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Abstract - Resolution of methyl ~-(3,4,5-trimethoxybeneyl)hcmis~~~inate by 

me- of (-)-ephedrine, followed by oelcim bomhydride reduction, afforded 

(R)-(+)-B-(3,4.5-tr~thoxybenzyl)~tsnolide %is lsatone was usedas s 

starting wterial for the optically active syntheses of 8 recently 

diacoveired l i m  belonging to, or deriving fmm the o,B-dibanzylbutano- 

lide series, such as isoratein, mbebinone and dihydrocl-in. 

Anangst the nat-1 l i m  belonging to the a,O-dibenzylbutamlide aeries, very few example3 

are ham in which the 0-benzyl mup ia substituted by three methoxy Smups in the 3,4 and 5 

positions. We describe here the total syntheses of such l i m  in optically active fom, 

following a strategy similar to the one we used for the syntheses of other more widespread o,O- 

dibenzylbutanolide l i m s .  1 

~ i o  methyl o - ( 3 , 4 , 5 - t r i m e t h o ~ l ) h ~ s ~ i i t t  ( R . S ) - l , '  mp 127-129% IClbClz / R t r O ) ,  use 

treated with (-)-ephedrine in acetone. Acidification of the least soluble salt afforded the 

dextmrotatory hemiester (R)-(t)-i, q 95-97'C (dl.C12/Et10), [o loaJ  +21' (c 1, HeOH) in 56% 

yield. Calcim borohydride reduction1 of the latter gave the lac- (R)-(+)-2 194% yield), mp 

1W-102'C (BtM1) and [olo'l +7' (c 1, W). This o-md had k e n  eyntheeized in our 

laboratory sane years ago,$ in nine steps f- (S)-glutamic acid -dim to KOGA's method.4 

The lactone (RI-(+I-2 uss treated with 1.3 eqw. of LiNlSiPle,)r(IHDS) in s lW/hexane mixture at 

-70'C. After standing for 1 hat -50'C, the resulting anion reaoted with the benzylic M d e  3 

in THF at -78'C for 30 min, thus affording ccrdigerine 8 as an smorphoun solid (85% yield), 

[olo*6 -36' (c 1, CHClr ) ,  in agreement with B-ton's finjinge.' However, Dhar and -rkema 

reported [=lo" -42.4' ( W )  and Pblchandani' reported [ale" -17.6' (c 0.23, fflC1.) for the 

same canpod.  lhe -bony1 group of mrdigerine 8 was ireduced with D I W  in toluene at -18'C 

for 3 h, thus giving cubebinin 3 as an amurphous solid in 15% yield, 1.1." -23' (o I ,  CHCL) in 

agreemnt with the literat-.' 



3 R, . OM. ; R,: R, = Me - 
5 R,:H ; R,. R , = M e  

5 R,: H ;R,  : Bx;R ,=Me  - 
8 R, = H ; R, + R, = CH, 

I R, r OMe ; R, + R, = CH, 

M e 0  

14 R = CHO - 0 J  

15 R = CH,OH - 
17 RI - H - 
18 R, : OMe - 
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Alkylation of the lactone (R)-(+)-2 with veratryl M d e  4 vas carried out at lar temperatures 

as above (1.3 -. U1DS/?HF/hexane) and yielded the crystalline 1- 10 (82X), mp 117-119'C 

( m )  and [ . ~ ] . a s  -34'(c 0.5, CHC1,). Reprted data : mp 120-121.5'C and [ . I D  -17.8' (c 0.51, 

MC1.) for the natural ocmpnmd,* and mp 122-123% (PtOH) and [ a h l a  -16.1' ( c  0.81, MCls) for 

the hemisynthetic rompnnd.. 

Alkylation of the lactone (R)-(+)-2 with Q-benzylvanillyl b d d e  5 was carried out at low 

temperaturee, aa above (1.3 eqw. U1DS/THF/hexau) and gave the ccmpomd 11 ee an amorphous 

solid in 86% yield, and having [a] .*.  -24' (c 0.5, PWH). Catalytic hsdmsenolyais (& ,  4 bar/ 

10% W-C/AcOBt/RT/BO h) of the bemzyl ether group of ll afforded the l i m  l2 (amorphous 

solid, 85%), [.z].:n -33' (c 0.5, m )  ; Lit.* [ah'*  -25.1' (c 0.55, BtCH). The Fhenol 8mup 

of vas methylated, usins a large excess of diazamethane in ether at mm temperatwe, thua 

giving the li- 10 in 9% yield, mp 117-119'C ( m )  and 1alt.M -34' (c  0.5. CHCla) in 

agreement with our firdinas above. 

Alkylation of the lactone (R)-(t)-2 with pipe-1 brmide 6 in the usual mnditiona, yielded 

the l i m  13 (isoyatein) as an amom~us solid (Em) which slarly crystallized from ethanol, 

having mp 113-116'C and [a1n2~  -33' ( c  1, CHCl.) ; Lit.Io viernus maes, [a]." -49.6' (c 0.035, 

W l .  ) . 
The known aldehyde U was obtained in three steps from vanillin accordins to Btevenson's 

method.11 Reduction of 14 with aadim bmhydride in PWH/%Cls gave the crystalline benzylic 

alcohol 15, mp 64.4-65.7% in 95% yield. The latter vas next transformed into the -table 

benzylic bmide 1 (70%), mp 96-100'C (EtrO),  on treatment with W r a  in W O  at 20'C for 1 h. 

Alkylation of the lactone (R)-(+)-2 with the brcmide I uae performed in the u a d  anditione, 

and the axpected li- 16 (cutebinone) uae thus obtained a. an amorph- golid (81% yield) 

which slowly crystallized fmm ethanol, having m.p. 108-llO'C end [aln" -37' (c 1, CHCla) ; 

Lit.10 viscnra maas, [ d m "  -36.1' (c 0.083, CHCl.). 

On redwtion with LiAlH. in 'lw at mm temperatm for 3 h, isoyatein B sfforded the 

diarylbtane li- 11 (dihydroclusin) in 92X yield. m . p .  95-97'C (BtCS) and [aloa* -29' (o 1 ,  

MCl,). These data are in agreement with P)11&mdani1 who reported mp 97-98'C end [alnas -27.13' 

(C 0.24, MCl, ) for dihydroclusin 11 isolated fnm Pirer c u e .  Dhar and mworkerse reported mp 

68-IO'C (m) 4 [a].ao -48' ( w )  for the li-lZ isolsted from PImr clusii. KDss1I 

reported mp 95-96% and [al~'"29.9' (CKla) for the l i m  12 of synthetic orisin. 

Finally, &tion of the lactone ring of cubebinone B, uains LiWt. in 1W at mcm 

temperature for 3 h, ~ a v e  the diarylbrtane l i m  l8 ( 9 W  lield), mp 150-154'C end [ah" 

-31' (c 1, CHCl, ) .  War and cnnrkewa reported mp 58-60'C (BtOH) and [ a l ~ "  -28' (MeOH) for 

the l i m  18 isolated frcm Plrer clusii. 



Conclusion - In this paper we have described the optically active total syntheses of 8 recently 

discovered limaw deriving frcm (R)-(t~-R-(3,4,5-trimethorJbenzyl)butanolide 2. Ihe present, 

and the previously reported [ah values for the dibenzylbutenolide l i m  8, 10, 12, 13 and 16 

are displayed in the following table. It can be seen that [ah values consistently remain in a 

nar- m e  (frm -32' to -35'), which is not a-ising since the oorresponding lignens 8, 10, 

12, 13 and 16 only differ fmm each other by minor variations in the substitution pattern at the 

3, 4 and 5 positions of the o-benzyl group. lherefore we believe that our [ah values are 

correct and correspond to optically pure mmpomds. Althoush the sp?ctral data (IR, 1% and "C- 

N?R) of our synthetic conrpornda al- matched well with thoae reported in the literature for 

the same cmpmnds of natural origin, the above table show e- striking discrepancies in the 

l a l o  values. lhie may be due to the fact that scme of those natural pmducts, ae being very 

often minor romponents, were not isolated in a ohemically or optically pm: form. 

I o l ~  values. 

Lignsn Found Lit. (Ref.) 

8 - -36' -36'(5), -42.4'(34'C.MeOH)(6), -17.6'(7) 

10 - -34' -17.8'(8), -16.l'(at 18'C)(9) 

12 - -33'(EtOH) -25.1'(18'C,EtOH)(9) 

13 - -33' -49.6'(10) 

15 - -37' -36.1'(10) 

Measured at 25'C in CHCls unless otherwise stated. 
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