Synthesis of Taurospongin A
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ABSTRACT

taurospongin A

Two new routes to the C(1—10) carboxylic acid core of taurospongin A are presented. In the first route, overall asymmetric hydration of a
C(2)—C(3) alkene is achieved by Sharpless AD and selective deoxygenation at C(2); in the second route, the C(3) stereogenic center is set by
Tietze asymmetric allylation. A short synthesis of the C(1'—25) fatty acid combines with the product from the first route to complete the total

synthesis of taurospongin A.

Kobayashi reported the isolation and structural elucidation
of taurospongin A (1, Scheme 1) from the sponge Hippo-
spongia sp. and described its inhibitory activity against DNA
polymerase 8 (ICso = 7.0 uM, K; = 1.7 uM) and HIV reverse
transcriptase (ICs; = 6.5 uM, K; = 1.3 uM).* Assignment
of the stereochemistry in the natural product was supported
by a synthesis of the enantiomer of the C(1—10) core in
which the C(3) stereogenic center was imported as (R)-
mevalonolactone and the C(7,9) diol was created without
stereocontrol. In subsequent synthetic work,?* the C(3) and
C(7,9) centers were treated as essentially separate stereo-
chemical problems. Ley’s total synthesis?®¢ differs in this
respect by the use of s-allyltricarbonyl lactone complexes
to direct stereoselective delivery of hydride (to generate the
syn-C(7,9) diol) or methyl (to generate the C(3) center).
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We became interested in taurospongin A as a starting point
for identifying selective inhibitors of proteins associated with
cellular repair mechanisms and their potential to synergize
with cancer chemotherapeutic drugs. Accordingly, we re-
quired a synthesis of the C(1—10) core that is practical,
amenable to reasonable scale-up, and sufficiently flexible to
allow a variety of stereoisomers and derivatives to be
prepared. In this paper, we describe two candidate solutions
to this problem and carry one of these through to a new total
synthesis of the natural product.

In our original plan, summarized in Scheme 1, we aimed
to achieve, in a single fluoride-mediated step, deprotection
of the C(9) hydroxyl group (in 4), its esterification with acyl
fluoride 2, and release of the C(1) carboxylic acid group.
This guided our choice to protect the carboxylic acid as a
2-(trimethylsilyl)ethyl ester. A second guiding feature was
based on functionalization of a,5-unsaturated ester 5 by
asymmetric dihydroxylation in both enantiomeric series, and
subsequent selective a-deoxygenation for the total synthesis.
We had in mind the possibility of retaining the a-hydroxyl
group for the preparation of analogues or using asymmetric
aminohydroxylation for access to 3-amino analogues.

This analysis identified ketone 6 as a key intermediate,
and this was prepared in an efficient seven-step sequence



Scheme 1. Retrosynthetic Strategy
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from Weinreb amide 7* (Scheme 2). Key steps include the
syn-stereoselective reduction® to give diol 8 whose hydroxyl
groups were differentiated by selective iodoetherification and
subsequent zinc-mediated ring-opening (from 9).

Scheme 2. Synthesis of Protected Keto-Diol 6 (First Route)
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This ketone was elaborated straightforwardly (— 5, E-/
Z-, 4:1) by HWE reaction® and asymmetric dihydroxyla-
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Scheme 3. Completion of the C(1—10) Core (First Route)
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tion of the separated E-isomer (— 11, Scheme 3).” We
then faced the issue of selective o.-deoxygenation and, in
the absence of suitable precedent for this transformation
with f,8-disubstituted substrates, we surveyed many
methods to achieve this, without success.® Eventually,
homolytic reduction® of cyclic thionocarbonate derivative
12 was found to be reliable, affording the desired C(1—10)
unit (4) in good yield along with a small amount of
eliminated material (5).

A second route to the C(1—10) core was based on a more
convenient access to analogues of ketone 6 using Wacker
oxidation to install the carbonyl group (Scheme 4). This
employed commercially available 5-bromo-1-pentene in the
first step in place of 5-bromo-2-methyl-1-pentene, the
synthesis of which is somewhat tedious and temperamental.*°
The efficiency of the Wacker oxidation depended on the
protecting groups; in the C(7,9)-differentiated diol 15, the
PdCI,/Cu(OAc), conditions™ shown were most reliable.
However, with model compounds 19 and 20 the mild
Pd(OAc)./pyridine conditions*® were more successful (— 22
and 23) but this was a poor reaction for di-O-benzyl substrate
21 for which the classical conditions®® were effective (—
24).
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Scheme 4. Second Route to the C(1—10) Core
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From this ketone (16) an alternative to the HWE/AD/
deoxygenation procedure was developed. Grignard allylation
of methyl ketone 22 was completely nonstereoselective but
application of Tietze’s procedure,** that employs (R)-1,2-
diphenylethanol as a chiral auxiliary, showed very high
reagent control®® to establish the C(3) center in 17. Alkene
oxidation and hydrogenolysis revealed both the C(7) hy-
droxyl and carboxylic acid groups to complete the second
C(1—10) synthesis.

From intermediate 4 it then remained to deprotect and
acylate at C(9) and release the carboxylic acid. To date, we
have been unable to effect clean formation of acyl fluoride
2 and our trials with this approach have been inconclusive.®
However, stepwise deprotection and esterification with acid
3, prepared as shown in Scheme 5, was successful following

Scheme 5. Synthesis of C(1'—25") Fatty Acid
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Jacobsen’s procedure (Scheme 6). Removal of the 2-(trim-
ethylsilyl)ethyl group proceeded poorly with TBAF, but
TASF*" produced the acid very cleanly. In our hands, the
mixed anhydride method described by Jacobsen®® for the
coupling with taurine was not satisfactory; fortunately,
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the N-hydroxysuccinimide method used by Ley,?®¢ following
Kobayashi,* worked very well to complete the total synthesis.

Scheme 6. Completion of the Synthesis (RCO,H = 3)
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Interestingly, although the *C NMR data in CDCl;
matched those reported,?® some of the peaks were weak and
broadened, and we suggest that in the nonpolar solvent,
aggregation, such as reverse micelle formation, may be
responsible. In this context, we note that the *C data listed
by Kobayashi® are missing many of the resonances reported
by Ley. In CD;0OD, all **C and *H NMR resonances are
sharp, presumably because the polar, protic solvent is
effective at solvating taurospongin A fully.

Our total synthesis of taurospongin A requires 15 steps
from Weinreb amide 7 and was achieved in ca. 13.5% overall

(14) Tietze, L. F.; Kinzel, T.; Wolfram, T. Chem.—Eur. J. 2009, 15,
6199-6210. We are very grateful to Professor Tietze and his group for their
invaluable advice in relation to this procedure.

(15) The stereochemistry at C(3) in compound 17 was assumed on the
basis of Tietze’s model (ref 14). None of the resonances in the **C NMR
spectrum for 17 were doubled, including that at 34.6 ppm, which was
sensitive to stereochemical change (34.4 ppm in the adduct generated using
the (S§)-configured auxiliary).

(16) We will report further details in a full description of this work.
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yield (average ca. 88% per step). The original aim of
developing a practical synthesis has been met, and with two
routes to the C(1—10) core in hand, we are in a position to
survey broad structure—activity relationships through ana-
logue testing.
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