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Abstract—The total synthesis of an alkylcitrate secondary metabolite from the fungi Trichoderma viride is described. An ester
dienolate [2,3]-Wittig rearrangement and a S. Julia-Kocienski olefination served as key C/C-connecting transformations. The highly
convergent synthesis consists of a longest linear sequence of 17 steps.

© 2004 Published by Elsevier Ltd.

Viridiofungin A 1 (VF,) and a number of structurally
related derivatives are secondary metabolites of the alk-
ylcitrate family that have been isolated by bioassay-
guided fractionation of the methyl ethyl ketone extracts
of the soil fungi Trichoderma viride.! They originally
attracted attention due to their potent, broad spectrum
antifungal activity.! It was later shown that VF , inhibits
the squalene synthase of Candida albicans (ICs,
11.8uM);? however, the antifungal activity is based on
the inhibition of the serine palmitoyltransferase (Can-
dida albicans: 1Csy=0.013pg/mL).> Furthermore, it
was found that VF 4 inhibits the Ras farnesyl transferase
in vitro (ICso = 8uM).* The structure of the viridiofun-
gins was deduced from NMR studies and the absolute
configuration of VF, was assigned by an enantioselec-
tive total synthesis of VF, trimethylester by Hatakey-
ama and co-workers.” Hatakeyama’s total synthesis
consists of a longest linear sequence of 27 steps and uti-
lized a Sharpless asymmetric epoxidation to generate the
crucial chiral carbon atoms at C-3 und C-4.

Our interest in a total synthesis of VF 5 was sparked by
its interesting biological activities and by its rather
unusual structure featuring a highly functionalized polar
head with two stereogenic centers, which is connected to
a lipophilic chain by an isolated E-configured double
bond.
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The overall strategy rested on our finding that ester
dienolates generated from a-allyloxy-substituted o[-
unsaturated esters are prone to undergo a diastereose-
lective [2,3]-Wittig rearrangement to afford highly
ssubstituted 1,5-hexadienes.® Accordingly, we expected
that the enol ether 3 should be accessible from the allyl
vinyl ether 5 by an ester dienolate [2,3]-Wittig rearrange-
ment (Scheme 1). Although racemic, the enol ether 3
would contain the three required carboxylic groups in
distinguishable oxidation states. We envisioned that this
would significantly ease the chemoselective generation
of the two carboxylic acid groups and the amide func-
tion in VF4. The second crucial step was expected to
be the generation of the isolated E-configured double
bond between C-5 and C-6, which connects the polar
head with the lipophilic chain of VF . The attachment
of the enantiomerically pure amino acid to the racemic
carbon skeleton of VF 4 would be the final step followed
by the separation of the thereby generated diastereomers
by chromatography.

The realization of the synthetic strategy is outlined in
Scheme 2. The pivotal starting material for the sequence,
allyl vinyl ether 5, was synthesized in five steps accord-
ing to our previously published procedure.” Treatment
of (Z,2)-5 with LDA followed by warming the reaction
mixture to —10°C afforded the rearrangement product 3
with a diastereoselectivity of 95/5 in favor of the syn-
configured diastereomer.® The observed diastereoselec-
tivity may be explained assuming that the BnOCH,
substituent on the allylic ether double bond is preferen-
tially directed toward the convex face of the bicyclic
transition state 6. Unfortunately, even after considerable
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Scheme 1. Retrosynthetic analysis of viridiofungin A based on the application of the ester dienolate [2,3]-Wittig rearrangement of the a-allyloxy-
substituted o,B-unsaturated ester 5 via the ester dienolate 4 to afford the highly functionalized 1,5-hexadiene 3.
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Scheme 2. LDA: lithium diisopropylamide, DCC: dicyclohexylcarbodiimide, DMAP: 4-(N,N-dimethylamino)pyridine, TBSOTT: fert-BuMe,SiO-

SO2CF3, KHMDS: KN(SIMQ})Q

experimentation, we were unable to improve the chemi-
cal yield of the [2,3]-Wittig rearrangement. However, the
rearrangement of 5 can reliably be performed on a 5g
scale with a constantly high diastereoselectivity.

The enol ether 3 was then hydrolyzed to afford the cor-
responding aldehyde that was oxidized to the acid. The
acid was converted into the methyl ester using DCC/
DMAP activation.’ The tertiary hydroxyl function was
then protected as a tert-butyldimethylsilylether.'? Ozono-
lysis of the double bond provided the unstable aldehyde
7 that was used immediately without further purifica-
tion. The S. Julia-Kocienski olefination'! of the alde-
hyde 7 with the deprotonated sulfone 8'? afforded the

complete carbon framework of VF, as single double
bond isomer.'?

Having completely assembled the carbon skeleton of
VF 4 (Scheme 2), it was next required to introduce the
amino acid residue (Scheme 3). Therefore, the benzyl
protecting group had to be removed in the presence of
the isolated double bond. This task was most conven-
iently accomplished with molecular hydrogen in the
presence of palladium on carbon. It was necessary to
control the reaction time carefully in order to avoid dou-
ble bond hydrogenation. The primary alcohol was
immediately oxidized using a two-step protocol to afford
the corresponding acid.'*!> Removal of the TBS and the
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13. Hy, Pd/C, DMF, rt, 20 min
14. TPAP, NMO, 4 Ams, CH.Cly, rt, 1 h
15. NaOCI2, tBuOH, H20, NaH2PO4
2-methyl-2-butene, rt, 18 h, (81 %, 3 steps)
16. HF «pyridine, 45 °C, 18 h (51 %)
17. L-TyMe, PyBOP, NMM, CHxCly, rt, 14 h (71 %)
18. separation of diastereomers by reversed-phase HPLC

(85,45,2'S)-viridiofungin A triester, 9
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(8R,4R,2'S)-viridiofungin A triester, 10

Scheme 3. TPAP: Tetrapropylammonium perruthenate, NMO: N-methylmorpholine N-oxide, L-TyMe: L-tyrosine methyl ester, PyBOP:
benzotriazolyloxy-tris(pyrrolidino)-phosphonium hexafluorophosphate, NMM: N-methylpyrrolidine. Preparative HPLC: column VYDAC
208TP1030-C8 (10um), 30 x250mm, eluent (isocratic A/B 57/43): solvent A: H,O + 5% CH3;CN +15% CH;0H + 0.1% TFA, solvent B:

CH;CN + 0.1% TFA, 40mL/min, tg (9): 58 min, ¢z (10): 63 min.

dioxolane protecting groups was accomplished with
HF-pyridine in moderate yield. Finally, amide forma-
tion between the racemic acid and L-tyrosine methyl
ester according to Castro et al.'® afforded two diastereo-
mers, which were separated by preparative reversed-
phase HPLC to provide the (35,4S5,2'S)-VF, triester
(9)"7 and the (3R,4R,2'S)-VF 5 triester (10)'® as single
diastereo- and enantiomers.

In summary, a short and convergent synthesis of a triester
of viridiofungin A (9) and the nonnatural diastereomer
10 has been executed. The ester dienolate [2,3]-Wittig
rearrangement was utilized to diastercoselectively
synthesize the polar head of the viridiofungins in
moderate yield. Work aimed at the synthesis of other nat-
ural and nonnatural viridiofungins is currently under
way.
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