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Scheme 3. Synthesis of a glycopeptoid building block.

[10] The building blocks 15-22 were made as Fmoc derivatives, and were
as such used under standard solid-phase conditions with TBTU/HOBt
[R. Knorr, A. Trzeciak, W. Bannwarth, D. Gillessen, Tetrahedron Lett.
1989, 30, 1927 -1930].

[11] a) R. Haubner, H.J. Wester, R. Senekowitsch-Schmidtke, B. Die-
fenbach, H. Kessler, G. Stocklin, M. Schwaiger, J. Labelled Compd.
Radiopharm. 1998, 40, 853-856; b) R. Haubner, H.J. Wester, R.
Senekowitsch-Schmidtke, B. Diefenbach, H. Kessler, G. Stocklin, M.
Schwaiger, J. Nucl. Med. 1999, 40, 1061 -1071.
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The kuehneromycins were isolated from the fermentation
broth of the basidiomycete Kuehneromyces sp. 8758 in 1995.11
Kuehneromycin A (1) is a noncompetitive inhibitor of avian
myeloblastosis virus reverse transcriptasel? as well as molo-
ney murine leukemia virus reverse transcriptase.’! Kuehner-
omycin B (2) is a strong inhibitor of platelet aggregation and
both compounds show cytotoxic and antimicrobial activities.
Structurally, the kuehneromycins are related to the mniope-
tals,®l which inhibit HIV reverse transcriptase.
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In the course of our project towards the synthesis of new
sesquiterpenoids® with interesting biological activities we
decided to synthesize kuehneromycin A and here we report the
first synthesis of naturally occurring (—)-kuehneromycin A.

Retrosynthetic analysis of kuehneromycin A (1) leads to
the protected alcohol 3 which should readily be obtainable
from the trienolide 4 in an endo-selective intramolecular
Diels— Alder reaction (IMDA reaction; Scheme 1). Trieno-
lide 4 is the result of a Baylis — Hillman reaction of aldehyde §
and Feringa’s butenolide 6.5 Aldehyde 5 is disconnected into
aldehyde 7 and phosphonate 8 through retrosynthetically
applying a hydroboration/oxidation Horner—-Wadsworth —
Emmons sequence.
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Scheme 1. Retrosynthetic analysis of kuehneromycin A (1). PG =pro-
tecting group.

l OMe

Our synthesis (Scheme 2) started with a Horner— Wads-
worth—Emmons reactionl® of 2,2-dimethyl-4-pentenal (7))
and phosphonate 86! from methyl E-4-bromobutenoate,
which afforded a mixture of triene esters (trans:cis >20:1)
from which 9 was readily separated in 85% yield by flash
chromatography. Reduction of the ester functionality with
diisobutylaluminum hydride (DIBALH)P! gave the alcohol 10
in 97 % yield, which subsequently was protected as the tert-
butyldiphenylsilyl (TBDPS) ether 110 in quantitative yield.
Hydroboration!! with 9-borabicyclo[3.3.1]nonane (9-BBN),
followed by oxidation with H,0,/NaOH under standard
conditions led regioselectively to alcohol 12 in 91 % yield.
Oxidation of the primary alcohol with 2,2,6,6-tetramethylpi-
peridin-N-oxyl (TEMPO)/diacetoxyiodobenzenel'? gave ex-
clusively the aldehyde 5, which served as the starting material
for the planned Baylis — Hillman reaction.?!

The Baylis—Hillman reaction under standard conditions
using 1,4-diazabicyclo[2.2.2]octane (DABCO) as a nucleo-
phile was not applicable in our case since Feringa’s buteno-
lideP! 6 is highly base sensitive and the DABCO-catalyzed
reaction only works well for B-unsubstituted acrylic acid
derivatives. Therefore we developed a new and highly
diastereoselective variant('¥l of the Baylis—Hillman reaction
that used lithium phenylselenide as a strong but only weakly
basic nucleophile. PhSeLi was readily prepared from diphenyl
diselenide through reductive cleavage with either nBuLil*! or
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Scheme 2. Synthesis of kuehneromycin A (1). a) LIHMDS, 7, THE,
—40°C, 85%, trans:cis>?20:1; b) DIBALH, Et,O, 0°C, 30 min, 97 %;
c) TBDPSC], imidazole, DMF, RT, 2 h, quant.; d) 9-BBN, THF, RT, 4 h,
H,0,, NaOH, EtOH, 0°C, 4 h, 91 %; e¢) TEMPO/diacetoxyiodobenzene,
CH,Cl,, RT, 90 min, 98 %; f) PhSeLi, THF, 6, —60°C, 6 h, 88 %; g) xylene,
silylated flask, 140°C, 60 h, 68 %; h) PDC, MS 3 A, 2h, 95%; i) TBAF,
THF, RT, 1 h, 93%;j) DMSO, Py - SO;, NEt;, RT, 14 h, 69 %; k) TFA/H,O0,
(80/20 v/v) 4 h, 94%. LIHMDS = lithium 1,1,1,3,3,3-hexamethylsilazide.

elemental lithium, catalyzed by benzophenone under soni-
cation.['®l Reaction of PhSeLi with aldehyde 5 and 6 at —60°C
for 6 h gave trienolide 4 in a highly diastereoselective tandem-
Michael-aldol-retro-Michael reaction in 88% yield. The
configuration of the newly formed secondary alcohol is the
result of chirality transfer from the acetal carbon atom in 6 to
the new chirality center via a Zimmermann-Traxler like
transition state in the aldol addition step.!'”)

The IMDA reaction®®! of 4 gave after 60 h at 140°C in
xylene the desired cyclization product 3 (68 %) along with
some unidentified side products and about 20% recovered
starting material. The structure of 3 was determined by NMR
spectroscopy (TOCSY, HMQC, and NOESY).

In the next step, 3 was oxidized to the ketone 13 by
pyridinium dichromate (PDC) in the presence of 3 A
molecular sieves in 95 % yield. Deprotection of the primary
alcohol by tetrabutylammonium fluoride (TBAF; 93 %) was
followed by Parikh-Doering oxidation”! with concomitant
double bond shift leading to the a,B-unsaturated aldehyde 15
(69 %). To obtain reproducible good yields it is important to
conduct the reaction under an inert atmosphere and to add
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the pyridine—sulfur trioxide complex very slowly with a
syringe pump.

In the last step, the menthyl residue was removed through
action of trifluoroacetic acid (TFA)/H,OP to give kuehner-
omycin A (1) in 94 % yield, identical in all respects with the
natural product.?!! Thus, we were able to synthesize kuehner-
omycin A (1) in a total of 11 steps in 25-26% yield.
Furthermore, our synthesis confirms the absolute configura-
tion of kuehneromycin A (1) as determined already by
Steglich et al.l' > for structurally related substances.
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