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Isoroquefortine E and phenylahistin were synthesized using the Horner–Wadsworth–Emmons reaction
as the key step to build the dehydroamino acid moiety. The syntheses provided the materials for the bio-
logical studies of the roquefortine–phenylahistin molecules.

� 2009 Elsevier Ltd. All rights reserved.
Roquefortine E (1), a natural product isolated from an Austra- Capon reported that roquefortine E should have the E configura-

lian strain of Gymnoascus reessii Baranetzki, by Capon and co-work-
ers in 2005, is the first roquefortine to be isolated from a fungus
other than Penicillium.1 It combines the main structural features
of two classes of natural products: the cyclized isoprenylated tryp-
tophan of the roquefortine C (2) and the isoprenylated dehydrohis-
tidine of the phenylahistin (3).2,3 Both roquefortine C and
phenylahistin were reported to have potent biological activities;
phenylahistin showed strong binding affinity toward microtubules
and potent growth inhibition of various cancer cell lines.3b Roque-
fortine E (1), however, only showed weak cytotoxic activity to
mammalian cells.1 The structure and biological activity relation-
ship among these compounds is still unknown. Phenylahistin has
a Z dehydroamino acid moiety, while roquefortine C contains an
E structure. Isoroquefortine C, the Z isomer of roquefortine C, does
not show any significant biological activity. Roquefortine C (2) and
phenylahistin (3) have already been synthesized but no total syn-
thesis of roquefortine E (1) has been reported yet4 (Fig. 1).
ll rights reserved.

: +1 215 573 9711.
llié).

Figure 1. Roquefortine E, roquef
tion by comparing the 1H and 13C NMR data of roquefortine E to
that of roquefortine C and isoroquefortine C. However, the authors
failed to convert roquefortine E to isoroquefortine E by the treat-
ment with UV light, under the conditions used for the conversion
of roquefortine C to isoroquefortine C. A synthesis of roquefortine
E and isoroquefortine E should confirm the E/Z configuration of
roquefortine E and also provide enough material for further biolog-
ical studies. Therefore, we began the syntheses of both 1 and 3. The
synthesis of aldehyde 9 started from the conversion of amino acid
(�)-serine (4) to TBS-protected methyl ester 5. Following Baran’s
protocol, a controlled prenyl magnesium chloride addition, thio-
urea 7 formation, oxidation–elimination, and TBS deprotection
converted 6 to imidazole 8.5 Aldehyde 9 was obtained by the oxi-
dation of alcohol 8 with manganese dioxide (Scheme 1).

Due to the instabilities of Boc, mesyl, and tosyl-protecting
groups on the free nitrogen of imidazole 9, we chose ortho-nitro-
benzyl (ONB) as the protecting group.6 After LDA treatment of
ortine C and phenylahistin.
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Scheme 2. Synthesis of amine 15.

Scheme 1. Synthesis of aldehyde 9.

Scheme 3. The elimination approach.

Scheme 4. Synthesis of phenylahistin and isoroquefortine E.

6756 N. Shangguan, M. M. Joullié / Tetrahedron Letters 50 (2009) 6755–6757



N. Shangguan, M. M. Joullié / Tetrahedron Letters 50 (2009) 6755–6757 6757
Boc-protected glycine methyl ester, the resulting enolate was
added to aldehyde 12 to afford a mixture of diastereomeric aldol
addition products (14). Zinc chloride addition was necessary to
make the polar dianion enolate of 13 soluble in THF. Subsequent
zinc bromide treatment removed the Boc group to afford amine
157 (Scheme 2).

Acid 168 was coupled with amine 15 under standard conditions
to form compound 17, the precursor for the elimination reaction.
Unfortunately, all efforts to dehydrate compound 17 were unsuc-
cessful (Scheme 3).

The Horner–Wadsworth–Emmons (HWE) reaction is an estab-
lished method to construct the carbon–carbon double bond of
the dehydroamino acid moiety.9 The known phosphonate 194c

was coupled with aldehyde 9 to give compound 20, which was
deprotected and cyclized to give (�)-phenylahistin. Aldehyde 12
and other protected imidazoyl aldehydes failed to give good yields
in this HWE reaction. Phosphonate 216 was coupled with aldehyde
9 under standard HWE conditions to give product 22. Subsequent
treatment with TMSI and triethyl amine afforded isoroquefortine
E (23) as the final product10 (Scheme 4).

In conclusion, a concise total synthesis of isoroquefortine E and
phenylahistin was completed and will allow the structure–activity
relationship of roquefortines and phenylahistin to be investigated.
The synthesis and evaluation of the biological activities of the
analogs of roquefortines and phenylahistin will be reported in
due course.
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