrsd auspmaicn of 9 (1M g, 198 mm011 and an&Wow sodium amtat UOg, 833 mmcl) inacatic acid (300 ml) wa9 ad&d 
a aclncf taomine (15.5 4.97 mmol) inacetic acid (15 ml) cver10minatroDla temp. Tim mixture was vigaou,yly ntixrad 
for 2 h, pxrad intnice-cccl~¶ 2N13oR EC0 ml) ardnautralizedrith ~OIUU lhQl the mixture wan ereaead with m 
magtractraswhadwiullcmNnzszqaol& MttaHqeclnandb&le,dried(klgSO4),and caxxeratadinvacm.Tbthis _- 
residue "an adbrda eclncf~ (5 g.125 mmc.1) in meuranOl(150 ml) at room tslnp After &ix&q fez 1 h, the dxturm 
wasconcartratadinMaro. lbenria8weepualintcwater(3mml)anae?xtm&d _- with ether, llnmxwact~W~ 

with tdm.drid tnss64),and a in-lllerasiduewaadnwA~ - siq a50 gJ). ElMian with "- 
bWW-etWl acetate (10:1-5:1) +va S.3 g (851) of lob an a cclcrles~ oil, 6 l.49528 vmax 3450 Ox&), 1570 (a), 1405 
w, 1240 (8). 1110 (I), 835 (s), 775 (a) cm-l, 6 wlOk!HE, czCl3) OD5. O.lo kctal aq aach s), 0.90, a93 ttcal w. each 
s), 0.78-1.00 (3H. m), 1.25-1.85 (9A. ml, 3.65-3.90 (1H. m), 3.90, 3.91 (total 9R, each a), 4.91-5.12 (lH, m), 6.97, 7.02 
kcal lR, SsLh a). (Fana G 53.401 A. 7.%. Calc for qQK*si: c, 53.751 H# acw. 

ct)-2-~l-r~)E)-r_taaylairsrUlvrsily~ hsday l- II-3.4,5 (f)-ll& Ib a #ti?xad mln cf lab 0.65 

9. 7a3 mmol) andtriethylamine GO g# 93 mlnol) in dry l?iF (50 ml) WM a dropwise maaamalfalyldawide (la g# 
873 ma011 over 20 min at Ok ti rrtkrlng for 2 h atO*C, the mixhue wan filtered and the filtmta *u m 

Ttleresiduewasdisac1vadinbemane invaaac. WJO ml). To this aoln "aa add& ceu (LS g, 1l.S mmcl), and tba mirtun 
xaastirredfor2hudlrPreflra ltemixtaxras ancatsateain~MdthB~~*..~~Siqrx)g)to _- 
give 2.96 g (SOW of crude (t)-lla as a" oil, nd5 1.51668 vmax 1660 (B), 1480 (s), 1250 (a), 1110 (B), 965 (n) cm-l, 6 
(1OOMSe~ COC13) 0.08 (6H. s), 0.92 (9A. s), 0.80-1.00 (3A. m), 1.30-1.52 (4H. m), 2.39 (2A. t, J-7 mIL), 3.701390 (1A. I), 
3.89 (3fL ~1. 3.90 (6H. (I), 6.13 US. dtr J-16, 7 Hz), 6.72 (1A. d, J-16 Ha). 6.85 Wi, 8); HPLC analyni# (Column, Sanshu 
Pedc@-Silica-1251-N 4.6 x 250 nuni Solvent, n _+wuwahyl &z&ate wJO:3)1 l.5 ml/milq Ontacaa at. 254 nm) RtlW l&l 
(97.4*). Ihis *aa employ& in the nest lltepwithat further purificei.n, 

W-OD-l-(2-Fam~3,4,~l)-l+e~ten-4-cl W-lib. Tb a acln of W-lla (17.5 g, 37.0 mmcl) in TWF (300 ml) 
rasaddsd~~~~~~fluolida(lnin~1Y*Oml.5a0~1)atroomts.lp lbemixturerae~fcr2Oh 
at roan ternp It "aa then anantrated invaoxh lba residua wan dilute3 vith watar cue eaewt.dWith~. lb0 
extractwaswwhedrithtnine.dried(Mgm~an3mlcentmtedin- neresiduewas.zkuma~ -- cvwSiO2 (300 
9). Sltiim with "- -1 acatata (4:l) gaw lL6 9 (878) of (f)-llb aa a mlceless oil, z$ l.W?O# - 3450 
Ox.& 1555 (s), 1475 (s), 1240 w, 1105 (a), 1005 (8). 965 (6) cm-l, 6 w301IAq COCl3) O.SE"lJ35 t3H# n), L4+l&O (4 
q ), 1.71 (lH, d, J-5 He), 2.30-2.53 (ZH, q ), 3.64-3.90 (1Ii. ml, 3.91 (9H, m), 6.13 (1H. dt, J-16, 7 Azl, 6.78 (1A. d, J-16 

685 (lH, &I IiPIC 

wasstirrdwwnightatromtaap IhwBp3St20@X!ml)wasaddedtc~mixturo 

of w-12 
aa * colorless oil, I$ L536Sr vmax 3450 (bra), 1565 (ml, 1475 Is). 1460 W, 1105 (d. 1010 W cm-$ 4 tlm COCl3) 
0.88-1.10 (3A. III), 1.28-2.00 (SK, m), 1.88 (1H. hr.s), 2.10-2.43 (1H. n), 3.88 (6R. a), 3.90 (3H. a), 4,25-4,47 (2A. m), 
5.06.5.16 (total Xi, hr.s, d, J-3 Hz), 6.82, 6.95 (total 1H. each s). (Found: C, 50.831 S, 6.02. tilC for Cl68238fl5: C, 
51,211 A, 6.1SN). 

(~*,3&,9b&2.3, ~.7.8-tri~~asthoxy2pmpyl-W-furot3.2cl~2l~~ W-lb & itn +mr W- 
1% To a stirred ecln of W-12 (1.27 g, 3.3S mmcl) in dq 'Iw (70 al) was W ~EuU (L54 M in =$&&I znl. 7.7 
mmcl) - 45 minat-604C After stirrin9 fcrlh at-60°C, CD, gas dried withcmcH~4wasb.abbladintcthe mixture 

forlhatdO'C Iheaixtwewasrarwdgnduallytctotempand anantratal5nMan~rssiduawMdil~rith 
2N m (100 ml) Md eexwtad with &bar. l?leetberaolnwwasdried(Mgm4)and -~tedin-tagiv91map(l7 _- 
U) of w-14, - 3450 Ox.& 1590 (a). lsoo (81, 1455 (la), 1230 (s). 1115 (8) cm-l, 6 EJxHa, czcl3) 0.75-Ll5 (3& In), 
1.15-2.05 (5~. ml, 2.05 (lit, bra), 2.20-2.60 WI, m), 3.76 (3A, 81, 3.80 (6R. a), 4.00-4.40 (2A, III), 4.60 (1H. d, J-5.5 
AZ), 6.57 taL 8). l?m squsnur layer *m acidified with 2N HCl, ti extra&& with ethsr. Ihs w mln "an dried 

(ws34)d amcentxated in vaam to give 131 g of arude w-13, WMX 34al &a), 17cn (8) lxn-1. Ib e?a etinad mln of 
W-13 (l.21 9, 355 11~401) ti ph3P &OO 9, 3.X mmcl) in dry Iw (20 ml) uma adbd decp*ise diethy azodicabaylata VW0 
g, 4.02 mmcl) - 20 min at O’C lBan the mixtuim was stirred fat 3 h atroan W~Q and mrantratadlnnvaan* 
residue was dilutad with k+exane-atbyl acetate (2;l) and filtered. me filtrata wan calcuea~in-hrseidue 
was dUanatcgn#wd wea SiO2 (60 g). Ihe aaelios fracticmn eluted with nhtrmrsuly I-ta t3~2~&1ve 430 m9 (3S 

%) of (fF15b aa a colorless oil, nd" 1.5324) vmax 1730 (8). 1595 (.) cm-l, 6 (1001(A~, CDC13) 0.95 (3R. t, 5-7 AZ). 

1.15-1.70 (4R, ml, 1.93 (lli, ddd, J-4. 9, 13 Hz), 2.58 US, ddd, J-l, 6, 13 Fir), 3.68 (38, d, 3.97 (6R, 8). 4.30-4.53 (1~. 

ml, 4.76 (16, d, J-3 He), 5.03 WI, br.t, J-3.5 RL), 6.78 (lH, s). (Found: C, 63.641 R.6.85. Calc for C17833O6: Co 63.341 

H. Ssm). The later fractima eluted with n _-heawewl acatatn (3:1-2tl) gave 350 ng (31b) of w-lb A lxxtia Of 
w-lb "as reaystalli~ frcm n _-hawewhYl acetate (2:l) to give pare w-lb as lxisme# m+ 9&0+9.O*c1 vmax 1720 w, 
1600 (S)e 1370 (a), 1255 (a), 1115 (8) Cm-', 6 (100MHz. CCC13) 0.90 (3". t, J-7 RZ), 1.15..1.65 (46, n), 2.15 clA, ddd, 
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J-1.5, 6, 1. RZ), 2.52 (IR, ddd, J=6, 8, 14 HZ). 3.99 (3R, .), 3.95 (3R. 61, 3.98 (3& 8). 4.03-4.25 (1% I& 4.50 (1R. d. 
J-3 Ra), 4.94 (18, ddd, J-1.5, 3, 6 As). 6.79 UK. 8). Wound: C, 63.52; R, 6.75. Calc for Cl7R2206' C, 63.348 A, 6~38 
,). 1u: (_ fieoDlgel60 F24( Art. 5715 r+mmehyl_W = la); Rf vulwm: w-1% Oar w-14 0.34. 

Jf)_W w-la. 'Ib a stinw3 aal of w-lb (7u) Ip, 2.33 mmol) in dry div (20 ml) was ddal dropwiw 

homn~&27Windichorrasthrms , 7.0 ml, 254 mmol) at -2Ov. lln sti?xing - cartinrd for 30 min at -2Ov. 

sat~~(1onl~r~~to~Ilrture.MditrMstirradf~x)minatrmatsnp Ilhr,mixtunwMaddifiad 
rim aAm, 4 UtQcteiwitk~ 'RrdaauformsolnwasldriadtHgfn4)ard~ inw*m 
"as cbnmatqra#al ovur Si02 (15 g). Rlutim witi -1 aalxte (3rl-2:l) - W-lb (97 mg, 1% ?acav~Y) and 
523 mg [%I yield bard ~1 casmad w-lb1 of (iHa. A pxtial of w-la wan lmrysblliud tma ntvzmaathy l-t9 
(2:l) to give plre W-la ae @ame, m.p. 7S.5-S0.0°C, *ma= 3470 (III). 2980 W, 2960 (61, 2900 C.i; 1660 W, 1620 (ml, 
1580 (m), 1525 (a), 1455 (6). 1400 (8). 1380 (81, 1280 (s). 1120 (8) cm-l; 6 (lOOURs, COCl3) 0.92 (3R. t, J-7 A?.). 
l.lO-l.85 (IR, m), 2.13 (Xi, ddd, J-1.5, 6, 14 As), 2.60 (18, ddd, J-6, S, 14 AZ), 3.91 (3Re 8). 3.98 (38, 6). 4.00-4.30 
(lR, II), 4.53 (1~. d, J-3 Rs), 5.04 (la, ddd, J-1.5, 3, 6 AZ), 6.60 (1R. 81, 11.30 111, 9). (Found: C, 62.538 A, 6.39. 
talc frx c16R* : c.62331 & 6.546). 

~~*,3aR*,9~')-2,3,~.9b-Tetrahyd~-~7,~2~1-~t3.2~1~21~ Wwimenccar, 
w-1581. In ths mma nwawJrM~fortb0 Iaspsraticn Of w-la, w-15b (17 mg. 0.053 mmcJ1) yialdad 14 mg e6w 
of 1% It WM ?arynallimd fra Vlacatate (3:1) togivepma15miM@sms# x8.p. 75.cwwy vmax3400 
(bra), 1665 (8). 1275 (a), 1125 (a) c;-18 6 WORRz, COC13) 0.95 (3R, t, J-7 As), 1.15-1.60 (4R, m). 1.98 (lR, ddd, J-4, 
9, 13 R.), 2.58 (lli, ddd, J-l, 6, 13 RzP), 3.90 (3R, s), 3.96 (JR, s), 4.15-4.47 (lR, m), 4.60 (lA, d, J-3 AZ), 5.15 (1R. 
br.t, J-3.5 Rz), 6.58 (1R. e), 11.25 (1A. 8). (Found; C, 62.33) A, 6.46. CalC for c1&&' C, 62.331 R, 6.54a). 

W-l add 17. Toa sUned soln& @)-16 (log, 65.4 mwl) in lRR2604 (100 ml) WIS ~dropiso a 
ncdn of q (14 g, n%l, in rater (20 ml) - 3 h at +5OC 'Iha mixture "aa ntirr& __Min 

VacuDd exeaeedwith~l¶leextract -dried o4gSO4) Md oncaltrated in- to give a3 g (en) of cna 17. _- 
vmax3400 ~.s),1725 (6) cm-l. ibis wae employsa in thenat Btepwithxt furtberprifilaticn, 

(a-1,2--i ia m II styred suspwsial Of UR (3.69, 95 mmol) indryether um ml) "as as.eddrcp#iaea elanof 
17 (a3 g, 70.3 mmol) in dry ether (30 al) at w-lo"c Tba -II LnR was dwtmyedbythe additicm Of water (36 ml), 2N 
ram (4 ml) d water (8 ml) to the stirred and i cs-cmledmixtura Aftastirringfor3hatrux+temp,themixturevas 
filter& and tha filter-cake wa8 washed with acetone. The combined filtrate and washing6 "ete dried (RgSO4) and 
e in vaoas _- llm reJi&M wan diatinw UBing a vigralx column to give 482 g (66W of 18 aa a oolorlew oil. 
b.p. S3.O-E4.5W7 Torr cut.13 b.p. 9649Wll Torr); I@ 1.43561 t.1&6 +l.O* (~1.43, CRC13)a vmax 3350 (bra), 1060 
(bra) em-1a 8 (6OWHz, CX13) 0.70-1.20 (3R. m). 1.20-1.70 (4R. q ), 3.20-3.70 (1A. n). 3.50 (2R. d, J-4 AZ), 3.68 (ZA, 6). 

w).1.2-sporvpntans 20. Ib i -1d 18 tS.0 g, 768 mmol) was sdded m SC&I Of RBr in amtic acid (40 ml). The mixture 
rssstirradf~lhat~~~p3urad~i-~(MOnl)andnartrali~withK~ llxemixturewasatncted 
ritbetber. l?m~solnwaawashedwithsatNaFlXa3aolnanlbrine,and caxsleatedinvacw& ltBtbarwidual19md 
19 tnaa~ 1740 w. 1230 (s) C&I W- sddad 501 loon aoln 60 ml). Ihe nixbne wan iZ.STd hsatd at im*c aw 

distiilate mp -m*a W= c~ilected in a fbk m~1.d with i-w It wan distiuedemr KrxIp11eta to give 438 g 
(66W of 20,aa a colorless oil, aP 83-4WCi I$ L3932r Ia# -120' (~189, CWl3h wax 3050 (1). 1255 (ml, 1110 (a), 
940 (8). 830 (8) cm-l, 6 (6ONRz. CC141 0.92 (3R, III), 1.10-1.60 (48, m), 2.14-2.28 (1R. m) 2.42-2.75 (2Ii. m)r MS: m_/z 
S6.07ll c&r CalC for C5Rl@ %.0732. 

a W-3-hydroxyha-te (2)-6a. A eoln of Cg)-20 (8.3 g, 96.4 mmol) and NaCN (16.0 g, 326mmol) in 40% aqueous 
ethaml (200 ml) uaa Burrad for 19 h u&r reflux. ltm nimM wa8 -tmt& in vaaq acidified with 2N El, and 
ertradad withether. xba extract Bma dried cMgSO4, mk3 omcatrawin- mtJmreui&a (2la) wasadddamtcnitri1e -- 
(xx) ml) an3 dibensylamim (19.0 4, 96.3 mmol). ?hemixbverasstirred~lhrnder~flurrsnd~fttoatand~~~ 
ti precipitates were collectrd an a filter and recqntallized from aartonitrile to give 15.0 g (45%) of 2lb. Ik filtrate 
Wan -tad in-and recrystallized three times frcm amtmitrile to give 3.3 g (lot) of 2lb as lsaflete, lap 
lOLO-103PC1 Ialp zwO (-1~9, NaW; Vmax 3400 On-a). 2600 (m). 2700 (m), 26W (ml, 2450 (a). 23M (m), 1550 (s), 
1530 (6). 1380 (6) cm-l8 6 WJOMRz, cOCl3) OBO-LO2 t3S, m). Ll5-155 (4 m), 2.20-2.92 (2R. q ), 3.75-3.90 (lb m), X.90 
(4R. a), 6.15 (4R. a), 7.35 UOR, a). The Llalt 2lb (18.3 g, 55.5 mnol) was added to 2N AC1 (100 ml). The mixtwe ~a.8 
extra&& with&&r. llle easr soln waswed tNgSO4, and 
(.k?lrl. 

oaPsntratadinvaar,togivecnlde2l&VmM3400Oss),10 _- 
the d 2lr ww estarified tithe -1 m~mar to give 69 g (45% fr0m 200) of csj+,ap 94.0-95.ov/m ‘~brr 

(1it.12 aP 83-%'C/lO lbrr)t d9 L425Sr t.l&9 +29.1a eO.7l. cw3) [l&l4 [alO +24O (cl, CXl3)ls - 34% ti.s), 
1725 (8). 1170 (8) cm-'! 6 (60MRe. CC14) 0.70-1.10 (3R, m), 1.23 (38. t, J-7 AZ), 1.20-1.60 (4R. m), 2.32 (2R. d, J-6 AZ), 
3.00 (1R. bra), 3.604.lO (lR, m), 4.05 QR, g, J=7 Rz). l?liSW~EU@q& inthenextstepritkut fvrtherplrificatim. 

e w-3-t-butYldimethylsilylayheanate (p6!& In the #ame mmlner aa w forthepreparatimof w-6b, (6)-6a 
(15 g, 2S.l mmol) yielded 6.4 g (83%) of (+5b, b.n lOl-103*C/S 'AXTI # L4276; [alp +lS5" C&09, -3). Its l-i? 
and lR NMR spectra were identical with thase of M-6b. Wcam% C, 6Ll3; R, lW7. Calc fcx C14R3003Sii C, 6L261 R, 
11.029). 

w-3-t-RltYldinlewwlailYl~l~l (fp7ll. In the aama m aa doacre& far the wwa-aticm of w-h, q6b (6.2 
g 22.6 mwl) yielded 5.0 g (9s) of w-7* b&b 9LOeww4 Tblr; I+0 L4374r [alp +19.3* GTO.67, aEl3). Its IR 5x3 
'A A"R spectra Wsra identioal With t&e Of W-7,,. RS: G& 23ZlR44 CR+,. Cal.2 for Q”2go281: 23UR59. 

(S)-3-t-~tYldim&hyLsilyl~l-ioUaam W-S. In tha sama namuras&wxiLmdfortlm papsnan Of w-s, (g-la 
t2.5S 9I ll.1 nnol) Yialdsd 3.34 g (88%) of WR. na9 1.47301 tala9 +35.0* (.==0.96, CRC13). Its IR and 1R NllR ._,_, 

- identic.xl with m of W-R. (Fan& C, 42.361 R, 7.S7. Oalc for Cl~27~i: C, 4210, R, 7.95,). 

fi -c lmhturw of -- 1-[wS)-lt+utYldimeay l~~Yl=Y-1~ladn#yll-3,4,5-tri~ (p9. In the 
saw mmmw aa deacrit-3 for the separaticn Of w-9, @-a 6.07 g, 17.7 mmc.1) yielded 7.65 g (S6W of (Sj-9, 49 L52461 
Cal&9 -450 (PO.49, cwc13). Ita IR and 'R NMR spectra werx idantial with those of W-9. (phgd: C, 66.791 R, 876. 



1646 K. MORI and H TAKAISHI 

Calc for C2&404SSi: G 66.631 n# a72u. 

& -c nlixblM of m3H-(2 ~3~.5)4~~~l~ilY~l~ cg-loa In tin 
s(~me manner as daecribed for the preparation of (t)-loh (N-9 (3.0 G, 5.9 mmol) VieId& 2.2 (I. (75al of (s)-lob dg 
l.50141 [.I&9 -10.0~ bwJ‘20, an)): - IaxRandlRRmr~-i~ with-upa, of (ikoa (rounzz G ;3&, 
A. 7.97. MC! for q2&9EaQp c, 53.751 14 eOOw. 

2-~l-t~1141B~~~~l~ilY~l~ll-3,4,S (a-lla. In tha Bama m aa &wribed 
for the prewrtion of (i)-lla, (S)-lob (1.30 9, 2.64 mmol) Vielded 943 ma (7% of (S)-lla. nX6 1.5176: [a116 -7-7' 
k-3.60, ti3). Its IR and 1; ni& spBctn WA identical Ah up(*, of &ll& lbi;--~-em&&I tic&B &t m&p 
VithaR further plrificatial. 

~Is,~~~-2,3,Y~~~-6,7,~-~imeth~-2-~~1-5H-furot3,2-c1~21~nw~ an-5-one lb ana (28,3aS,9bB)- 
43,3&9b#ane@&P6, 7,8-tAmetha~-2-sco~j1-~~3,2-c1C21~~ 1% In tbm m mEamuaBckma&m5fca 
the--of (t)_lband (i)_15b, CgFl2 UOOng, 192 mmol) yielded 237 ng (37%) of lsb and 200 mg (33a) of Ih 

1s up 153281 [alp -17.50 kFO.l$ wl3). Its IR and 1KnmR spactra wws -ml with tkea of w-la (mn& 
C, 62.99; 8, 6.86.Calc for C17A2206: C, 63.341 8, 6.881). 

lbz I# 153068 tol# +228' (~2.76, CXl3)r vmax 1720 (a), 1595 (6) au-l. Ita %I NUR spschun wan idmlticsl With that 
of (f)-lh (Found: C, 63.71; Ii, 6.86. CalC for Cl7A2206: C, 63.34; R, 6.88\). 

(a), 2960 (II), 2900 (8). 1670 (a), 1625 cm), 1590 (la), 1525 (a), 1465 W, 1450 (W), 1430 (m), 1400 b), 1380 (a), 1340 
cm), 1285 (a), 1125 W, 1040 Cm), 1020 cm), 885 (m), 805 (a) cm-'! 6 WJOMRz, a'Cl3) 0.92 (3R. 4 J-7 W), l.lO-LE5 (4 
m), 2.13 (lR, ddd, J-1.5, 6, 14 Hz), 2.60 US, ddd, J-6, 8, 14 AZ), 3.91 (3% a), 3.98 (3A. 8), 4.00-4.30 (1A. m), 4.53 
WI, d, J-3 I+$, 5.04 WI, aaa. J-L5, 3, 6 Hr.). 660 (lb 61, lL30 (1% 0). Its %I W4R spctamwMidmticalriththat 
of (iHa. Ita IR ana 41 Nbm spctn were coincided with tkee of m authenticample. Pcund:C, 62.251 Ii, 6.29. Dale 
for Cl@2&: C, 62.331 H&54%). 
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