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STEREOSELECTIVE SYNTHESES OF THREE DIFFERENT CLASSES OF
. NEOLIGNANS FROM THE SAME STARTING MATERIALS

Thomas A. Engler,* Dong (Donna) Wei and Michael A. Letavic
Department of Chemistry, University of Kansas, Lawrence, Kansas 66045-0046

ABSTRACT: Lewis Acid catalyzed reactions of 2—alkouy-5-allyl-1,4-benmqninonu with styrenes can be
manipulated to form either the burchellin or guianin neolignans, or 4-allyl-2-aryl-3-methyl-2,3-
dihydrobenzofurans.

Neolignans are naturally occurring dimers of propenylphenols.! More than fifteen different types of
neolignan frameworks have been isolated, including those found in burchellin, 1, guianin, 2, and kadsurenone,
4; a related framework is 3 which has not been observed in a natural product to our knowledge. Interest in the
neolignans arises from their widespread occurence and diverse biological activity.“"" We have reported
syntheses of the carbon frameworks 4 and § starting with reactions of styrenes with 2-alkoxy-, and 2-alkoxy-6-
alkyl-1,4—b¢:nzoquir|onf.-,s.2 We now report a new method so selectively form compounds with frameworks 1, 2 or
3 via reactions of 2-alkoxy-S-allyl-1,4-benzoquinones.

Reactions of styrenes 6 with quinones 7* promoted by excess Ti(IV), either as TiCl, or a reagent
prepared from mixtures of TiCl4:Ti(OiPr)4u, produced cyclobutanes 8 and 9 with the former as the major, if
not exclusive, product (Scheme I and Table, entries 1-8). The formation of 8 was unexpected based on previous
mechanistic hypothesis. 2 However, the SnCl -promoted reactions of 6 with 7 at -78 °C gave either the
cyclobutane 9 (entries 9-11, 13, 14) or, in the case of 6éa with 7b, the bicyclic adduct 13a (Ar=CgHy, entry 12).
Products 8, 9 and 13a were all isolated as single diastercomers. 56 Upon warming the SnCly-promoted
reactions of 6b/c with 7b to -30 °C (entries 15 16), mixtures of the keto-enol tautomers 15 and 16 were found
which may result from rearrangement of 9 via 14. Methylation of the mixtures gave 17 [Ar=3,4-(OCH;),CeH,
64%]7 and burchellin, 1 (80%), respectively.$

Treatment of cyclobutanes 8 and 9 with CF;CO,H in CF3CH,OH or THF at room temperature or above
effected their rearrangement to 12 5 (in 45-68% yields) and 13a (in 39-74% yields), respectively, presumably via
intermediates 10 and 11. Small amounts of quinones 7a/b (9-32%) were also found resulting from fragmentation
of 10/11. The dihydrobenzofurans 12 were formed as a mixture of trans and cis isomers with the former
predominating (8-12:1). The bicyclic products 13a were again formed as single diastercomers® and were evidently
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Table. Lewis Acid Promoted Reactions of Styrenes 6 with 2-Allyl-5-alkoxy-1,4-benzoquinones 7.
Entry Styrene Quinone  Lewis Acid (equiv)®  Temp(°Q) %Yields® (ratio)

89 13 1516
1 6a Ta TiCl, (2) .18 97 (1:0) . .
2 6a 7a TiCl, ( 4 18 70 (1:0) . .
3 b 7a "Ti(IV)-sold™ (4.5)° .78 83 (1:0) . .
4 b 7a 51 TiC:Ti(OPr), (2) 18 72 (4:1) . -
5 6 7a 21 TiClETi(OPr), (3) .78 76 (3:1) . -
6 6c 7a 3:1 TiCl,; 'n(o:rr) )] .78 83 (1:0) - .
7 6c 7a "n(IV)-sohd 25)° 18 92 (5.7:1) . .
8 6c o *Ti(IV)-solid™ (1.5)¢ -78 91 (2.5:1) . .
9 6a 7a $nCl; (2) 18 34 (0:1) - -
10 b 7a SnCl, (1) .18 75.(0:1) . -
11 6c 7a snCl; (1) -18 87 (0:1) - -
12 6a o SnCl, (1.5) -78+-60 - 7 .
13 6b ™ SnCl, (2) .78 80 (0:1) - 16
14 6c b SnCl, (2) .78 86 (0:1) - -
15 6b b SnCl, (1) -78+-30 - . 78
16 6c ) SaCl, (1) -78+-30 . . 69

a) With respect to quinone. b) Isolated yields. c¢) Indicates that none of this product was isolated. d) An off-
white precipitate prepared by mm%g TiCl, and Ti(OiPr), is a 5:1 proportion in CH,Cl, at r.t.; the solid is
separated and dried under vacuu e) By weight with respect to quinone.

produced from 11 by intramolecular attack of the carbocation center on the enol ether moiety foliowed by
dealkylation. In contrast, at -30 °C the related intermediates 14 underwent C-O bond formation and dealkylation
to give 15/16. In 14, coordination of the Sn(IV) to the enol ether oxygen apparently lowers the nucleophilicity
of the carbon-carbon double bond. Methylation of 13a with CH31/K,COj in acetone gave 13b (in 75-89% yield),
one of which [Ar=3,4-(OCH,0)C4H,] has been previously converted to the natural product guianin, 2.3%6
One rationale for the selective formation of 8, 9 and 13 involves an equilibrium between coordination
of the Lewis acid to 7 at either the C-1 or C-4 carbony! to give 18 and 20, respectively (Schemes II and IIT).
The former may be favored due to chelation effects, however, the C-4 oxygen is more basic. Then, with SnCl,
as catalyst, cycloaddition of 18a with the styrene stereoselectively gives the O-stabilized carbocaﬁon 19
(thermodynamic control, Scheme IT); the aryl group of the styrene would be expected to occupy an endo position
with respect to the pentadienyl carbocation moiety in the cyc:k)addition.z’3 Cleavage of the C-1/C-7 bond then
gives the benzylic carbocation 14 and, at -78 °C, intramolecular addition of the cationic carbon to the "tin-
enolate” moiety occurs to yield 9. The trans relationship between the aryl and methyl groups on the cyclobutane
ring in 9 would be expected for steric reasons and since the bond between C-5 and C-6 is established in the
initial cycloaddition and remains intact during the rearrangement of 19 to 9, the relative stercochemistry of the
remaining stereogenic centers follows from the cycloaddition. The formation of 13 in reaction of 6a with 7b
results from debenzylation of 19.2° In reactions of 6éb/c, debenzylation of 19 does not compete with the cleavage
of the C-1/C-7 bond to give 14 (and then 9) due to stabilization of the carbocation center in 14 by the aromatic
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ring substituents. With excess Ti(TV) as catalyst, the product expected from cycloaddition of Ti(IV)-quinone
complex 20 to give 21 and then 22 and 8 is found (Scheme III). This may be due to several factors. In an
equilibrium mixture of 18b and 20, the cycloaddition across C-3/C-5 of the former with the styrene may be slower
than cycloaddition across C-2/C-6 of the latter due to steric factors imposed by the C-5 allyl group. Thus,
formation of 21 may be kinetically determined. Alternatively, the Ti(IV) may bind to the x-face of the quinone
activating both C-2/C-6 and C-3/C-5 of the complex to cycloaddition,” and the latter is again slower due to steric
hindrance to bond formation between C-8 of the styrene and C-5 of the complex. A third possibility is that a
quinone-[Ti(TV)], complex® may be involved and cycloaddition across C-2/C-6 is again favored for steric
reasons.”
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In any event, the noteworthy poins of this report is that although reactions of 2-alkoxy- and 2-alkoxy-6-alkyl-
1,4-benzoquinones produce only one regioisomeric cyclobutane or bicyclic-adduct 5, reactions of quinones 7 can be
man@puléudmobtainsdeaivelyeitlwﬂwbmhdﬁnmligumlﬂl@ the cyclobutane 8, or the regioisomeric
cyclobutane 9. The latter two products can then be rearranged specifically to 12 and 13, respectively, which represent
two additional types of neolignan frameworks.?
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