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Strigol and Sorgolactene Synthetic Studies
Use of Winterfeldt's Template to Control the C-2" Configuration
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Abstract - A route comprising (i) a cycloaddition reaction of citraconic anhydride with the Winterfeldt auxili-
ary, (ii) hydride reduction of the cycloadduct, (iii) a (formal) ether formation, and (iv) a cycloreversion reaction

allows efficient stereocontrol at C-2’ in the synthesis of strigol and its structural analogues.
© 1997 Elsevier Science Ltd.

Germination of seeds of root parasitic plants of the genera Striga, Alectra (Scrophulariaceae), and Orobanche
(Orobanchaceae) is stimulated by root exsudates from their host plants. Prominent stimulants are strigol, its
acetate, and sorgolactone (3).'

We and others have reported on a rather comprehensive set of structure-activity relations. There seem to exist
very specific interactions between the stimulant and the binding site(s) at the seeds which are, in addition,
species dependent. Both the absolute and the relative configuration at the butenolide C-2" are of major im-
portance as far as seed germination potency is concerned.'
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Whereas a number of methods have been developed for the stereoselective synthesis of the A-B-C ring system
of these compounds, the control of the C-2" configuration has remained an unsolved problem until recently.
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In all the classical syntheses an intermediate of type 1 was coupled to an electrophilic species such as rac-2 or
rac-20 to give a 1:1 mixture of coupling products such as 3 and 4.

The first attempt to solve this synthetic problem used a stereodirecting group at C-3" (Michael addition/retro-
Michael reaction sequence). However, this approach turned out to be synthetically unsatisfying.’
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Another method was used as indicated in Scheme 2. Cyclopentadiene on reaction with 6 furnished rac-7. After
reduction rac-8 was resolved by several methods.’ In principle, one could also resolve the dienophile first and
then perform the cycloaddition (5+9 —> 10).* 8 has been coupled stereoselectively to a hydroxymethylene-
lactone (of type 1), and in the final step the desired compound was liberated by a retro-Diels-Alder reaction.’
Although this process provides the desired stereocontrol it suffers from the fact that it involves a resolution
step.

We describe here a new synthetic scheme in which an optically active butenolide equivalent is prepared by
enantioselective synthesis. In particular, we made use of Winterfeldt’s auxiliary which is easily available from
the Hajos-Wiechert ketone.>® We first tried to add rac-2 and rac-20, respectively, to 11 to obtain the cyclo-
adducts 22d and 22b by kinetic resolution and subsequent in-situ anomerization.” Unfortunately, even under
high-pressure conditions (11 kbar) the desired cycloadducts were not formed. Recourse was then made to the
cycloaddition of citraconic acid anhydride (19). In a model series 11 and maleic acid anhydride (12) reacted
cleanly at 20°C as described by Winterfeldt® to provide endo-cycloadduct 13. Reduction of 13 with
Li(OtBu);AlH® provided 14 and 15a in a 1:8 ratio. In both cases the OH-group was B (trans to the etheno
bridge) as shown by careful "H NMR analysis and NOE measurements. On reaction with SOCI, in pyridine 15a
furnished a mixture of 15b and 15¢ whereas in CH,Cl; solution practically solely 15b was formed (98:1 ratio).
Reaction of 15b with 16 (obtained from Helmchen's iodolactone' by elimination and formylation) provided the
desired coupling product 18 in 96 % yield. The substitution reactions at C-1 of the furanone ring are obviously
complex and do not follow a simple Sy reaction pathway. Hydroxylactone 15a could also be coupled to 17 to
give 18 (NaH as base in THF solution), albeit in lower yield (47 %).

For the cycloaddition reaction between 11 and 19 high-pressure conditions were required as already found by
Winterfeldt.’ In this case the extra methyl group directed the hydride addition to the distant CO group giving
exclusively 22a. A careful NMR analysis of 22a revealed that the cycloaddition had unexpectedly®® occurred in
the endo mode. In particular, NOE enhancements between the methyl groups at C-7a and C-8a and between
the 7a-methyl group and 3a-H proved the endo configuration. Again, treatment of 22a with SOCI; in pyridine
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led to the formation of 22b and 22¢ whereas in CH,Cl, the reaction was selective and provided 22b almost
exclusively.
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In contrast to the model experiments reported above we were unable to achieve the coupling between 22b and
16. Fortunately, 22a did react with 17 (conditions as above) to give 23 in 56 % yield. Finally, on flash vacuum
pyrolysis (500°C, 10® bar) the retro-Diels-Alder cleavage occurred and provided the desired strigol and sorgo-
lactone analogue 24 (ent-2"-epi-GR28)"" in 59 % yield. 11 was recovered in 81 % yield. 24 is the enantiomer of
a compound obtained previously

In conclusion, we have been able to develop a short and selective scheme which allows to control the configu-
ration at C-2’ of strigol and sorgolactone analogues without the need of a resolution step.
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1 FAB-MS: m/z = 271.0 [M+Na]’, 249.0 [M+H]" - '"H NMR (200 MHz, CDCl;): § = 2.04 (4'-CHs), 2.41 -
2.56 (4-H), 2.74 - 2.92 (4-H*), 3.63 - 3.75 (3a-H), 5.51 - 5.59 (6a-H), 5.83 - 5.90 (6-H), 6.02 - 6.09 (5-H),
6.13 - 6.17 (2"-H), 6.92 - 6.97 (3°-H), 7.45 (7-H), Jiacu,37= 1.5 Hz, Jacn, 23 = 1.5 Hz, Ja4v = 17.6 Hz,
Ja3a) = 2.6 Hz, J3a,49) = 8.8 Hz, J(6a,32) = 7.7 Hz, Ji6,5)= 5.9 Hz, J2 3)= 1.5 Hz, J(7,32) = 2.6 Hz -

CD (CH;CN, ¢ = 40.29 pmol I'); A (Ag) = 198 (16.9), 209 (8.3), 221 (14.6), 253 nm (-4.6).
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