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C27-C40 fragment of tetrafibricin

The isolated stereogenic centers of 1,5-polyol-containing natural products present challenges to synthesis and structure determination. To
address this problem, a configuration-encoded strategy defines each configuration within a simple 4-(arylsulfonyl)butyronitrile building block,
a repeat unit that is reliably and efficiently coupled in iterative fashion to afford 1,5-polyols of defined stereochemistry. For example, the
C27—C40 subunit of tetrafibricin is prepared in five steps and 42% yield. This strategy is amenable to rapid and unambiguous preparation of

all configurational permutations of 1,5-polyols with equal facility.

Chiral 1,5-polyol substructures are present in natural products
offering awide range of biological activities (Figure 1), such
as tetrafibricin (nonpeptide fibrinogen receptor antagonist)*
and muricapentocin (selective cytotoxicity for colon cancer
cell line HT-29: EDs, 71 ng/mL),? as well as lydicamycin
(antibiotic active against multidrug resistant strains),® sporm-
inarin B (antifungal),* and amphidinol 3 (hemolytic and
antifungal).®
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Configurational assignments of isolated stereogenic centers
in the 1,5-polyol sectors of these natural products present
significant challenges, and in fact, many related compounds
lack complete assignments of stereostructure.>” 467

Application of adol bond construction strategies® to 1,5
polyols would encounter daunting regio- and stereoselection
problemsin dehydration of aternating hydroxyl functions. New
synthetic strategies tailored specificdly for accessto 1,5-polyols
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Figure 1. Structures of representative 1,5-polyol-containing bioactive natural products. Asterisks denote unknown configurations.

have attracted significant interest, leading to development of
an iterative dlylation and cross metathesis approach by Cossy
et a.® and abidirectional double alylboration by Roush et a.*°
These approaches to 1,5-polyols generate new stereogenic
centers during C—C bond construction, which creates a number
of configurational assignment problems, as the integrity of
reagent control must be rigoroudly confirmed at each stage.

We sought a conceptually new approach to 1,5-polyols that
would meet the following objectives: (a) carbon—carbon bond
construction would occur without generating stereogenic centers,
(b) preparation of al relative configurations would be equally
facile, and (c) rapid assembly would be achieved with smple
reagents. With these criteria in mind, we devised a configura-
tion-encoded approach that defines the stereogenic center of
each hydroxyl group within separate modules, prepared with
both R and S configurations and designed for iterative as-
sembly.** With hydroxyl configurations independent from the
coupling chemistry, the desired configuration would be simply
and unambiguoudly fixed during synthesis by the selection of
building blocks at each stage of the iterative coupling sequence.
This strategy-level innovation would not only permit versatile
gpplication to targets of known configurations but also facilitate
stereochemical assignments of 1,5-polyol natura products
through synthesis. Here, we report initial studies which validate
this strategy and an application to a concise synthess of the
C27—CA0 portion of tetrafibricin.

To initiate experimental efforts, we carefully selected a
reliable method for the key C—C coupling which would link
the configuration-encoded building blocks. We selected
Julia—Kocienski olefination'® as a well-established C—C
bond construction that takes place under moderately basic
conditions compatible with a wide range of functionalities.
Accordingly, the four-carbon building block would need
sulfone and aldehyde functionalities at the two termini, and
oligomer synthesis would proceed via addition of the sulfone
to the aldehyde functionality upon the growing 1,5-polyol
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chain (Scheme 1). The olefin functionality generated in this
coupling could be retained or reduced, accommodating 1,5-
polyol targets both saturated and unsaturated (Figure 1).

Scheme 1
C:)H C:)H OH

OHC

OP SOAr  OP SOAr OP SOAr

R
(\)9\_, (\/b\ﬂ ¢
(0] (0] 0] 0]
(build from right to left) START
TBSO  SO.PT TBSO  SO.PT
NC (A)-1 NC (S)-1

Next, we identified a functiond equivadent for the adehyde,
orthogond to both O-slylprotection and Julia—Kocienski olfi-
nation. After some disgppointing preliminary studies usng protec-
tion of the ddehyde as an acetd, we turned to anitrile asamasked
adehyde, to be reveded by DIBAL-H reduction. This called for
preparation of a-slyloxy-y-sulfononitrile 1 (Scheme 2).
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Synthesis of the configuration-encoded building blocks
(R)-1 and (9-1 (Scheme 2) commenced with addition of
commercially available 1-phenyl-1H-tetrazol-5-thiol (PTSH)
to acrolein to afford aldehyde 2, which was then subjected
to asymmetric addition of trimethylsilyl cyanide in the
presence of catalyst 3-Ti(Oi-Pr),* to afford cyanohydrin 4
in 83—86% ee.* Without further optimization, the asym-
metric cyanation on ca. 10 g scale afforded (R)-4 (99% yield)
and (S)-4 (96% yield), with ligand recoveries of 92 and 71%,
respectively. Protection of the hydroxyl group as a tert-
butyldimethylsilyl ether and S-oxidation (H,O,, 4 mol %
ammonium molybdate) furnished sulfone (S)-1in an overall
yield of 88% from commercia materials. Recrystallization
of (R)- or (§-1 furnished enantiopure materia (60%
recovery, one crop).

Theinitial Julia—Kocienski couplings (Table 1) of 1 were
very clean and highly selective. Metalation of 1 (NaHMDS

Table 1. Julia—Kocienski Couplings of (R)-1%

TBSO  SOPT ) pase, THF, —78 °C TBSO
xR
NC i) aldehyde (RCHO) NC
(R)-1 or {(S)-1 5-9
entry aldehyde sulfone product, yield (ratio)
OTBS
1P PhCHO A1 H
(R) NC/\/\/Ph
5, 99% (E/Z >98:2)d
OTBS
20 FPrCHO A1 M)\
(R) NG X
6, 96% (£/Z 95:5)¢
QTBS OTBS OTBS
30 A1 H
OHCJ\ ) NC x

7, 95% (E/Z >98:2)4

TBSO TBSO TBSO
OHC © NC x

8, 99% (F/Z >95:5)°

oTBS oTBS  OTBS

N S L. & B NG N
10 (R,R)-9, 88% (E,E/E,Z>95:5)°
oTBS oTBS  OTBS

8 oHe NP (91 e e
10 (S,R)-9, 96% (E,E/E,Z >95:5)°

2 Conditions: (R)-1, base (1.2 equiv, NaHMDS or KHMDS), —78 °C,
45 min; then aldehyde (1.0 equiv), —78 °C to ambient temperature, 3 h.
b KHMDS was employed. © NaHMDS was employed. © E/Z ratio measured
by integration of the *H NMR spectrum. ©*H NMR peaks for the Z isomer
were not observed.

or KHMDS, —78 °C)* and coupling with a variety of
aldehydes afforded the expected adducts (E/Z ratios from
95:5 to >98:2, Table 1).*® With benzaldehyde, adduct 5 was
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Scheme 3
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obtained in 98% yield (E/Z > 98:2, entry 1). Aliphatic (entry
2) and a-silyloxy-substituted aliphatic aldehydes (entries
3—6) aso coupled efficiently, regardless of whether 1,5-syn
or 1,5-anti relative configurations were formed (entries 5 and
6).

Next, the unveiling of the masked aldehyde was examined.
Upon exposure to DIBAL-H, nitrile reduction of 5 smoothly
released the aldehyde 10 in 91% yield (eq 1) for a second
iteration of the coupling sequence. This completes one full
iteration in overall 88% yield.

OTBS
DIBAL-H X ~_Ph
_— | (D
0 10, 91%

The iterative approach was next tested in three successive
couplings of lactaldehyde 11 with (R)-1. The first iteration
gave 1,5-diol 12 in 76% yield over two steps (E/Z > 98:2);
a second iteration and third coupling afforded 1,5,9-triol 13
(67%, two steps) and 1,5,9,13-tetrol 14, respectively. In the
second and third couplings, minor Z isomers were not
observed in *H NMR spectra; they presumably form in
amounts less than 5% (by analogy with the first coupling).

Finally, we examined application of this strategy toward
synthesis of the C27—C40 fragment of tetrafibricin, a
nonpeptide fibrinogen receptor antagonist™” inhibiting platelet
aggregation by blocking glycoprotein interactions at the
platelet surface. Tetrafibricin is the subject of ongoing
synthetic efforts. The most advanced route reported to date

(13) Qin, Y. C; Liu, L.; Py, L. Org. Lett. 2005, 7, 2381-2383.
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(15) (a) A control experiment detected no loss of enantiopurity in (R)-1
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bearing remote O-alkyl- or O-silylcyanohydrin functionality has not been
previously reported.
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resonance could not be integrated (either not present or not resolved), the
ratio was recorded in Table 1 as >95:5.
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Scheme 4

Configuration-Encoded 1,5-Polyol Synthesis -- Two lterations

OTBS OTBS  OTBS OTBS OTBS  OTBS
(8)-1, KHMDS (8)-1, KHMDS
OHC OPMB —— X oPMB — X X OPMB
15 85% 16a (R = CN) 86% 17a (R = CN)

a DIBAL-H al DIBAL-H
16b (R = CHO) 78% 17b (R = CHO) 899%

C27-C40 fragment 0 QTBS OTBS OTBSZ7 PhsP=CHCHO

of tetrafibricin NI R R OPMB

40

(E,E,E)-18 (89%), other isomers (5%)

is that of Curran, who reported syntheses of C1—C20 and
C21—C40 fragments in 14 steps (2.2% yield) and 17 steps
(2.6% vyield), respectively; fragment coupling has not been
reported.*18

From aldehyde 15 (80% ee), we have prepared the
C27—C40 fragment of tetrafibricin in five steps and 42%
yield using two iterations of configuration-encoded Julia—
Kocienski coupling (Scheme 4). Coupling in thefirst iteration
gave 16a (E/Z = 95:5, *H NMR), and then reduction of the
nitrile function unveiled aldehyde 16b (78% yield, plus 14%
recovery of 16a) for the second iteration. Another coupling
with (§)-1 and reduction afforded 17b. Homologation with
a stabilized ylide afforded a,f-unsaturated aldehyde 18,
isolated as a single isomer in 89% yield, completing the
assembly of the C27—C40 carbon skeleton of tetrafibricin.
In this last step, the small quantities of minor isomers (5%
combined yield) indicated very high selectivities in al of
the Julia—Kocienski olefinations en route to 18, and by
analogy, those shown in Scheme 3.

In conclusion, we have designed a concise and extremely
efficient strategy for stereocontrolled synthesis of 1,5-polyols.

The approach employs asymmetric catalysis to install the
oxygen-bearing stereogenic centers, in contrast to existing
approaches using stoichiometric chira reagents. The key
innovation in this 1,5-polyol synthesisis at the strategy level,
encoding the hydroxyl configuration within a simple repest-
ing unit that is efficiently and cheaply prepared viaa scalable
route. Using reliable Julia—Kocienski coupling, facile as-
sembly of all stereochemical permutations of any given 1,5-
polyol may be readily envisioned, with configurations
programmed by selection of building blocks.
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