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(2)-Conocarpan (1) was synthesized by a method based on

radical cyclization, and the absolute configuration was

established by chemical degradation; the original 2R,3R-

assignment to (+)-conocarpan should be reversed, as suggested

by a later chiroptical study of model 2,3-dihydrobenzofurans.

A neolignan1,2 called (+)-conocarpan,3 and assigned the structure

and absolute stereochemistry 1, was first isolated3 from timber

used for underwater construction, the purpose of the investigation

being to identify substances that made the wood resistant to attack

by a variety of marine organisms. The compound has also been

extracted from a number of other plant sources.2,4–6

Conocarpan is toxic to mosquito larvae,4g,4f although the

relevance of this property to malaria control7 has not been

established, and it shows antitrypanosomal, antibacterial, anti-

fungal and photoprotective activity.8 The 2R,3R configuration

(1) was assigned3 by comparing the CD curve of conocarpan

acetate with CD curves of reference compounds having

more highly oxygenated aromatic rings; however, a later

chiroptical study of 2,3-dihydrobenzofurans fused to the steroid

nucleous9 indicated that this assignment should be reversed

(as in 2).

Racemic conocarpan is readily available by biomimetic oxida-

tion3 or by manganese(III)-mediated radical cyclization,10 but

preparation of a single enantiomer is a much more complex task

because of the fragility of the C(2)–O bond that is part of the para-

oxygenated benzylic subunit, and the fact that Sharpless asym-

metric epoxidation—a potentially ideal method for setting the C(2)

absolute stereochemistry—does not work well11,13 (see below) for

compounds of type 3 having an electron-releasing para-oxygen

substituent.15 We have also found that benzylic alcohols of type 4,

available by Evans asymmetric aldol condensation, are unsatisfac-

tory substrates for displacement with 4-[(t-butyldimethylsilyl)

oxy]phenol, after activation of the benzylic hydroxyl in 3 under

Mitsunobu conditions, or by triflation or mesylation; the yield was

low (ca. 40%), or extensive (ca. 25%) stereochemical scrambling

occured.

We report a route that gives optically active (2)-conocarpan

(ee 88%)16 and we prove that the absolute configuration of natural

(+)-conocarpan2,3,4a,6 is 2S,3S (2).

p-Tosyloxybenzaldehyde (5)17 was homologated by Horner–

Emmons–Wadsworth olefination (5 A 6) and reduced to allylic

alcohol 7, which was then subjected to Sharpless asymmetric

epoxidation12 (7 A 8a, 93%, er 94.5 : 5.518). Enantiomeric

enrichment via crystallization (3 times) of the derived p-nitro-

benzoate from EtOH gave epoxide 8a9 with an er of 98.9 : 1.1.18

Epoxide opening under basic conditions with the sodium salt of

iodophenol 919 produced diol 10 [64%, or 83% after correction for

recovered 8a9 (23%)],20,21 and the diol segment was then converted

into an olefin (10 A 11 A 12) by mesylation (100%) and treatment

with NaI in refluxing 2-butanone [65%, or 80% corrected for

recovered dimesylate (19%)]. At this point, radical cyclization

under standard conditions (slow addition of stannane, AIBN,

PhMe, 80 uC) gave 13 (69%) with little, if any, of the corresponding

cis isomer being formed. The Wittig reaction with Ph3PEt+I2/

t-BuLi then afforded a Z : E mixture of alkenes 14. Equilibration,

mediated by PdCl2(MeCN)2 (24 h),22 generated in near quantita-

tive yield material that was largely the E isomer (E : Z = 96.9 : 3.1),

but this ratio could be improved by prolonged exposure (10 days)

to the catalyst and, under these conditions (85% yield), no Z

isomer could be detected (1H NMR, 400 MHz). Finally, the tosyl

group was removed (95%) by reaction with Na(Hg) to release (2)-

conocarpan, mp 120–123 uC [lit.4a 133–135 uC; lit.4g 124–126 uC],

[a]D 282.2 (c 1.4 MeOH) [lit.4a 122 (c 1.03 MeOH)].4a,23

Examination of our synthetic material by chiral HPLC16 showed

that it had an ee of 88% (i.e. enantiomeric ratio = 94 : 6). We did

not establish the stage at which the enantiomeric ratio was eroded

from 99 : 1 (for 8a9) to 94 : 6 (for 1), but suspect that the allylic-

benzylic ether 12 is involved as, in the earlier steps, scrambling at

the benzylic position would lead to diastereoisomers—which were

not observed.24

We were unable to obtain satisfactory crystals of a heavy atom

derivative of conocarpan or of 8a9, and so the fact that our

synthetic material appeared to be (and, in the event, is) the

enantiomer of the dextrorotatory natural product caused us to

check the absolute stereochemistry of the key epoxide 8a9. We
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could find no example in the literature—with proof of the

stereochemical outcome—of Sharpless asymmetric epoxidation of

a styrene derivative having a para oxygen substituent,15 and so we

checked that our substrate 7 behaves in the expected manner

during the epoxidation.14,25 Accordingly, optically active 8a9 was

converted into alcohol 17 [[a]22
D +4.63 (c 0.57, CHCl3)] (Scheme 2)

by successive treatment with MsCl/Et3N and NaI26 in refluxing

DME. The hydroxyl group of 17 was silylated

(t-BuMe2SiOSO2CF3, S-collidine, 100%) and the double bond

was saturated (H2, Rh-Al2O3, THF, 100%) to afford 19. Then the

tosyl group was removed [19 A 20, Na(Hg), MeOH, 60% or 88%

after correction for recovered 19 (23%)]. Triflation of the phenolic

hydroxyl (20 A 21) and hydrogenolysis27 (H2, Pd–C, Et3N,

EtOAc, 100%) gave 22. Finally, desilylation afforded 23 having

[a]D 229.3 (c 1.23, CHCl3) [lit.28 245.6 (c 1.3, CHCl3)],

corresponding to an er of 82 : 18. We did not identify the point

at which there is erosion of optical purity; our starting epoxide 8a9

had an er of 98.1 : 1.1. The absolute stereochemistry of

levorotatory 23 has been established unambiguously,28,29 and so

the experiments summarized in Scheme 2 establish that the

stereochemical course of the asymmetric epoxidation (7 A 8a)

proceeds in the desired sense; consequently, natural (+)-conocar-

pan must have the absolute stereochemistry shown in 2, as

indicated by the chiroptical study of Antus et al.9 The absolute

stereochemistry of (+)-conocarpan has been related to another

natural product30 by chemical interconversion; consequently that

assignment should also be reversed, as should the configuration of

natural (2)-conocarpan.5
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