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Taurospongin A (1) is a structurally interesting fatty acid
derivative isolated recently from the Okinawan marine
sponge Hippospongia sp. and found to exhibit remarkable
dual activity as a potent inhibitor of both DNA polymerase
B and HIV reverse transcriptase.! As a synthetic target,
taurospongin A displays several structurally interesting
elements including a stereochemically defined tertiary al-
cohol at C3 and differentially acylated secondary alcohols
at C7 and C9. We describe herein the first total synthesis
of 1 by an approach that features the use of highly effective
asymmetric catalytic reactions to set each stereocenter
independently.

The synthetic plan is outlined in Scheme 1. After discon-
nection of taurine (2) and fatty acid 3, fragment 4 remains
as the only chiral component. We envisioned tertiary alcohol
construction by alkylation of 2,2-disubstituted epoxide 5, a
substrate that would serve not only the purposes of this
synthesis but also as an interesting test for recently devel-
oped epoxide kinetic resolution protocols. To attain maxi-
mum flexibility in the synthesis of taurospongin A and its
diastereomers, we anticipated establishing the 1,3-diol
relationship at C7—C9 by means of distinct asymmetric
carbonyl reduction reactions.

Recently, our laboratories have identified highly effective
methods for the kinetic resolution of terminal epoxides
catalyzed by cobalt complex 7 and chromium complex 8.23
While the hydrolytic kinetic resolution (HKR) with catalyst
7 has been used with success with a wide variety of
monosubstituted terminal epoxides, 2,2-disubstituted ep-
oxide (4)-545 failed to react under HKR conditions. In
contrast, kinetic resolution with (salen)Cr catalyst 8 and
TMSN3; proved successful, providing the desired enantioen-
riched epoxide (S)-5 with a ky > 14 (eq 1).6 Thus, by
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employing 0.65 equiv of TMSN3; and 0.65 equiv of 2-propanol,
chiral epoxide 5 was isolated in 37% yield and 97% ee. The
use of 2-propanol was found to be essential for the attain-
ment of reasonable reaction rates in the Kinetic resolution
of 5. This additive effects the stoichiometric conversion of
TMSN3 to HNg3, the latter having been shown previously to
be the active reagent in the catalytic cycle.” The good
selectivity observed in the kinetic resolution of 5 is particu-
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larly notable given the small degree of steric differentiation
between the substituents in this 2,2-disubstituted epoxide.

Reaction of 5 with lithium acetylide/BF;-OEt, proceeded
cleanly to provide the desired tertiary alcohol, which was
next protected as a triethyl silyl ether to complete the
synthesis of chiral building block 9 (Scheme 2). f-Hydroxy
ester 6 was prepared in 99% ee by the asymmetric catalytic
hydrogenation of methyl acetoacetate as reported by Noyori
and co-workers.8 Protection as the TBS ether provided the
requisite second chiral building block, 10. The lithium
acetylide derivative of 9 was coupled with the Weinreb amide
derived from 10 to afford ynone 11 in 72% yield.%10

With the fragment 11 in hand, only the stereocenter at
C7 remained to be set. Although a variety of methods exist
for the stereocontrolled reduction of 5-alkoxy ketones, mod-
est diastereoselectivities are often observed, especially in
substrates lacking a-substituents.’® The asymmetric cata-
lytic transfer hydrogenation of ynones disclosed recently by
Noyori was considered as a particularly attractive alterna-
tive.12 In the context of our synthesis, the successful
implementation of the Noyori reduction would allow prepa-
ration of either C7 epimer by selection of the appropriate
enantiomer of the chiral catalyst. Treatment of propargylic
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a Reagents: (a) acetylene, n-BuLi, BF3-OEt,, THF, —78 °C, rt, 81%; (b) TESOTT, 2,6-lutidine, CH,Cl;, 0 °C, 97%; (c) (R)-BINAP-Ru(ll), H, (100
atm), MeOH, 92%, 99% ee; (d) TBSCI, imidazole, CH,Cl;, 91%; (e) (i) Me(MeO)NH-HCI, i-PrMgCl, THF, —10 °C, (ii) t-BuLi, THF, —78 °C, (iii) —10
°C, 60 °C, 72% (+24% of 9); (f) 2 mol % (R,R)-12, 2-propanol, 94%, >90% de; (g) Pd(OH)., EtsN, EtOAc, H3, 93%; (h) Ac,O, DMAP, pyridine, 99%;
(i) TBAF, HOAc, THF, 86%; (j) (i) cat. TEMPO, Aliquat 336, KBr, NaOCI, H,O, CHCly; (ii) allyl bromide, i-Pr,NEt, CH,Cl,, 81% (two steps); (k)
(i) HF-pyridine, THF; (ii) 3, DIC, i-Pr,NEt, DMAP, CH,Cl,, 79% (two steps); () (i) Pd(PPhs), pyrrolidine, CH,Cly; (ii) EtO,CCl, EtzN, THF; (iii)

taurine, MeCN, H;0, 68% (three steps).
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a Reagents: (a) (i) n-BuLi, THF, HMPA, —45 °C; (ii) cat p-TsOH,
MeOH, reflux, 78%; (b) PDC, MS 4A, Celite, CHCl;, 74%; (c) (PhO)sP,
12, 94%; (d) PhsP, MeCN, reflux, 93%; (e) NaHMDS, THF, —20 °C, rt,
72%; (f) LiOH, MeOH, THF, H,0, 83%.

ketone 11 with ruthenium catalyst 12 in 2-propanol provided
the desired propargylic alcohol (13) in 94% yield and >20:1
diastereoselectivity.1® Reduction using the opposite enanti-
omer of catalyst 12 gave the anti diastereocisomer with
similarly high diastereoselectivity (=20:1), confirming that
the stereoselectivity of ynone reduction is indeed completely
under catalyst control in this instance.

Hydrogenation of the triple bond, followed by acetylation
of the free secondary alcohol and selective deprotection of
both primary TBS and tertiary TES groups with TBAF and
acetic acid, provided diol 14 in 79% yield from 13. The
primary alcohol was then oxidized by means of TEMPO-
catalyzed reaction with hypochlorite'4 to afford the core
structure 4 (see Scheme 1), and this was prepared for the
final side-chain attachment steps by protection as the allyl
ester derivative 15.

The synthesis of unconjugated Z-enyne acid 3 is outlined
in Scheme 3. Reaction of the dianion derived from 5-pen-
tynoic acid with (3-bromopropoxy)-tert-butyldimethylsilane
provided the corresponding disubstituted alkynyl carboxylic
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acid,’®> which was converted to aldehyde 18 by treatment
with p-toluenesulfonic acid in methanol followed by PDC
oxidation. Wittig precursor 19 was prepared in two steps
from commercially available 1-heptadecanol. Condensation
of the derived ylide with aldehyde 18 provided the desired
Z-enyne ester 20 in 72% yield as a single isomer within both
1H and 13C NMR detection limits. Saponification of the ester
20 with lithium hydroxide gave desired acid 3 in 34% overall
yield for the five-step sequence.

Deprotection of the TBS ether of intermediate 15 with HF-
pyridine in THF was followed by immediate esterification
of the crude hydroxy acetate with 3 in order to suppress
unwanted migration of the C7 acetate group. Following
deprotection of the allyl ester, the resulting acid was
converted to the corresponding mixed anhydride in prepara-
tion for taurine coupling. It was found that the optimal
solvent for the amide bond construction was a mixture of
water and acetonitrile, allowing good taurine solubility while
avoiding hydrolysis of the mixed anhydride. Taurospongin
A was obtained in 68% vyield overall yield from 16. The
sulfonic acid was subsequently converted into methyl ester
17 for charactization purposes and comparison with the
analogous natural product derivative. The synthetic and
natural material were found to be identical in all respects
(*H and 13C NMR, [a]p, HRMS).

The synthesis of taurospongin A was accomplished in 14
steps from epoxide 5 in 6% overall yield, including the kinetic
resolution. The route highlights the power of modern asym-
metric catalytic methods in natural product synthesis, both
for accessing useful chiral building blocks and also for
achieving complete diastereocontrol in reactions of a rela-
tively complex substrate. The fact that all three stereo-
centers in taurospongin A were set independently by enan-
tioselective reactions allows ready access to all eight
stereoisomers of the core structure by the same basic
synthetic strategy.
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