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AbsCr(lct: Lewis a&l-promoted reactions of unsymmetrically substituted (E)-stilbenes with 2-methoxy-1,4- 
beazocFumnes*~ skmesekztivelypnJaucetmns2,3-diaryl-23. 

a-Viierin (1) is one of a number of natur~&y occurring oxidative oligomers of resveratrol(2); other 

examples inch&e the ditners gnetin G and bhtnocarpol, the trimers miyabenol C and gnetin H, and the teuaruers 

kobophenol A and hopeaphenol - the first isolated resverattol oligomer.* Interest in the resverauol o@omers 

arises from their antifungal and antibacterial properties and their roles as phytoalexins or constitutive defense 

agents. To our knowledge, no nonenxymatic synthetic route to E-viniferin has been repor@dz Indeed, the trans 

stereochemistry at C-2 and C-3 has only recently been verified chemically? The developruent of a synthetic 

route to 1 would allow the preparation of analogs to investigate possible structure/activity relationship profiles 

and would also be useful in the design of synthetic routes to other oligomers as well. 
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5. X=OCH3, Y=Z=H, R-H; 7396 
6, X=OCH3, Y=Z-H. Fl=C&; 62% 
7, X-OCH,, Y-Br, Z-R=H; 9396 

Our synthetic approach was based on the expected Lewis acid-promoted reactions of stilbenes with 1,4- 

benzquinones to give 2,3-diaryl-2,3-dihydrobenx.ofurans (eq 1). Surprisingly, attempted reactions of (E>- 

stilbene (3~) and 4,4’-dimcthoxy-(E)-stilbene (3b) with 2-mcthoxy- (4s) or 2-mcthoxy-6-methyl-1,4- 

benxoquinone (4b) pmotcd by TiQ or SnQ4 failed to pmvidc the desixd dihydrobenxofurans. However, 

reaction of 4-methoxy-(IQ-stilbene (3c) with either 4a or 4b pnrmoted by 2 equiv of SnC& at -78OC in CH2U2 

gave dihydrobenzofurans 5 and 6 in 73 and 82% yields, respectiv~ly.~ The assignment of regio- and 

stereochemistry at C-2/C-3 in S/6 was established by IH-1H NOE experiments.~ The regioselectivity is 
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rationalized based on previous studies on Lewis acid-promo&d rtactions of styrenes with quinones which have 

heen poslulated to proceed via an initial !5+2 cycloaddhion of the styrene with the pentadienyl carhocatitm moiety 

of the Lewis acidquinone complex followed by rearrangement (Scheme 1).6 The results of the stilbene 

expe&nents suggest au ssynchxmous cycloaddidon transitiou state (8) in which botxl formation betwceu C-5 of 

the Lewis acidquinone complex and C-B of the stilbenc is more advanced than that between C-3 and C-a 

resulting in a buildup of positive charge at both C-a and C-2. Thus polaked, nucleophilic stilbenes in which 

one of the aryl rings can stabilize a positive charge ate appanAy mu&d. 
Scheme I 

5-7 

Reactions of 3,4’$-himethoxy-(I?)-stilbene (3d) with quinones 4a/b were examined for the synthesis of 
e-viniferin. U&atunately, promodon of the reactions with SnQ4, Tim or mixtures of TiQdITo4 at -78*C 

provided the dihydrobenzofinans 9a/bp respectively, in only low yield (eq 2 and Table); the major products 

were Ma/b,4 which apparently result from an electrophilic aromatic substitution reaction on the electron rich 

ammatic ring of the stilbene with the Lewis acid-q&one complex as the ektmpbik. Warming the reactions of 

stilbene 3d with quinone 4a to room temperature resulted in lOa, and a new pmduct 114 which probably 

results from protonation of 1Oa by HCl, formed from the phenol and SnC4, followed by cyclization of the 

resultant benzylic carbocadon. Indeed, iu a separate experiment treatment of 1On with SnQ at -78*C followed 

by warming to mom temperam gave 11 iu 41% yield. The suuctu~s of 9-11 wc~e established from chemical 

and spectral data.537 For example, oxidation of 1011 @DQ, MeOH) and 11 (DDQ, PhH) gave the 

corresponding quinones 12 (37%) and 13 (10096). 

3d + 4aw4b 

Y=) I v I’ 

SnCl4 
-78% to It 

H&o goa 
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Table. Lewis Acid-Pmmoted Reaetiam of Stilbem 3d with Quinunes 4a/b. 

%urrQuiIMDE Gaxlhhm 
!h orb 1Oaorb 11 

zcquiv &cl& -7tPc 5 
1 equiv TiCl,, -78OC $2 : 
4 quiv 2:l TiCl,,:Ti(OiPr),. -7tYC 5 

4 49 15 equiv S&l,. -78°C 13 $ : 

z tt 
2 equiv &Cl+ -78’C 
15 equiv !&Cl,. -78OC ; if : 

7 4s 1 equiv &Cl,, -78°C to lt 38 27 
8 4a 2 equiv SuCt,, -78°C to lt 1 41 36 

a) see lmfefance8. 

Thelowyieldsof9p/bfromrurctionsof3d~ludcdtheuseofthisstilbcneintheplaMedsynthesisof 
1. For the strategy to be successful, a stilbene was required that was not prone to ektmpbibc aromatic 
substitution and yet possessed substituents on the aryl rings that were the synthetic equivalents of the thme 
methoxy groups on 3d. Thus, stilhene 3e was prepared9 and its reaction with quifmde lo examined. In the 

presence of one equiv of SnCl.4 at -100°C in 15% pentaneKH2Cl2. dihy ~74waspMducedinatl 
excellent 93% yield. To explore the potential of 7 as an intermediate to 1. it has been CollvcTted to 
dihydrobenzofuran 14 in good overall yield through a stmightforward series of reactions (Scheme II)? 

In conclusion, we disclose that Lewis acid-promoted reactions of several unsymmetrically substituted 
(E)-stilbenes represent a new and efficient method for the regio- and stereoselective synthesis of highly 
substituted trans 2,3-diaryl-2,3dihydrobcnzofurans - substructurea found in a number of biologically active 
natural products. We are currently exploring the scope and generality of this new method as well as the 
completion of the synthesis of a-viuiferin. 
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