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Abstract: The cis-fused decalin segment 6 required for the total synthesis of popolohuanone E (1) was 
efficiently synthesized starting from the enanfiomerically pure (-)-Wieland-Miescher ketone derivative 9; 
the method features ortho ester Claisen rearrangement of 15 and Ir-catalyzed hydrogenation of 1 7 
(Scheme 2). Furthermore, by employing 6 as the key decalin segment, the first total synthesis of 
natural (+)-arenarol (2) related to the proposed biogenetic precursor of 1, was accomplished in an 
enantioselective manner (Scheme 3). © 1997 Elsevier Science Ltd. 

Popolohuanone E (1) isolated from the Pohnpei marine sponge Dysidea sp. along with the known arenarol 
(2) by Scheuer et al. in 1993, is a potent inhibitor of topoisomerase-II and exhibits highly selective cytotoxicity 
against human non-small cell lung cancer cells. 2 The structure of 1 was revealed by extensive spectroscopic 
studies to have a unique 3,7,8-trihydroxydibenzofuran-l,4-dione skeleton which possesses two identical cis- 

fused decalin moieties the same as in 2. 2 It has been proposed that 1 may be produced biogenetically by 
oxidative dimerization of the as-yet-unreported 6'-hydroxyarenarol (3). 2,3 Its remarkable biological properties 
as well as its novel structural features make 1 an exceptionally intriguing and timely target for total synthesis. 

In the course of our ongoing project directed toward the total synthesis of optically active 1, we have already 
succeeded in developing the general and efficient synthetic pathway to the 2,6-disubstituted-3,7,8-trihydroxy- 
dibenzofuran-l,4-dione derivatives representing model compounds for the central tricyclic ring system of 1.4 
Based on these preliminary studies, our retrosynthetic plan for 1 was devised as outlined in Scheme 1. The 
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key feature in this plan consists of the regiocontrolled annulation of the phenolic segment 4 with the quinone 
segment 5 to construct the core structure for 1. These segments 4 and 5 are anticipated to be elaborated through 
the coupling reaction of the cis-fused decalin segment 6 accessible from the enantiomerically pure (-)-Wieland- 
Miescher ketone derivative 9, with the corresponding aromatic segments 7 and 8, respectively. In this 
communication, we wish to report a facile synthesis of optically active 6, which contains four contiguous 
asymmetric stereogenic centers and two quaternary carbons, starting from 9. The sequence involves ortho ester 
Claisen rearrangement of the allylic alcohol 15 to construct stereoselectively the quaternary carbon at the C-1 
position (15~16) and k-catalyzed hydrogenation of the exocyclic olefin 17 to control the stereochemistry at the 
C-2 position (17--,18) as the key steps (Scheme 2). Furthermore, we demonstrate the utility of 6 in the first 
enantioselective total synthesis of natural (+)-arenarol (2) related to the proposed biogenetic precursor of 1, 6'- 
hydroxyarenarol (3) 2 (Scheme 3). Arenarol was first isolated from the marine sponge Dysidea arenaria in 

19845 and subsequently from a Fenestraspngia species. 6 This marine natural product is reported to show 
moderate cytotoxicity against the P388 murine leukemia cell. 5 The structure of 2, including its relative 
stereochemistry, was revealed by X-ray diffraction analysis of the corresponding diacetate, 5 and the absolute 
configuration was subsequently established by extensive chemical correlation. 7 Only one total synthesis of 
racemic 2 was achieved by Wierner et al. in 1995, 8 while the total synthesis of optically active 2 has not been 

reported to date. 
At first, the synthesis of the cis-fused decalin segment 6 was investigated as shown in Scheme 2. The 

starting material 9, [¢t]D20-140 ° (c 0.21, MeOH) [lit., 9 [Gt]D20-140 ° (C 0.20, MeOH)] and mp 50-51°C [lit., 9 mp 

47-48°C], was readily prepared in an enantiomerically pure form (>99% ee) 10 according to the reported 
procedure. 9 Chemoselective protection 9 of 9 followed by stereocontrolled hydrogenation 11 of the resulting 
acetal 10 provided exclusively the desired cis-fused decalin derivative as a hardly separable mixture of the C- 1 
epimers (ct:13=1:13), which smoothly converged to the thermodynamically more stable 11 (69% from 9), [U]D 2° 

-72.0 ° (c 1.08, CHCb) and mp 84-85°C, by base-catalyzed epimerization. A single crystal X-ray analysis of 1 1 
established its stereostructure unambiguously. 12 Treatment of 11 with potassium cyanide in the presence of 
acetic acid followed by dehydration with thionyl chloride in pyridine yielded the nitriles 12a and 12b as a 
hardly separable mixture of two possible regioisomers (AL2:A2.3=20:I) (70%, 2 steps). This mixture was 
reduced with diisobutylaluminium hydride (DIBAL) to furnish the corresponding aldehydes 13a and 13b 
(20:1), which could be readily separated by recrystallization from hexane to afford the desired A t.2 aldehyde 13a 
(70%), [Ct]D 2° -101 ° (c 1.02, CHCI3) and mp 89-91°C. Further reduction of 13a with sodium borohydride 
followed by removal of the acetal moiety in the resulting alcohol 14 provided 15, [Ct]D 2° -129 ° (c 1.00, CHCI3), 

in 98% yield for the two steps. 
The crucial ortho ester Claisen rearrangemen03 of 15 was achieved by treating with triethyl orthoacetate in 

the presence of hydroquinone in o-dichiorobenzene at 180°C, giving rise to a mixture of the stereoisomers 16a 
and 16b in a ratio of 3:2 in 50% combined yield. 14,15 After separation of this mixture by column 
chromatography on silica gel, the carbonyl function in the desired 16a was reprotected to give the acetal 17 
(97%), [¢t]o2°-15.0 ° (c 1.00, CHCb). The critical stereocontrolled hydrogenation of the exocyclic olefin moiety 

in 17 was best accomplished by employing [Ir(cod)(PCy3)py]PF6 catalyst,8,16 affording the requisite 18, 
[a]o2°+9.8 ° (c 0.98, CHCI3), as a single stereoisomer in 87% yield. When the hydrogenation was carried out 

by employing a conventional palladium-carbon catalyst, a 3:1 mixture of the stereoisomers was produced in 89% 
yield, favoring the undesired C-2 epimer of 18. The stereostructure of 18 was rigorously confu'med by X-ray 
diffraction analysis of its derivative 20.12 After reduction of 18 with lithium ahiminium hydride, the resulting 
alcohol 19, [Ct]D 2° +7.4 ° (c 1.00, CHC13) and mp 70-72°C, was converted to the olefin 21 (74%, 2 steps), 
[crib 2°-8.0 ° (c 1.10, CHC13), by reaction with o-nitrophenyl selenocyanate and tri-n-butylphosphine followed by 

treatment with 30% hydrogen peroxide. 17 Finally, ozonolysis of the terminal olefm in 21 furnished the first 
target compound 6 TM in 85% yield. 
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Scheme 2. Synthesis of the optically active cis-fused decalin segment 6 
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a) ethylene glycol, p- TsOH, benzene, reflux, 89% for 10, 97% for 17 b) H 2 (10 atm), 10% Pd-C, piperidine, 
rt c) MeONa, MeOH, reflux, 77% (2 steps) d) KCN, AcOH, EtOH, 15°C e) SOCI2, pyridine, CH2CI2, 0°C, 70% 
(2 steps, 12a: 12b=20:1) f) DIBAL, toluene, -78°C, 70% g) NaBH4,THF-H20, 0°C, 99% h) 4M HCI, MeOH, rt, 
99% for 15, 97% for 20 i) CH3C(OEt)3 ' hydroquinone,o-dichlombenzene,180oC, 30% for l(m, 20% for 16b 
j) H 2 (1 atm), [Ir(cod)(PCY3)py]PF3, CH2C[2, ft, 87% k) UAIH4, THF, 0°C, 98% I) o-nitrophenyl selenocyanate, 
n-Bu3P, THF, d ; 30% 1-1202, 0°C, 75% m) O a, CH2CI2, -78°C ; PPh3, -78~0oc, 85% 

Scheme 3. Synthesis of natural (+)-arenarol (2) 
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Having obtained the key cis-fused decalin segment 6, our next efforts were directed toward the synthesis of 
(+)-arenarol (2). As shown in Scheme 3, the coupling reaction of 6 with the aryllithium generated in situ from 
commercially available 1-bromo-2,3-dimethoxybenzene (22) proceeded smoothly, affording the desired 
coupling product 23 as a diastereomeric mixture in 68% yield. Conversion of 23 to the ketone 25, [a]o 2° 

+37.8 ° (c 1.01, CHCb) and mp 127-129°C, was conducted by initial formation of the trifluoroacetate 24 and 

subsequent treatment under the conditions for hydrogenolysis (72%, 2 steps). Methylenation of the carbonyl 
group in 25 was achieved by employing a combination of dibromomethane, zinc powder, and titanium 
tetrachloride developed by Ohsima et al., 19,20 giving rise to the olefin 26 (83%), [Ct]D 2° +47.0 ° (c 1.04, CHCI3) 

and mp 62-64°C. Since the racemic version of 26 is an intermediate in Wiemer's synthesis of (+)-2, 8 the final 
two-step sequence was carried out according to his protocol. Thus, treatment of 26 with ceric ammonium nitrate 

(CAN) followed by reduction of the resulting arenarone (27) 21 with sodium hydrosulfite furnished the target 
(+)-arenarol (2) (25%, 2 steps), [¢t]o 2° +18.1 ° (c 0.13, CHCI3) [lit., 5 [~t]D +19 ° (c 0.1, CHCh)] and mp 129- 

132°C [lit., 5 mp 128-130°C]. The IR, ~H-NMR, and MS spectra of 2 were identical with those reported 5 for 

natural arenarol. 

In summary, we have succeeded in developing a facile synthetic pathway to the optically active cis-fused 
decalin segment 6 starting from the (-)-Wieland-Miescher ketone derivative 9 (>99% ee). Additionally, the first 
enantioselective total synthesis of natural (+)-arenarol (2) was accomplished by utilizing 6 as the key decalin 
segment, demonstrating the feasibility of our designed synthetic strategy for optically active popolohuanone E 

(1) (see, Scheme 1). Work on the total synthesis of 1 is in progress and will be reported shortly. 
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