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ABSTRACT

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.1 This unit was also recently found
to be present as a constituent in the molecules obtained
from the tree extracts Cryptocarya species.2 The structural
features of these aliphatic polyketides are comprised of a

bicyclic lactone unit that is unusual in ants, although
related compounds occur in plants of various families.3

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.1

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 folkmedicine has been substantiated
by the recent finding that extracts of P. lamellidens exhi-
bit significant analgesic and anti-inflammatory effects.4

Another two similar molecules cryptocaryolone (3) and
cryptocaryolone diacetate (4) were isolated from the bark
of a South African plant, Cryptocarya latifolia.3c Further
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investigation showed that they have significant biological
activities andmedicinal properties, ranging from the treat-
ment of headaches and morning sickness to that of cancer,
pulmonary disease, and various bacterial and fungal infec-
tions.5 The absolute and relative configurations of crypto-
caryolone (3) and cryptocaryolone diacetate (4) was estab-
lishedby its first total synthesis.7aThedistinctivebiological
activities and fascinating architectures have stimulated
synthetic efforts directed toward their total synthesis.6,7

In all previous reports, intramolecular Michael addition
reaction8was 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.9

Recently, we have reported a highly stereoselective synth-
esis of trans-2,6-disubstituted dihydropyran usingmolecu-
lar iodine as a cheap and eco-friendly Lewis acid catalyst.10

As part of our ongoing research on iodo-cyclization reac-
tions and its applications toward complex natural product

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

themost challenging bicyclic lactonewould 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. Iodo-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.10

Thehomoallyl alcohol 10wasobtainedby treating epoxide
9 with vinylmagnesium bromide in thepresence of a cata-
lytic amount of CuI at-20 �C in 85% yield (Scheme 2). In
order to achieve the synthesis of R,β-unsaturated aldehyde
11, a cross-metathesis (CM) between homoallyl alcohol 10
and acrolein (6.0 equiv) was carried out using aHoveyda-
Grubbs catalyst (10 mol %) in CH2Cl2 at room tempera-
ture for 2 h afforded δ-hydroxy R,β-unsaturated aldehyde
11 in 85% yield. Treatment of 11with 10mol%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,11 terminal olefin was selectively oxidized
to aldehyde 12 in 84% yield. The resultant aldehyde was
subjected to a Maruoka asymmetric allylation12 reaction
using (R)-BINOL to furnish the homoallyl alcohol 13
as a single isomer. It was then treated with di-tert-butyl

Figure 1. Structures of polyrhacitide A (1), polyrhacitide B (2),
cryptocaryolone (3), and cryptocaryolone diacetate (4).

Scheme 1. Retrosynthetic analysis of Polyrhacitide A (1) and
epi-Cryptocaryolone (3a)

(5) Sam, T. W.; Yeu, C. S.; Jodynis-Liebert, J.; Murias, M.; Bloszyk,
E. Planta Med. 2000, 66, 199.

(6) For previous syntheses of polyrhacitides, see: (a) Menz, H.;
Kirsch, S. F. Org. Lett. 2009, 11, 5634. (b) Ghosh, S.; Rao, C. N.
Tetrahedron Lett. 2010, 51, 2052. (c) Yadav, J. S.; Rajendar, G.; Ganganna,
B.; Srihari, P. Tetrahedron Lett. 2010, 51, 2154.

(7) For previous syntheses of cryptocaryolone and cryptocaryolone
diacetate, see: (a) Smith, C. M.; O’Doherty, G. A. Org. Lett. 2003, 5,
1959. (b) Wang, X.; Wang, W.; Zheng, H.; Su, Y.; Jiang, T.; He, Y.; She, X.
Org. Lett. 2009, 11, 3136.

(8) Nising, C. F.; Braese, S. Chem. Soc. Rev. 2008, 37, 1218.
(9) For recent reviews, see: (a) Stavbers, S.; Jereb, M.; Zupan, M.

Synthesis 2008, 1487. (b) Togo, H.; Lida, S. Synlett 2006, 2159. (c) Smith,
M. B. e-EROS Encyclopedia of Reagents for Organic Synthesis; John
Wiley & Sons, Ltd.: 2001. (d) French, A. N.; Bissrire, S.; Wirth, T. Chem.
Soc. Rev. 2004, 33, 354. (e) Das, S.; Borah, R.; Devi, R. R.; Thakur, A. J.
Synlett 2008, 2741. For some reaction using iodine as Lewis acid, see:
(f) Sun, J.; Dong, Y.; Cao, L.; Wang, X.; Wang, S.; Hu, Y. J. J. Org. Chem.
2004, 69, 8932. (g) Bosco, J. W. J.; Agrahari, A.; Saikia, A. K. Tetrahedron
Lett. 2006, 47, 4065.

(10) Mohaparta, D. K.; Das, P. P.; Pattanayak, M. R.; Yadav, J. S.
Chem.;Eur. J. 2010, 16, 2072.

(11) Yu, W.; Mei, Y.; Hua, Z.; Jin, Z. Org. Lett. 2004, 6, 3217.
(12) Hanawa, H.; Hashimoto, T.; Maruoka, K. J. Am. Chem. Soc.

2003, 125, 1708.



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

dicarbonate in the presenceofDMAPto formhomoallylic

tert-butyl carbonate 14 in 89% yield.13 The next stereo-

genic center of the polyol system with the desired stereo-

chemistry was achieved via a Bartlett-Smith iodo-carbonate

cyclization reaction.14,15 Treatment of compound 14 with

N-iodo succinimide in CH3CN 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.
The iodo-carbonate 7was treatedwithK2CO3 inMeOH

which rapidly underwent hydrolysis and in situ facile

epoxidation to furnish the 1,3-syn-epoxy alcohol 6 in

94% yield (Scheme 3).14 Treatment of epoxide 6 with

hexylmagnesium bromide in the presence of a catalytic

amount ofCuI16 at 0 �Cafforded 1,3-syn diol 15whichwas

subsequently protected as its acetonide with 2,2-DMP to

obtain 16 in 96% yield.17 The PMB group was selectively

deprotected using DDQ under standard conditions to give

the primary alcohol 17 in 98% yield. The primary alcohol

17was converted to acid by following a two-step sequence

of an oxidation process; first alcohol was converted to

aldehyde by Dess-Martin periodinane17 followed by

Pinnick oxidation18 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 NaHCO3 solution
19 to furnish the desired

iodo-lactone 18 as a single diastereomeric product in 81%

yield. The iodo group was knocked down using tri-n-

butyltinhydride20 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 (1H and 13C NMR) and

analytical data {[R]D25 þ8.0 (c 1.2, MeOH); lit.1 [R]D25

þ8.3 (c 0.6, MeOH)} which were in good agreement with

the reported values for natural product.1,6

To accomplish the second target molecule epi-crypto-

caryolone (3a), we initiated our synthesis from the ad-

vanced iodocarbonate derivative7. Itwas reduced to 20via

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/H2O 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

Scheme 2. Synthesis of Iodo-carbonate 7 Scheme 3. Synthesis of Polyrhacitide A (1)
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conditions as followed in Scheme 3, epi-cryptocaryolone
(3a) was furnished in good overall yield. The spectral

(1H and 13C NMR) and analytical data {[R]D25 þ18.6
(c 1.0, CHCl3); lit.

7b [R]D20 -20 (c 0.04, CHCl3)} 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.Wehave 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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Scheme 4. Synthesis of epi-Cryptocaryolone (3a)


