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Abstract -- (-)a-MrltratnatinI~1~~~~~_)-2,4di~yl-5sthyla,8dioxabicyclo 
I3.2.lloctanal was syntheszzed from @)-2-butene-1,4-diol monobenzyl ether by 
employing the Sharpless aeymmetrlc epoxldatlon and the regloeelective epoxide 
cleavage with Me3Al as the key-steps. 

The smaller European elm bark beetle, Scolytus multfstriatus Marsham is the principal 

vector of Dutch elm disease in Europe and in the United States. Xts aggregation pheromone 

was characterized as a mixture of (12,2&4g,5$)-(-)-a-multistriatin A(=l), (32,4g)-(-)-4- 

methyl-3-heptanol B and (-)-a-cubebene C by Silverstein and his co-workers.' The 

structure of (-)-a-multistriatin as depicted in 1 was confirmed by a number of syntheses 

of its racemate2r3 as well as the correct enantiomer. The existing eight different 

syntheses4-" of optically active a-multistriatin 1 started from D-glyceraldehyde 

acetonide(Wori5), (+citronelloL (Kocienski6), D-glucose(Weiler' and Fraser-Reid8), (S)- 

malic acid (Larcheveque" ) and optically active intermediates obtained either by 
resolution4c9 or by asymmetric epoxidation.1° 

Although the chiral syntheses of 1 served to establish the absolute configuration of 

the natural a-multistriatin, only very few of them were successful in affording the 

enantfomerically pure (-)-1. The syntheses reported by Weiler7 and Larchevegue" were 

successful enough to furnish the pure enantiomer of 1. Herein we report a new synthesis 

of the enantiomerically pure (-)-1 by employing the Sharpless asymmetric epoxidation12 of 

2 to 3a and the regioselective ring-cleavage of the resulting epoxy alcohol 3a with 

Me3A113-75 to give 4a as the major product. This epoxidation-methylation technique was 

previously employed by us in the synthesis of (3g,4g)-(-)-B16 and also in the synthesis of 

brassinolide, a steroidal plant-growth promotor. 

@)-2-Butene-1,4-dial monobenzyl ether 2 was chosen as our starting material. 

Asymmetric epoxidation of 2, using (-)-diisopropyl D-tartrate, &-BuOOH and Ti(k-Pr0)4, 

gave in 86% yield the optically active epoxy alcohol (2!&3S)-3a, which was previously 

prepared by a multi-step synthesis from D-tartaric acid.18 As the specific rotation of 

our 3a revealed it to be of ca. 89% e.e., we converted it to the corresponding 3,5- 

dinftrobenzoate 3b. Recrystallization of 3b afforded pure 3b in 73% yield from the crude 

3a. Alkaline hydrolysis of the purified 3b gave pure 3a, whose enantiomeric purity was 

estimated to be ca. 100% by the 'H NMRanalysis at 400 MHz of the corresponding (II)- and 

(~)-u-methoxy-a-trifluoromethylphenylacetate(MTPA ester).19 
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The regioselective ring-cleavage of the epoxy alcohol 3a was executed by treatment with 

Me3Al in n-pentane/CH2C12(10:1) to give the desired 1,2-diol (2S,3R)-la as the major 

product contaminated with a small amount of the undesired 1,3-diol (2g,3&)-5a.Cf*20 

Because it was difficult to separate the diol mixture of 4a and 5a by conventional 

chromatographic techniques, it was immediately converted to the mixture of the 

corresponding acetonides 4b and 5b by treatment with acetone and p-TsOH. The mixture was 

separable by chromatographic means, and the ratio of 4b to 5b was estimated to be 94:6 by 

GLC analysis. Pure 4b was obtained in 13% yield from 3a after chromatographic 

purification. Removal of the benzyl protective group of 4b by hydrogenolysis over W-C 

gave an acetonide alcohol 4c. The later steps to a-multistriatin 1 were carried out in a 

similar manner as described by us for the synthesis of 6-multistriatin.21 The acetonide 

alcohol 4c was converted to an iodide 6 in 86% yield via the corresponding tosylate 4d. - 
Lithium enolate of diethyl ketone generated by lithium diisopropylamide(LDA) in THF was 

alkylated with 6 to give 7 in 46% yield as a diastereomeric mixture at C-4. Finally, 

treatment of 7 with aq HCl-MeCN gave in 85% yield a mixture of (-)-a-multistriatin 1 and 

(-)--y'-multistriatin l'in a ratio of 81:19 as revealed by GLC analysis. This mixture was 

further purified by preparative GLCto give pure (-I-a-multistriatin 1, [alz3*5 -46"(n- 

hexane) [lit.4 for the natural pheromone: [a]~5 -47'; lit.' [a]~" -46'(hexane); lit." 

[ali -4S'(hexane)l. 

In summary, a new synthesis of (1&2&4S,5R)-(-)-a-multistriatin was achieved to secure 

an enantiomerically pure sample. After the completion of this work, another synthesis of 

4b was reported without full experimental details.22 
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C2R,3S,-4-Lkzyloxy-2,3w$xxy-l-~~l 38. RI stirred ard ax&d dry Or2cl2(4CQ ml) at -20°- -25Y under ar ware added 
Tic&-Pro,, (11.9 ml, 40 rn!nol), (-)-dii~l D-tartrate (9.37 q, 40 mmol). 2 (6.65 q, 38 mmol) and b aoln of t_arm in 

cH$l, (45 w. 1x3 ml, 80 mmcJ1) in this order. lhis mixture was left to stand fox 40 hr at -M% me temp was raised 
to man tamp Euai the tebctial mixture was di1ueed with &he? (500 ml) ard sat NaL2p"p (12 ml) q nlenLrrrurev"lsstirred 
viqwxus1y for 2 hr at rrxxI teal& aR3 filtered. Ihe filtrate ~8s -tratai in-rod the residae W.S g) w.4~ 

c+KomatcgraFhea QI(v siq to give &33 g (86 8) of k. f&5 +25* co1.0. cxcl3). lbiswas oxvatxd t.otheco~eaFading 
3,S-dinitmbwzoate for further plrificatia 

(2&3s)-4-E!e"zylo%y-2,3dpny-l-tutyl 3,5-din.i tr&azcntem lb a stirred ard i -led soln of k (11.79, M mnkal) in 
dxy ether~dine MJil ml/80 ml) was &.w 3,sdi"i trckwaylchloride W3.5g, fi0 mmol) and the mixture was etirred for x) 
mi" at On--5Y It was ths" pxued into water anjatra~ed with EuXz. ti cxq layer was washed with vater, NtlcL aq, 

sat tiax3 aq, water and brine, driedw3a34) flsxi concentrated in vacu). Ihe residue~25 ql ~8s repeataily recrystallized -- 
fnxn ether~2C12(10:1) to give 173 g (73 U of 3b with a anstMt cptical mtaticn, m.p 99-995’C t Irrla4 +37* (51.0, 

CiiCl3)t vmax 3120(w), 3100~w~.1730~~~.16251w~, l53Sfm1, 1345(s), 1275(m). 1165(m), 1100(m), 740(a), 700(m) cm-$ 6 

KDC131 3.2-3.6 (2W, mf, 3.6-3.9 f2R. m, 3.70, 3.79). 4.60 (2H, 8) r-.4-4.8 (2R, m), 7.38 (5s. sl, 9.32 (3H, 8). (Found : 

C. 55.64, H, 4.1St N, 7.2R. Calc for ClSHl6@3N2: C, 55.671 H, 4.158 N, 7.21 8). 

wlysis of Eta 38, lbast.irredMdi 
dxopwiae N-I(cA .sqT!Zml, 56 mmol). 

cs-aaled ~oln of 3b ClSAg, 47 mmol) ti ?Hp-RM (ltl, 2M) ml) was added 
&ftar the a&Utica the mixture wan stirrxd forlhr at mm temp. ?hen t.hs 

mixture was dilutgf. with sat m aq ax? carcwtrata3 in vacw. -- ma residue was extract& with ether. me ether aoln 
wa* washed with satNaW33 at waterandbri"e, dried(Hg9oq) and eati in vacxxh _- llw residue vaa pacified by Si.9 
c+kroma~@~y and distilled to give 9.0 gW S) of plre 34 t4p 135'C / 0.35 lbrr i # 1.52OS i [ala2 +zB* (TO.%, 

_33fr v_ 3450(s), 3040(r). Moo(w), 109OW. 1025(n). 740(m), 7~0~ cm-l, 6fClX!l3) 2.78 (18, t. J+ HZ). 2.9-3.2 
(ZH, m), 3.35-3.65 (4H, ml, 4.43 (2H. 81, 7.20 (SH, 8). (Found : C, 67.73 I If. 7.22. Calc for C1lHl403 : C, 68.02 1 H, 

7.27 0). 

(2S,3R)-4_eenzylasy3~1h~2~01 aoetcnide 4b. lb a etlrred eoln of h (6819, 35.4 mmol) in distilled n- 

wnta"e (7tx) ml) was dldcd dropwise Me3hl in hegne (LO M. 138 ml, 138 mmol) at roan tamp & Ar. After the addition Zf 

Ueg?& 70 mlof Cfi2Cl2 was &led. ?hemixturevasstirredfcx 24hratmomtamp,dilu~wittr~~2sniwaehedwi#cold 

?WiCL liw aq leyer we8 extracted with RaRG ll3e canbirred erg sol" *tan prashed with water. sat w aq, water and 
brine, dried (Mgsoq) and 

34casL lc?ws) cm-l. 
-trllted i"MmxY togive 7.57 q of the cnde mixtureof 1,2-dial b a"d f,3-diol sa, Y_ _- 

lhis was employ& far the naxt step withazt furthsr puificat.ion. Ihe cnrse 4a+h was d&?aolved 

in a stirred aoln ofplWXi.H20(3Omg) in acwtmeWOm1) and themixture wasstirrrx! fcr6hr at roan tenp lkamixture 
was diluted with sat ??~Iu+ aq and extracted with ether. 

driedV4gg904) and 
Ihe tug soln vaa Washed With water, sat- ag and brine, 

czmcX"t.rated in vaao, -- lhe residue (9.4 q) was chrcmatngra~ wer Siq ard distilled to qive 6.49 q 
(73 % frml 38) of 4b, b.p ne-i21v / 0.45 tit 44 1.4833) [YxI$~ -LO* &0.94, m,)t vmbx 1330 W, 1215 W. 
1100 (ml. 1060 is). 738 (ml, 700 (mf cm-l* 6(ctl41 0.96 (3W. d, J-7 Hz), 1.27 (38, sf, 1.29 f3H, 81, 1.6-2.2 (1~. mf, 
3.27 i2H. d. 5=6 Hz), 3.4 - 4.1 f3H, nf. 4.42 (ZR, sf, 7.29 (58, sf; GLC (column, 10~Pffi. 2n x rlmm, at 19O*C constt 
carrier qas, N2, WmI/minf Rt 12.7 sin f4b). Rt of !ib via.8 15.9 min. (phmd : C, 72.33 i H, SJ36, Ql1C for ClsH2fi : 
c, 71.97 i H. a86 8). purther a1utial q&w a small amamt of l,3-.acetuli& sl& 

(25,3R)-3-Hethylhr-l,2,4_triol 1.2-acetu1id9 4~. 10 \ w-c u!J q) and Nawx3 uxl Ilq) were added to a sol" of 4b 

(195 9, 15.S mmol) in 958 EtCU (300 ml) ard the suspweicn was vigormaly stirred u&..r H2 at rcun temp The mixture vaa 
filtered tAru.qh Delite ani the filtrate was LUXEltS~t.tKlinMen -- lhe residue (2.41 q) wan distilled to give 230 q 

191 W of 4c, b.~ S8-92°C! / 0.35 Turrf "a4 la43521 1018~ -1.8" (~l.l, CZl3)t urns* 3450 ts>, 1330 (In), 1215 fm), 106n 
fs), 1040 (st, 855 fmf cm-l, I(cC14) 0.91 (3H. d, J-7 xzf, 1.28 (3A, sf, 1.33 (3H, 8). l-4-2.0 UH. m), 2.65 flir. 8). 3.4 

(2W. d. J-6 Hz). 3.5-4.2 (3H. m. 3.53, 3.62, 3.70. 3.78. 3.86, 3.94, 4.02). (Found: C. 59.88~ H, 10.06. Calc far CeH1603: 

C, 59.98; H, 10.07 \L 

WQW4~lax~31~l~2~i01 a-de 4d. 'Ib a stirred & i~e-maled sol" of IC (267 q, 16.7 mmol) in dry 
pyridine (30 ml) was ad&d pTscl (6.37 q, 33.4 mm01) and th8 mixture was stirred at O'C for 2 hr and then at molp. temp for 

S hr. he mixtun, was pcured intoica-waterandextracted withether. l'hs ether sol" was washad with N-HCl aq. water, 

sat- aq and brine, dried fHqS3 1 and anlxntrat+di"Mcuq 

give 480 g (92 at of f2S,3Rk4d. $4 -- 
The residue (506 q) wae dupmatographai - 9'02 to 

L4950J t=,g4 -7.7’ (Dti, ofcl& uIBm 1595 (n). 1360 (s)* 1210 w, 1175 w, 
1060 fmt, 965 (81, 810 fmt cn~-~t 6(CCl4) 0.91 (3H, d, Jd.SRzf, 1.21 (3R, s), 1.25 t3R, s), 1.85 (lH, q.t, J-6.5, 6 HZ), 
2.43 (3H. s), 3.45 (1X, t, J-9 Ha), 3.65-4.20 f2H. a), 3.80 (2R, d, J-6 Hz), 7.28 l2R, d, J-9 He), 7.73 f2R. d, J-9 Hz). 

(Pound : C, 57.29, ii, 7.01. Calc for C15H2205S : C, 57.31 , H, 7.05 a). 

~2S.3s~4-1oQ3-methyl~-l,2-diol avatcmids 6. WI E.22 g, 34.S mmol) and NaFwj (lq) wem adjld to a sol" of 4d 
(3.64 g, 11.6 mmol) in dry acatma (50 ml) and the mixtars waa stirred ti AK for 2 days. me mixturp, "aa paved into 
water d a3xt?zad with etherfx3). 
brine, dried tt49834falxs 

me ether ml" was WlMlbul with rater, 10 \ uQ.9$3 && watar, satu?wo3 aJa"d 
mncentratedinvbcua _- lVu3 residue ~88 pirifisd ty .?iq c2?mnmaw* follaad by dktillatim 

to give 2.94 q (94 et 0f 6. b.p.87~9O'C / 5 Torrr "a3 1.49411 Ial,j3 -6.6' (c-0.92, C,H,,, vmax 1450 fw),1380 fm), 
1375 (m). 1210 (ITI). 1150 cm). 1065 (81, 885 (m) cm-', 60X1.,) 1.05 f3H. d. J-6 Fiz), 1.32 (3H, 8). 1.36 13if. a), 1.4-2.0 
(lH, m), 2.94 (lH, dd, J-7, 10 Hz). 3.21 (lH, dd, J-7, 10 Hz), 3.37-4.2 (3H. m, 3.4, 3.55, 3.71, 3.84, 3.94, 4.02, 4.06, 
4.18). (Found : C, 35.73 , H, 5.68. Calc fat CSA15021 : C, 35.58 I A, 5.60 \I. 
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(zs,aGsw;)-3,5-oial~-l,zdi ac%tQlide 7. r) win of IM was prepared @ the addition of L62 Y ~-R&i 

(in n_hsane, 9.0 ml) to II stirred eoln of i-R2Ni (2.1 ml, 15 mmol) in dry VIP (10 ml) at -65'C rnder Ar. ma aoln wa(1 
stirred for 1 hr at this temp A glln of St203 cl.6 ml) in l?fF (15 ml) wae acHad to the stirred and axoled LM eoln at 
-65--6OOC. After stirring for lhr at -4O'C, a eoln of 6 (0.70 g, 2.6 mmol) in THP (15 ml) was added at -40-C with 
t?tirring. Aft.ergruduallyWawi~tonamtemp. ttrestirringwa8ontinued for ldays. me mixture was &?wxdintoioe- 

brine zuXlextracbzz?withuther. meorg eoln "as Washsd with N-xl aq. water, sat NaHCOj ap arxibrine. dried wgew4) 
and mmsltrated in vacua toqive a cndeoila.ltg). -- lhiswaschromatcqra~oversi~ Elutim with !+mane-Kt.fXc 
(2O:l) gave a wall amamt of recuwnA start- material 6 an3 further clution gave O.29 g of crude 7, wbicb was distill& 

to give O&?7 g (46 *I of 7 as a stermimmaric mixture atC5, &A 85-9Ooc / 4 ltxrt 44 1.44Ol1 [ala3 +14.9* (oLO2, 

==3)2 vmu 17lO (8). 146O (ml. 1375 frnn). 1210 (m), 1160 (n). 1065 (m), 855 (m) cm-l8 Grz (aclumn, lOb-PK& 2m x 4mm at 
axJ*c (+2whfr carrier gas. N2‘ 0.4 k9h2): Rt 13.4 minr4S \1, 145 nin(52 $1. 

~1S,~46,5Rl-2,4~Mmethyl-5Pthyld.8diznlo~33lloctane (a-multiatriatin) 1. k ealn of 7 (300 Eg) in l4eoJ-lol IEl 

aq (4.7 ml/W ml) we stirred warnight at - temp Ihe win wan saturateI with NaCl by the addition of m NaCl, 

pxredintobrineandwtnI&ed rithethm?. lbe atherextmct v(L8 washed with water,satN&#3 aqad br.ine,&ied(wgsOq) 
and cpnoentra~ urder atm per38 to @?e crule f-)-l as the major pITact. alis WEJS rzkcmatographaf - siq awl 
distilled to qive 202 mq (85 *f of 1 whictt ccmtains a small annzamtof 1'. ltw ratio of 1 arxl 1' ~a.8 RI:19 ar glc (c&umn, 

IO%-PFG 2m x 4mm. 8O*C an&, carrier gas, N2 0.7 kq/cm2, Rt la0 mM1, &EM, 198 min(l', l-1. ap 1oO-105°C / 45 

MI n$9 l&54: 101~9 -440 e3.84, ether); @aI& : m/z 17O.1275 Calc for cl&& t 17O.l#)7). CC-MS (70 evl 55 
(27 a), 57 (100 \I. 59 (28 \), 69 (13 i\), 71 (18 8). 74 (20 %I, 81 (20 a), 83 (17 8). 96 (25 $1, 97 (17 %I, 128 (15 81, 141 

(19 a). 170 CK+, 6 *I. 171 (M+l, 1 a). TNa was furtbez pnified & prepxative GtE ~column, lol-W;. 4m x 6mm. at IOO*C 

(+2*C%in), carrier gas N2 0.l mllminl ta give puified t-)-l, q4 t45Olr Iala" -46* bO.99, ~-heane h k 2966 wr 
2920 (a), 2880 (8>, 1484 fw), 1460 (m), 1440 (w), 1378 cm), 1362 (ml, 1341 fw), 1312 (w). 12R2 (I)), 1245 (m), 1203 (m), 

1176 b), 1125 (ml, 1110 h), 1093 (w), 1055 (m), 1032 (8). loo0 (w), 988 (ml, 957 (ml. 915 (ml, 896 (s), 820 (WI, 7S4 (~1, 
760 (~1 cm-l , NPIR (400 MHz, C!DC13) (i - 0.81 (6H. d, J-6.7 Hz), 0.93 (3H. t, J-7.5 Hz), 1.02 tlli, ddd, J-13.4, 11.7, 11.7 

Hz), 1.60 (1% dddd, J-13.4, 5.0, 5.0, 1.S Yzf, 1.71 (2H, q. J17.5 Hz), 1.79 (Iii, ddq, J-11.7, 5.0, 6.7 Hz), 1.99-2.06 (lW, 
n). 3.68 (18, ddd. J-7.0, 5.0. 0.5 Hz), 3.88 flii. d, J-7.0 Rz). 4.21 flH, mf 13C NWR (100 Mfiz, COC13) 6 - 7.22. 16.42, 

26.62, 2216, 3-l. 3493, 37.29, 65.22, 7asR, llO.44 GLC (column, PEG 2OB4, 5Om x O.25mm. at llO*C (+3'C/min), carrier 

qw N2 u) kq/cm2) it 1048 aerA>%, (-)-I 1, IO72 BBC (cm, (-j-2' L 
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