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ABSTRACT

A unified synthetic strategy to the Cryptocarya family of natural products has been achieved employing four-component fragment unions in a
“single flask” exploiting Anion Relay Chemistry (ARC). Functionalization of the ARC adducts permits rapid construction of five polyhydroxylated
di- and tetrahydropyrone natural products of the Cryptocarya class (1�5), in a total of 7�9 steps from commercially available materials.

Recently, polyhydroxylated dihydropyrone natural pro-
ducts and derivatives have drawn significant attention
from the biochemical and synthetic communities.1 Cryp-
tocarya diacetate 1, cryptocarya triacetate 2, cryptocaryo-
lone 3, and the diacetate 4, as well as polyrhacitide A 5, all
belong to this general class. The natural sources;the bark
of South African Cryptocarya latifolia (1�4)2 and the
Chinese ant Polyrhacis lamellidens (5)3;are used in folk
medicine as analgesics. Structural analogs of 1 have also
been associated with R-tubulin binding activity, based
on the premise that the common R,β-unsaturated lactone
moietymayoperate asaMichael acceptor fora specific lysine

R-tubulin residue (Lys352), in conjunction with stabilization
of the adduct via hydrogen bonding.1b

Numerous strategically diverse syntheses have been re-
ported leading to the constructionofdifferent subsets of these
natural products.4 In particular, She et al. utilized Anion
Relay Chemistry (ARC) in a concise route to 2�4.4e In this
context, we recently developed an augmented ARC-based
strategy toaccessmembersof theCryptocaryaclass inamore
efficient manner.
ARC comprises a powerful tactic to assemble complex

fragments in natural product total synthesis.5 The utility of
ARC also resides in its application to diversity-oriented
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syntheses (DOS), that is, the potential to introduce rapidly
structural complexity from readily available fragments.6 In
Type I ARC, two electrophiles are tethered to an anionic
linchpin (6) via [1,4]-Brook rearrangement (Scheme 1a),
whereas, inType IIARC, the use of a bifunctional linchpin
(8) permits the relay of the negative charge of an initiating
nucleophile to a distal carbon atom prior to electrophilic
capture (Scheme 1b). The latter version of ARC in parti-
cular holds promise for iterative additions of diverse
linchpins, by means of a repeated charge relay in a way
not dissimilar to “living polymerization.”7

Based on this paradigm,we envisioned thatARCcould be
extended vis-�a-vis the work of She to construct the advanced
carbon skeletons required for 1�5 via a four-component
“single flask” union. Specifically, we reasoned that access to
targets 1�5 (Scheme 2) could be achieved via acetylation or
intramolecular oxa-Michael addition of polyol derivatives
(15), which in turn would arise via syn-diastereoselective
reduction of a suitable hydroxy-ketone (16). In all cases,
formationof the dihydropyronemotifwould arise fromring-
closingmetathesis of the corresponding polyketide precursor
(17), the latter constructedutilizing appropriateARCtactics.
Cryptocarya diacetate (1) comprised a useful first model

to fuel the development of reaction conditions both for the
key four-component ARC step (Scheme 3) and for the
subsequent transformations. Toward this end, application
of Type I ARC involving nucleophilic attack of (S)-methyl
oxirane by 2-lithio-2-TBS-1,3-dithiane (Li-22), followed by
a solvent-triggered Brook rearrangement to regenerate
a carbon nucleophile at the 2-position of the dithiane (24),
would permit capture of a second electrophile. The signifi-
cant basicity of 24 however would preclude use of allyl-
oxiranes as the terminating electrophile to access directly 27,

given the propensity of allylic epoxides for elimination. We
turned instead to amore general synthetic approach, impor-
tantly involving minimal protecting-group manipulations,
employing (S)-epichlorohydrin as the second electrophile.8

As previously reported, lithio-dithianes are known under
our conditions to attack exclusively at the 3-position
(in particular avoiding direct displacement of the chloride),9

with the resulting chlorohydrin anion (25) being stable
at�40 �C.Formationof anewelectrophilic terminal epoxide
(26) can then be achieved simply by warming the reaction
mixture to room temperature once consumption of 24 is
complete (TLC). We also discovered that introduction of
epichlorohydrin prior to triggering theBrook rearrangement,
orchestrated by addition of hexamethyl phosphoramide
(HMPA), results in a 1.6-fold increase in union efficiency;
carbanion 24 thus reacts with the excess electrophile as soon
as it is generated. Addition of vinylmagnesium bromide
under copper-catalyzed conditions to epoxide 26 com-
pletes construction of the advanced homoallylic alcohol

Scheme 1. Type I and Type II Anion Relay Chemistry

Scheme 2. Comparison of Synthetic Strategies
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skeleton 27, obtained in 75% yield in a “single flask”
from ethylene oxide. Pleasingly, the average yield for
each of the three carbon�carbon bond forming steps
nears 90% (Scheme 3).

Dithiane 27was next subjected tomercury(II)-mediated
hydrolysis,10 which proved to be superior to oxidative
dithiane removal protocols.11 Subsequent treatment with
acryloyl chloride in the presence of H€unig’s base12 furnishes
acrylate 28 in 97% yield over 2 steps. Next, ring-closing
metathesis (RCM), carriedoutundermicrowave irradiation,13

employing the Hoveyda�Grubbs second generation catalyst,
completed construction of the dihydropyrone moiety in
87% yield. For the RCM conversion, revealing the carbo-
nyl moiety andmaintaining TBS protection on the adjacent
hydroxyl group in 28 proved to be beneficial. Following
RCM, the silyl protecting group was removed in 84% yield
employing trifluoroaceticacid (TFA) and thioanisole,14 thus
setting the stage for a syn-diastereoselective reduction of the
β-hydroxyketone in 29.15 Use of diethyl methoxyborane
and sodium borohydride proceeded smoothly; however, a
boronate ester was initially isolated instead of the expected
diol. Methanolysis released the desired diol (30) in 70%
overall yield. Bis-acetylation then completed the construc-
tion of cryptocarya diacetate 1. The synthetic sequence
proceeded in 7 steps and 25% overall yield (Scheme 4).
The syntheses of 2�5, in turn, relied on Type II ARC,

which permits introduction of the requisite additional
carbinol motif in the polyol skeleton (Scheme 5). To
this end, ARC union of 2-methyl-1,3-dithiane 31 with

bifunctional linchpin (R)-20 and epichlorohydrin,16 fol-
lowed by copper(I)-mediated addition of vinylmagnesium
bromide, provided again in a “single flask” advanced
homoallylic alcohol 32 in 52% yield. Application of the
dithiane hydrolysis, acylation, and ring-closing metathesis
protocols developed for 1 permitted isolation of dihydro-
pyrone 34 in 51% yield for the 3 steps from 32. Depro-
tection and directed reduction with sodium borohydride
next furnished syn-triol 36, whichwithout purification was
either per-acetylated to yield cryptocarya triacetate 2 [65%
over 2 steps, 17% overall, for 7 steps from (R)-20] or
subjected to catalytic acid to trigger an intramolecular oxa-
Michael cyclization to furnish cryptocaryolone 3 in 60%
for the final 2 steps [16% overall also from (R)-20].
Cryptocaryolone diacetate (4) was then obtained in near-
quantitative yield upon treatment with acetic anhydride.4c

To access polyrhacitide A (5), we exploited the previously
developed ARC Type II protocol, now employing n-heptyl-
dithiane 37, prepared by condensation of 1,3-propanedithiol
and n-octanal,17 as the initiating nucleophile (Scheme 6). The
change in nature of the dithiane alkyl chain, however, had a
detrimental impact on the ARC reaction efficiency (36%),
probably due to the increased steric hindrance at the dithiane
nucleophilic carbon. Notwithstanding this shortcoming, the
reaction was carried out on gram scale, thus readily
furnishing material to complete the synthesis following
a similar route designed for 2�4. Specifically, dithiane
removal, acylation of the homoallylic alcohol, and RCM
led to dihydropyrone 39 (59% over 3 steps). Removal of
the TBS protecting group (95%), syn-diastereoselective

Scheme 3. Type I ARC in the Synthesis of 1

Scheme 4. Synthesis of Cryptocarya Diacetate (1)
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reduction (83%), and oxa-Michael cyclization (98%)
then completed the construction of polyrhacitide A (5),
in a total of 7 steps and 16% overall yield from (S)-20
(Scheme 6).
In summary, Anion Relay Chemistry (ARC) has been

exploited for the rapid construction of a small library of
polyhydroxylated pyrone natural products, which could be
accessed in 7�9 steps from commercially available materials.
Initial studies, utilizing the Type I ARC tactic, led to the
synthesis of (þ)-cryptocarya diacetate 1, which was extended
to the Type II ARC protocol to furnish (þ)-cryptocarya

triacetate 2, (�)-cryptocaryolone 3, (�)-cryptocaryolone di-
acetate 4, and (þ)-polyrhacitide A 5. Application of ARC
tactics for the construction of more complex congeners of
this class of bioactive natural products continues in our
laboratory.
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