lodo-cyclizations: Novel Strategy for the
Total Syntheses of Polyrhacitide A and

epi-Cryptocaryolone

ORGANIC
LETTERS

2011
Vol. 13, No. 4
744-747

Debendra K. Mohapatra,* Eswar Bhimireddy, P. Sivarama Krishnarao, Pragna P. Das,

and J. S. Yadav*

Organic Chemistry Division-1, Indian Institute of Chemical Technology (CSIR),

Hyderabad 500 607, India

mohapatra@iict.res.in, yadavpub@jiict.res.in

Received December 9, 2010

ABSTRACT

1% iodo

cyclization =
[y~ OPMB LTE /\)/j\/\
o) & 0

Ol

OH OH H NSO
“‘x/'“\\/’“x,f"k/k/\'“’ :_\"'H

oA

H

Polyrhacitide A

2™ jodo
cyclization OJ\O

——
OPMB |\/l\/[\/ o)

o]
|’P’ OPMB

4/3"‘ iodo \
# cyclization \

O
o H
H

epi-Cryptocaryolone

Highly stereoselective total syntheses of polyrhacitide A and epi-cryptocaryolone have been achieved in 11 steps with high overall yield of 24%
and 28%, respectively, following a recently developed strategy for the construction of trans-2,6-disubstituted-3,4-dihydropyrans. In this report, the
versatility of iodo-cyclization for the total syntheses of polyrhacitide A and epi-cryptocaryolone is demonstrated.

In 2008, Jiang and Kouno reported the isolation of two
aliphatic polyketides known as polyrhacitide A (1) and
polyrhacitide B (2) (Figure 1) from the Chinese ant species
Polyrhachis lamellidens." This unit was also recently found
to be present as a constituent in the molecules obtained
from the tree extracts Cryptocarya species.” The structural
features of these aliphatic polyketides are comprised of a
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bicyclic lactone unit that is unusual in ants, although
related compounds occur in plants of various families.’
The structure of polyrhacitides A (1) and B (2) have been
determined on the basis of extensive NMR investigations,
whereas the absolute configuration was ascertained by
applying acetonide and Mosher’s MTPA ester methods.’

Biological activity of the polyrhacitides has not been
extensively studied presumably due to the limited supply
from natural sources. However, the Chinese medicinal ant
P. lamellidens has been used traditionally as a folk medi-
cine for the treatment of rheumatoid arthritis and hepatitis
in China. This role in folk medicine has been substantiated
by the recent finding that extracts of P. lamellidens exhi-
bit significant analgesic and anti-inflammatory effects.*
Another two similar molecules cryptocaryolone (3) and
cryptocaryolone diacetate (4) were isolated from the bark
of a South African plant, Cryptocarya latifolia.>* Further
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Figure 1. Structures of polyrhacitide A (1), polyrhacitide B (2),
cryptocaryolone (3), and cryptocaryolone diacetate (4).

investigation showed that they have significant biological
activities and medicinal properties, ranging from the treat-
ment of headaches and morning sickness to that of cancer,
pulmonary disease, and various bacterial and fungal infec-
tions.” The absolute and relative configurations of crypto-
caryolone (3) and cryptocaryolone diacetate (4) was estab-
lished by its first total synthesis.”* The distinctive biological
activities and fascinating architectures have stimulated
synthetic efforts directed toward their total synthesis.®’
In all previous reports, intramolecular Michael addition
reaction® was the only route for the synthesis of the bicyclic
lactone core. To overcome these constraints, new synthetic
strategies are well desired, and this prompted us to develop
a concise, stereoselective synthetic pathway via an advanced
intermediate from which both polyrhacitide A (1) and epi-
cryptocaryolone (3a) could be obtained.

In recent years, the use of molecular iodine in organic
synthesis has received considerable attention as an inex-
pensive, nontoxic, readily available mild Lewis acid cata-
lyst for various organic synthesis and transformations.’
Recently, we have reported a highly stereoselective synth-
esis of trans-2,6-disubstituted dihydropyran using molecu-
lar iodine as a cheap and eco-friendly Lewis acid catalyst.'®
As part of our ongoing research on iodo-cyclization reac-
tions and its applications toward complex natural product
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Scheme 1. Retrosynthetic analysis of Polyrhacitide A (1) and
epi-Cryptocaryolone (3a)
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synthesis, herein, we report a successful syntheses of poly-
rhacitide A (1) and epi-cryptocaryolone (3a) in a highly
stereoselective and concise manner.

From a retrosynthetic perspective, we envisioned that
the most challenging bicyclic lactone would be constructed
from the acid 5 via iodo-lactonization that in turn would
arise from the terminal epoxide 6 (Scheme 1). The epoxide
could be prepared from iodo-derivative 7, which serves as
an advanced common intermediate for the syntheses of 1
and 3a. lodo-carbonate intermediate 7 could be obtained
from a known intermediate 8 which in turn could be
prepared following a recently reported protocol from our
lab.

The synthesis commenced from the known chiral ep-
oxide 9 which was converted to a trans-2,6-disubstituted
dihydropyran ring system 8 via recently reported highly
stereoselective iodine catalyzed allylation methodology.'”
The homoallyl alcohol 10 was obtained by treating epoxide
9 with vinylmagnesium bromide in thepresence of a cata-
lytic amount of Cul at —20 °C in 85% yield (Scheme 2). In
order to achieve the synthesis of a,f-unsaturated aldehyde
11, a cross-metathesis (CM) between homoallyl alcohol 10
and acrolein (6.0 equiv) was carried out using a Hoveyda—
Grubbs catalyst (10 mol %) in CH,Cl, at room tempera-
ture for 2 h afforded d-hydroxy o, S-unsaturated aldehyde
11 in 85% yield. Treatment of 11 with 10 mol % molecular
iodine in THF at room temperature furnished the trans-
2,6-disubstituted-3,4-dihydropyran 8 in 91% yield. Next,
following Jin’s one-step dihydroxylation—oxidation
protocol,'' terminal olefin was selectively oxidized
to aldehyde 12 in 84% yield. The resultant aldehyde was
subjected to a Maruoka asymmetric allylation'? reaction
using (R)-BINOL to furnish the homoallyl alcohol 13
as a single isomer. It was then treated with di-zerz-butyl
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Scheme 2. Synthesis of lodo-carbonate 7
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dicarbonate in the presence of DM AP to form homoallylic
tert-butyl carbonate 14 in 89% yield.'* The next stereo-
genic center of the polyol system with the desired sterco-
chemistry was achieved via a Bartlett—Smith iodo-carbonate
cyclization reaction.'*!'® Treatment of compound 14 with
N-iodo succinimide in CH3;CN at 0 °C produced the
desired iodo-carbonate derivative 7 in good yield (92%)
as the only product. It is worthy of mention here that the
iodo-carbonate 7 can be synthesized in a sizable amount,
was unstable on long-standing, and quickly purified by
flash column chromatography.

Theiodo-carbonate 7 was treated with K,COz in MeOH
which rapidly underwent hydrolysis and in situ facile
epoxidation to furnish the 1,3-syn-epoxy alcohol 6 in
94% vyield (Scheme 3).'* Treatment of epoxide 6 with
hexylmagnesium bromide in the presence of a catalytic
amount of Cul'®at 0 °C afforded 1,3-syn diol 15 which was
subsequently protected as its acetonide with 2,2-DMP to
obtain 16 in 96% yield."” The PMB group was selectively
deprotected using DDQ under standard conditions to give
the primary alcohol 17 in 98% yield. The primary alcohol
17 was converted to acid by following a two-step sequence
of an oxidation process; first alcohol was converted to
aldehyde by Dess—Martin periodinane'’ followed by
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Scheme 3. Synthesis of Polyrhacitide A (1)
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Pinnick oxidation'® to form acid 5a in 83% yield over two
steps. Our next task was the third iodo-cyclization which
went smoothly with molecular iodine in the presence of
KI in aqueous NaHCOj solution'? to furnish the desired
iodo-lactone 18 as a single diastereomeric product in 81%
yield. The iodo group was knocked down using tri-n-
butyltinhydride®® in refluxing toluene in the presence of
catalytic AIBN to obtain 19 in 95% yield. Finally, the
1,3-acetonide group was deprotected with CSA in MeOH
to afford polyrhacitide A (1) in excellent yield. The inte-
grity of synthetic polyrhacitide A (1) was assigned by
comparison with its spectral ("H and '*C NMR) and
analytical data {[o]p> +8.0 (¢ 1.2, MeOH); lit." [a]p>
+8.3 (¢ 0.6, MeOH)} which were in good agreement with
the reported values for natural product.'

To accomplish the second target molecule epi-crypto-
caryolone (3a), we initiated our synthesis from the ad-
vanced iodocarbonate derivative 7. It was reduced to 20 via
deiodination using tri-n-butyltin hydride and a catalytic
amount of AIBN in refluxing toluene (Scheme 4). The
carbonate derivative 20 was hydrolyzed to syn-1,3-diol 21
by KOH in the MeOH/H,O system in quantitative yield
and subsequently treated with 2,2-DMP in the presence of
catalytic CSA to achieve acetonide protected 22 in 95%
yield. Following the same sequence of reactions and
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Scheme 4. Synthesis of epi-Cryptocaryolone (3a)
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conditions as followed in Scheme 3, epi-cryptocaryolone
(3a) was furnished in good overall yield. The spectral

Org. Lett,, Vol. 13, No. 4, 2011

('"H and '*C NMR) and analytical data {[a]p> +18.6
(¢ 1.0, CHCL); lit.”® [a]p™® —20 (¢ 0.04, CHCl;)} were
in good agreement with the reported values for
natural product.

In conclusion, we have demonstrated an efficient, highly
diastereoselective, and concise approach to accomplish
both polyrhacitide A and epi-cryptocaryolone from a
known intermediate 7 in 11 steps and 24% and 28% of
overall yield, respectively. We have utilized cheap, environ-
mentally benign molecular iodine for different iodo-
cyclizations as key steps to construct the 2,6-trans-tetra-
hydropyran ring, 1,3-syn-diol, and bicyclic lactone in a
highly stereoselective manner. In addition, following the
above protocol other molecules of the series can readily be
achievable in sizable amounts from an advanced common
intermediate 7 for further biological studies which are in
progress in our laboratory and will be reported in due
course.
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