7 3

TETRAHEDRON
LETTERS
Pergamon

Heterolignanolides. Synthesis of a New Family of Thienolignanolides
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Abstract.- A new family of thienolignanolides has been synthesized by means of
conjugate addition-alkylation of 5H-furan-2-one, followed by cyclization and
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extended to the preparation of heteroaromatic analogues of biologically relevant
cyclolignanolides. © 1998 Elsevier Science Ltd. All rights reserved.

Lignans have attracted the attention of many research groups because of their interesting
pharmacological activities.! Among these compounds, aryltetralin lactones are the best known as a result of
their antitumoral and antiviral activities and those of many of their derivatives. Representative aryltetralin-
lactones are the naturally occurring Podophyllotoxin and Picropodophyllin and the clinically used derivatives
Etoposide and Teniposide. 12

Heterolignans are an interesting class of analogues characterized by the substitution of carbon
atoms of the basic skeleton by heteroatoms or heterocyclic systems. Azatoxin is the most promising of this
novel type of synthetic antitumoral compounds.2
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Scheme 1: Numbering and relative stereochemistry of podophyllotoxins and heteropodophyllotoxins.3

The total synthesis of racemic or enantiomerically pure lignanolides and related
heteroanalogues has been achieved via several methodologies for the assembly of the carbon framework, the
most common being based on: Diels-Alder,# conjugate addition-alkylation-cyclization strategies,5 oxidative
coupling® and ionic cyclization reactions.” The well known conjugate addition-alkylation to SH-furan-2-one
followed by cyclization methodology has recently been described for the synthesis of 77,8-zrans -aryitetralin
lactones via a convenient epimerization at C-8, allowing easy access to the Podophyllotoxin and
Picropodophyllin series.?

In this communication we apply the conjugate addition-alkylation strategy to the synthesis of
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very good yields, whose epimerization at C-8 affords the desired 7°,8-rrans-heterolignanolides in such a way
to achieve the stereocontrolled synthesis of this class of compounds.
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Reagenis and Conditions: i: 1) BuLi, THF; 2) 5H-furan-2-one; 3) 3,4,5-trimethoxybenzaldehyde.
ii: SnCly, CH2Cl, or TFA, EtOH. iii: HgO, BF3-Et20, THF-H70. iv: (‘BuO)3LiAlH, THF. v:
TBDMSTT, ‘PraNEt CH,Cly. vi: 1) LHMDS, THF, -78°C; 2) AcOH, THF. vii) TBAF, CHa1CN.

Scheme 2

The first stage of the synthetic strategy involved the conjugate addition of 2-thiophene-1,3-
dithiane to 5H-furan-2-one followed by alkylation with 3,4,5-trimethoxybenzaldehyde of the resulting
enolate anion. As previously described,® the conjugate addition proceeds in excellent yields. Under
optimized conditions (temp. <-50°C, two equivalents of TMEDA. Yield >80%) a 5:1 erythro:threo mixture
of both epimeric alcohols at C-7’ was obtained, a fact that implies a higher facial stereoselectivity for these
heteroanalogues than those previously described for related lignanolides. Acid promoted cyclization of the
unresolved mixture using TFA/Benzene/reflux or SnCly/CH»Cly/r.t. exclusively yields the intermediate
lactone 4 (62-74%).10 The relative trans-trans stereochemistry of C-8, C-8” and C-7° in 4 was
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protecting 1,3-dithiane moiety was hydrolyzed, unmasking the carbonyl group at C-7 which renders C-8
sensitive to epimerization reactions. Basic epimerization of 7-ketocyclolignanolides typically yields products
of epimerization at C-8 (isopicropodophyllin type), unsuitable for our purposes. However, acidic
epimerization of such derivatives produces cis lactones (isopodophyllotoxin type)via epimerization at C-8.11
Tandem deprotection-epimerization reactions are carried out in “one pot” just by increasing the reaction time
under the deprotecting conditions at room temperature, yielding the desired lactone 5 in very good yield
(90%).

Lactone 5 is a thiophene analogue of picropodophyllone!2 which is the key intermediate in
Kende’s synthesis of podophyllotoxin®? based on the reduction to the 7a-OH, protection as TBDMS
derivative, epimerization at C-8” under kinetic control and deprotection. Thiophene analogues of
podophyllotoxin should then be accessible from this key synthetic intermediate. (‘BuQ)3LiAlH reduction of
é in THE yields a mixture of the two epimeric alcohols 6 at C-7. The 3:1 ou:f ratio is similar to those



obtained by other groups with analogous ketolignans.!3 These compounds are the thiophene analogues of
picropodo- and epipicropodophyllin. Attempts to protect the unresolved mixture of the two isomers with

ITBDMS triflate exclusively yield product 7 from the more accessible o alcohol, and unreacted P isomer.
This selectivity allowed us to isolate and fully characterize the otherwise unresolvable alcohols.
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The TBDMS derivative was oepmtonatea usmg either LDA or LIHMDS in THF at -78°C
llowed by kinetic reprotonation with dilute acetic acid, to afford a 5:1 mixture of the cis and irans
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Scheme 3: Molecular models of the (thieno)podophyllotoxins and (thieno)picropodophyllins.

The successful synthesis of the thienopodophyllotoxin compounds by the conjugate addition-
alkylation-cyclization-epimerization methodology opens new possibilities for the preparation of many
unnatural analogues of lignans. Structural variations for the study of structure-activity relationships with
these compounds can be easily achieved by this procedure, because many new heterocyclic analogues of
lignanolides carrying heterocyclic rings instead of one or both of the benzenic rings of natural lignans are
accessible. The synthesis of furane, S-methylfurane, 5-methylthiophene and other analogues are now under
way following a similar procedure.
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