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Abstract - Aurovartin B, a metabolitt of Calcarianori 
has been synthesized from D-glucose via 

arbuscule, 
c cyclitation. 

Its absolute configuration has bean unambiguously determined. 

Of nycotoxins exhiblting an acute neurotoxicity, aurovert1ns’), citreoviri- 

dins, and related metabolites as Illustrated in Fig. I are known as an inhibitor 

of mitchondrial ATPase. Among metabolites of Calcarisporium arbuscula, aurovertin 

B (1)’ ) is a main component, and the structure was established by spectroscopic 

manner2) coupled with an X-ray crystallqraphic analysis3). The absolute 

configuration was postulated as shown in Pig. I using Helmchen’s method1f4), 

though the detailed results have not been published. On the basis of our 

extensive investigation on isolation, structural determination and synthesis of 

the netabolites of Penicillium citrcovirids B, and related compounds including 

citreoviridin 5), citreoviridinols6*6*9), neocitreoviridinols’rS) and verrucosidin 

101, l urovertin B (1) must have the same absolute configuration as those of the 

above mycotoxins which could be synthesltad in optically active form. Moreover, 

good agreement was also obtained in synthetic studies on (-I-asteltoxin ” ). We 

dascrib herein full details of firrt total synthesis of (-)-aurovertirl B, by 

which the absolute configuration could be unambiguously confirmedl2). 

Our synthetic process to (-)-aurovertin B (l), summarized in Scheme I and II, 

was started from the readily accessible branched-chain sugar (21’3). At the 

outset, the tertiary hydroxyl group in 2 was benzylatcd in usual manner for ease 

of the following reactions, A benzyl ether (3) thus obtained was subjected to 

acid hydrolysis to yield a vicinal diol (I), which could be converted into an 

olefin (6) by sulfonylatlon and Tipson-Cohen type deoxygenation, Subsequently , 

selective hydrogenation of 6 using Pd on charcoal catalyst provided 7. In the 

next stage, 7 was successively derivatited in high yield to a conjugated ester (8) 

in four steps, that is, l)60% AcOH, 2lNaIO4, 3)Ph3P=C(Me)COCHe, 4)K2COJ. For 
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protcctlon of the secondary alcohol in 8 with aethoxyaethyl group, Fujlta’s method 

[Ch2(Me)2, P2Olj / CHC13]‘4) afforded a desired MOM ether (9) in 88% yield. Then, 

the ally1 alcohol (10) obtained by DIDAL reduction of 9 was treated with mCPBA in 

CH2C12 to furnish an epoxy alcohol (11) as a sole product In 90% yield. The 

stereochemistry of the epoxlde was conf inned as depicted in Scheme I, after 

construction of a tetrahydrofuran (131, whose ‘II NM spectrum was quite similar to 

that of citreoviral 6). This high stereoselectivity might be derived from a 

chelation effect of the reagent and the bentyl ether in lO.ls) The epoxy alcohol 

(11) so far obtained was then subjected to Svern oxidation followed by Wittig 

reaction (Ph3P=CHC!OOEt) to give 93% yield of the corresponding unsaturated ester 

(121, which was treated with TFA in CHC13 , resulting In snocth removal of the 

MOM group and subsequent cyclization to afford a tetrahydrofuran derivative (13) 
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in 94% yield. After DIBAL reduction of 13, the secondary alcohol in q4 ~4s 

acetylated vith conventional stepvise procedure [ 1 )TrCl - pyridlne, 21Ac20 - 

pyrldine, 3)H*1, yielding 15 188Q yield In three steps). 

In order to conrtruct the desired dioxabicyclo(3.2.1 loctane skeleton, we used 

two different methods for apoxldation of the ally1 alcohol (15). On oxidation 

with mCPBA, 15 was stereoJelectively converted into an epoxide (16), which was 

subjected to hydrogenation, Swcrn oxidation, and then Wtttig reaction to give the 

corresponding ester 07). The acid-catalyzed stereospecific cyclltation of 17 

gave rise to a bicycle cocnpound (181, which was different from that of aurovertin 

B (1) in their ‘H NVR spectra. On the other hand, asymmetric epoxidstiorl of the 

ally1 alcohol (15) under Sharpless condition afforded another epoxide (19). 

According to the same procedure as described above, 19 was straightforwards 

converted into the corresponding conjugated ester (201, which vas atercospeclf i- 

tally cyclized to give a desired bicyclo[3.2.1 1 compound (21) in 92% yield. At 

this stage, the conjugated ester (21) In hand is considered to be used as a 

synthetic precursor of aurovertln 8 (1 I, however, it seems difficult to convert 

21, without affecting the acetoxyl group, into the corresponding aldehyde (23) 

vhich vould be submitted to coupling vith the pyrone segment (24). To circumvent 

such a difficulty, the Wittig reagent, Ph3P=CHCHO, instead of Ph3PaCHCOOEt seems 

to promise ready access to 23, though high yield conversion of 19 into 22 is not 

always expected as compared with the case of 20. Thus, when treated with 

Ph3P=CHCH0, the unsaturated aldehyde (22) and its cyclitation product (23) were 

obtained in 49 and 148 ylelds, respectively. The a ldehyde (22) so far obtained 

was cleanly cyclitad with catalytic camphorsulfonlc acid to yield 23 in high 

yield. 

On the basis of our relevant investigation, flnally, the Wittig reaction of 

23 vas effected with in situ generated phosphorane -- carrying the corresponding 

pyrone, to afford aulovertin 0 (1) in 22U yield, vhich was completely identical 

with natural one in all respects of spectral data (‘H NM, 13C NKR, IR, and MASS). 

Especially the optical rotation of the synthetic sample ([a]~2 -57.90 (c 0.125, 

EtOH)) vas in a good agreenent with that of natural one ([a]D2’ -50.60 (EtOHI)2). 

Accordingly, the absolute cof iguration of 1 was unambiguously established am 

depicted in Fig. I. Moreover, our synthetic strategy would also be applicable 

for synthesis of closely related other aurovertinsl). 



EXPERIMENTAL 

All the melting points were obtained on a Mitamura Rlken melting point 
apparatus and uncorrected. IR spectra were recorded on a JASCO Hodel A-202 
spectraphotometer. ‘H NHR spctra were obtained on a Varian EM-390 (90MHs) and 
JEOL JNH CX-400 (400HHt) NHR spectrometers in deuteriochloroform solution using 
tetramethylailane as an internal standard_ High resolution mass spectra uere 
obtained on a Hitachi H-80 W-MS spectrometer operating with an ionization energy 
(70eV). Opt ical rotat ions were measured on a JASCO DIP-360 polarimcter in 
chloroform solution, unless otherwise stated. Preparative and analytical TLC were 
carried out on silica gel plates (Kieselgel 60 F2 4, E. Herck A. G. West 
Germany) uainq UV light and/or 5u molybdophosphoric aci d in ethanol for detection. 
Katayama silica gel (K 070) was used for column chromatography. 

3-O-Benzyl-l,2:5,6-d~-O-~sopYlidene_3-C-methy~-o-D-qlucofuranose (3). 
To a stirred solution of 1,2:5,6-di-O-isopropylidene-3-C-methyl-o-D-qluco- 
furanose (2) (1.8 g, 6.8 mmol) in anhydrous DMF (15 ml) was added NaH (6OQ 
dispersion in oil, 0.35 9, 8.9 mmol) at O°C under argon. After 10 min, bentyl 
brocnide (1.1 ml, 8.9 mmol) was added to the mixture and the tempcraturs was 
gradually warmed up to room temperature during 1.5 h. The resulted mixture was 
partitioned between water (50 ml) and EtOAc (50 ml), and the aqueous layer was 
further extracted with EtOAc (20 ml x 2). The combined organic extract was washed 
with brine (100 ml), dried over anhydroun Na2SO4, and then eva orated. The 
residue was purified on a silica gel column (100 g, hexane/EtOAc = P 5 1) to afford 
2.49 g (IOOQ) of 3 as a colorless oil: [c)D24 +4.B" (c 4.06); IR (film) 1590 and 
1570cm-1; 1H NMR d ‘1.31 (3H, s), 1.36 (3H, s), 1.43 (3H, s),l-58 (6H, s), 3.90 - 
4.04 (3H, complex), 4.37 (lH, m), 4.42 (lH, d, J- 3.6 Hz), 4.53 (1H, d, J- 11 Ht), 
4.64 (lH, d, J= 11 lit), 5.80 (lH, d, J= 3.6 Hz), and 7.32 (SH, broad s); HRHS 
calcd. for ClgH2506: m/t 349.1649 (H*-CH3). Found: m/z 349.1634, 

3-O-8enzyl-l,2-O-isopropylidene-3-C-methyl-o-D-qlucofuranose (4). A solution of 
3 (2.84 q, 7.8 mmol) in 1% aqueous H2SO4 (15 ml) and HeOH 135 ml) was stirred at 
rooa temperature for 2 days. The reaction mixture was neutralized with sat. aq. 
NaHCO3 and evaporated to a half volume, and then extracted with EtOAc (50 ml, 20 
ml x 2). The organic extracts were conrbined, washed with brine (100 ml 1, dried 
over anhydrous Na SO4 

f 2 OlD ’ 
and concentrated in vacua to give 2.53 g (1001) of 4 as a 

colorless syrup: + 12.60 (c 3.5l);IR (film) 3450, 1600, and 15OO~m-~; 1H 
NHR 6 1.32 (3H, s), 1.53 (3H, sl, 1.57 (3H, s), 3.67 - 4.20 (4H, complex), 4.47 
(lH, d, J= 3.6 Hz), 4.53 (lH, d, Jr 11 Hz), 4.64 (lH, d, J= 11 HZ), 5.82 (IH, d, 
J= 3.6 Hz), and 7.32 (SH, broad $1; HRMS calcd. for Cl7H2506: m/z 325.1648 
(H*tHI. Found: m/r 325.1643, 

3-O-~ntyl-1,2-O-isopropylidene-5,6-di-0-mesyl-3-C-methyl-o-D-glucofurano8e (51, 
To an ice-cooled solution of 4 (2.53 g, 7.80 mmol) in pyridine (1.75 ml, 21.6 
mmol) and CH2Cl2 (20 ml) was added meiyl chloride (1.67-ml, 21.5 mmol),and the 
reaction mixture was stirred at room temperature for 6 h. The resulted mixture 
was poured into a mixture of ice-water (100 ml) and CH2Cl2 (30 ml), and the 
aqueous layer was further extracted with CH2Cl2 (20 ml x 2). The combined organic 
layers were successively washed with 2N HCl (50 ml), sat. l q. NaHC03 (50 ml), 
and brine (100 ml), then dried over anhydrous Na2SO4. Evaporation of the solution 
yielded a crude product, which was purified by silica gel column chromatography 
(100 g, hcxane/EtOAc I 2/l) to provide 5 (3.62 g, 978): [a]DZ4 t 13.2O (c 2.58); 
IR (film) 1600 and 1500cm’1; ‘H NHR 6 1.32 (3H, 81, 1.52 (3H, s), 1.59 (3H, s), 
2.88 (3~, s), 3.09 (3~, ~1, 4.17 - 4.73 (6H, complex), 5.17 (lH, dt, J= 2, 6 Hz), 
5.81 (lH, d, J= 3.6 Hz), and 7.33 (SH, broad sl; HRMS calcd. for C19H25OlOS2: m/Z 
465.0877 (H*-CH3). Found: m/z 465.0882, 

3-0-Bentyl-5,6-dideoxy-l~2-O-~sopropylidene-3-C-methyl-o-D-xylohexo-5-enO- 
furanose (6). A mixture of 5 (3.55 g, 7.4 runol) and NaI (5.0 g, 33 mrnol) in 
2-butanone (SO ml) was stirred under ref lux for 10 h. The reaction mixture was 
poured Into H20 (100 ml) and extracted with EtOAc (100, 50 ml ). The combined 
organic extracts were washed with sat. aq. Na2S203 (50 ml x 3) and brine (100 
ml). After being dried over anhydrous Na2SO4, the solution was evaporated to give 
a crude oil, which on purification by passing through a short column 
30 91 hexane/EtOAc = 2/l) afforded 6 (2.01 q, 

!silica2Te! 
94@) a8 a Colorless oil: [OlD 

46.10 (c 5.01); IR (film) 1710, 1640, and 1600cm"; 'Ii NW? 6 1.32 (3H, s), 1.36 
(3H, ~1, 1.52 (3H, I), 4.25 (lH, d, J- 7.5 Hz), 4.43 (IH, d, J= 3.3 Htl, 4.53 (2H, 

s), 5.20 - 5.50 (2H, complex), 5.80 - 6.70 (ZH, complex), and 7.30 (511, broad a); 
HRf4S calcd, for Cj6Hlg04: m/z 275.1282 (Ht-CH31. Found: m/t 275.1302. 
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3-O-Benzyl-S.6-didsoxy-?~2-O-isoPropyl~den~-3-C-~thyl-a-D-xylohexofuran~ (71. 
The olefin (6) (1.95 q, 6.7 mmol) was hydrogenated at room temperature for 18 h in 
H&H (40 al) in the- presence of 10%. pailadiua on charcoal. The cataly8t was 
filtered off and the filtrate was concentrated under r&cad pressure to give 7 
(I.95 q, 99Al as an oil: [ojD2’ +24.8O (c 1.93); IR (film) 1710 and 1600cm”; IH 
NW? d 1.05 (3H, t, J* 7.5 Hz), 1.37 (6H, s), 1.53 (3H, sl, 1.78 (2H, ml, 3.78 (1K, 
dd, J= 4.2, 9 Hz), 4.49 (IH, d, J= 3.3 Hz), 4.55 (ZH, al, 5.85 (lH, d, J= 3.3 Hz), 
and 7.31 (SE, broad s); KRMS calcd. for C16H2tO4: m/t 277.1438 (W-CB3). Found: 
m/t 277.1430. 

Preparation of the acyclic ester (8). A solution of 7 (2.13 q, 7.3 mm011 in 80% 
AcOH (60 ml) was stirred at 800C for 20 h. The reaction mixture vas evaporated 
and co-evaporated with water to give a crude syrup, which was partitioned between 
sat. aq. NaHCO 

d 
and EtOAc. The organic layer was washed with brine, dried over 

anhydrous Na2S 4, and then evaporated. The resulted oil was treated with K2CO3 
(0.2 g) in MeOH (10 ml) at r~orn temperature for 30 min. The reaction mixture was 
worked up in usual manner to provide 1.70 g (93%) of a desired diol. 

A mixture of the dial (1.33 g, 7.9 mmol) and NaIO4 (1.69 9, 7.9 mm011 in H20 
(25 ml) and l4eOH (2s ml) was stirred at ram temperature for 1 h. The reaction 
mixture was diluted with H20 (SO ml) and extracted with EtOAc (50 ml, 20 ml x 2). 
The combined EtOAc extracts were washed with brine (I 00 ml), dried over anhydrous 
Na2804, and evaporated to give a crude a ldehyde, which was reacted with 
Ph3P=C(CH3)COOHe (3.66 g, 10.5 mmol) in boiling benzene (40 ml) for 20 h. The 
resulted mixture was evaporated and purified by preparative TLC (hexane/ EtOAc = 
8/l) to furnish 1.40 g (83%) of the formste. 

The formate (1.40 q) so far obtained was dissolved in MeOH (3 ml1 and treated 
with K2CO3 (110 q) at room temperature for 30 min. Uork-up procedure in usual 
manner provided the acyclic ester (8) (230 mg, 10081 as a colorless oil: (alD24 - 
19.10 (c 1.52); IR (fllm) 3500, 1710, and 1640cmw1; ‘H NMR d 1.02 (3H, t, J= 7.5 
Hz), I.40 (2H, m), 1.42 (3H, s), 2.05 (3H, d, J= 1 Hz), 3.66 (lH, ml, 3.78 (3H, 

s), 4.30 (lH, d, J= 11 H21, 4.43 (lH, d, J= 11 Hz), 5.59 (lH, q, J= 1 Hz), and 
7.33 (5H, broad s); HRMS calcd. for C17H2SO4: m/r 293.1741 (M**Hl. Found: m/z 
293.1725. 

Synthesis of the !4W derivative (9). To a stirred solution of 8 (103 mq, 0.35 
mmol) and dimethoxymethane (0.5 ml) in CHCl 3 (5 ml) was added P2O5 (200 mg), and 
the mixture was stirred at room temperature for 30 min. The reaction was quenched 
by addition of sat. aq. NaHC03 (10 ml), and then the mixture was extracted with 
CRC13 (10 ml x 21. The organic layer was washed with brine, dried over arthydrous 
NazSO4, and concentrated s vacua. The residue was separated by preparative TLC 
(hexane/EtOAc II 7/l, three times elution) to afford 9 (104 mg, 88A), coupled with 
the starting material 8 (5.6 mg, S-I%): fb)D24 +21.7O (C 1.92) ; IR (film) 1715, 
1640, and 1 500cm-1 ; 1~ NMR 6 0.97 (3H, t, J- 7.5 HZ), 1.42 (3H, s), 1.46 (ZH, m), 
2.02 (3H, d, Js 1 Hz), 3.38 (3H, 81, 3.64 (lH, m), 3.74 (3H, 91, 4.29 (lH, d, J= 
11 Hz), 4.44 (lH, d, J- 11 Hz), 4.69 (lH, d, J= 7 Hz), 4.93 (IH, d, J= 7 H?), 6.61 
(lH, q, J= 1 Hz), and 7.28 (5H, broad s); HRMS calcd. for C18H2604: m/t 306.1829 
(M*-HCHO). Found: m/z 306.1818. 

DIBAL reduction of. 9. To a solution of 9 (1 .I2 g, 3.33 mm01 1 in THF (25 ml) vas 
added DIDAL-H (1.5n solution in toluene, 9.96 ml, 14.9 mm011 at -78OC under argon. 
The reaction mixture was stirred at the same temperature for 1.5 h and thtn 
quenched by addition of sat, aq. RocheIle salt, EtOAc (30 ml), and anhydrous 
Na2SO4. The mixture was stirred vigorously for 1 h and durinq this period the 
temperature was gradually elevated to room temperature, The resulted mixture was 
filtered through Celite pad and the filter-cake was washed thoroughly with EtOAc. 
The combined organics were further dried over anhydrous Na2SO4 and concentrated & 
vacua to afford a crude product, which on passing through a short column (silica 
gel 30 q, hexane/EtOAc = l/l) to provide the ally1 alcohol (10) (1.04 g, 100%): 
(e]D24 t17.20 (c 3,541; IR (film) 3450, 1665, 1600, and 1495 cm-‘; ‘H NMR 6 0.98 
(3H, t, Jn 7.5 Hz), 1.37 (3H, s), 1.50 (ZH, ml, 1.82 (3H, d, J= 1 Ht), 3.40 (3H, 
s), 3.63 (lH, dd, J= 3, 9 Hz), 3.98 (ZH, broacl ~1, 4.30 (lH, d, J= 12 Hz), 4.43 
(IH, d, J= 12 Hz), 4.71 (lH, d, J= 7 Hz), 4.97 (IH, d, Jp 7 Hz), 5.31 IIN, q, J= 1 
HZ 1, and 7.29 (SH, broad s); HRMS calcd. for Cl7H2503: m/z 277.1802 (PI’-CH30). 
Found : m/t 277.1802. 

mCPBA epoxidatlon of the ally1 alcohol (10). To a solution of 10 (1.69 g, 5.5 
601) in dry CH>Cl> (30 ml) was added mCPBA (1.12 q, 6.5 mmol) at -3OOC under 
argon. The &ixtu;e Gas stirred at the same temperaturk- for 7 h, then at -2OOC for 
18 h, The resulted mixture was evaporated and the residue was diluted with EtOAc 
(100 ml), which was successively washed with sat. aq. NaHS03 (30 ml x 21, NaHCO3 
(50 ml x 2). and brine (100 ml). After being dried over anhydrous Na2SO4, the 
solution was evaporated to give a crude product, which was purified by silica gel 
column chromatography (150 9, hexane/ EtOAc * 2/l) to give 11 (1.60 9, 908): IR 
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(film) 3450, 1600, 1580, and 149Scm’l; 

a), 
1” NnR 6 1.01 (3”, t, J- 7.5 “11, 1.29 (3”, 

1.43 (3”, s), 1.72 (2”, (II, 3.75 OH, a), 3.41 (3”, 81, 3.53 (3”, complex) 
4.61 (211, broad I), 4.79 (2H, broad a), and 7.30 (SH, broad 8); “MS calcd. fo; 
cl 8”29OS : a/z 32S.2012 (“**HI. ?ound: m/t 325.1982. 

Synthesis of the cojuq)ted aster [12). To a aixture of MS0 (1.03 ml, 14.S ~~11 
and oxalyl chloride (0.65 ml, 
argon vas added a solutlon of 

7.45 mmol) In dry CN2Cl2 (20 ml) at -5OoC under 
11 0.60 9, 4.94 mnol1 in dry CH2C12 (20 ml). After 

being stirred at the same temperature for 15 mm, Et3N 0.41 ml, 24.S mmol) was 
added ,and the reaction mixture was gradually allowed to warm to room temperature, 
then poured into “20 (SO ml). The separated aqueous phase was extracted with 
cH2Cl2 (30 ml) and the cabined organic extracts were washed with brine (100 ml), 
dried over anhydrous Na2SO4, and evaporated. The residue so far obtained was 
reacted with Ph3P=CHCOOEt (3.43 9) in benzene (40 ml) at roan temperature for 1 h. 
After tvaporatlon of the mixture, 
chromatography (100 g, 

the residue was purified by silica gel column 
hexane EtOAc 

1720, 1650, I 1600, and 149Scn- ; 
= 3/l) to afford 12 (1.80 g, 93%): IR (film) 

7.5 Hz), 
lH NMJ? 6 1.01 UH, t, Jo 7.S HZ), 1.26 (3H, t, J- 

1.35 (3H, S), 1.58 OH, 31, 1.60 (2”, IW), 3.05 (I”, S), 3.40 (3k s), 
3.52 (l”, dd, J= 3, 9 Hz), 4.18 (2”, q, J= 7.5 Hz), 4.60 (2”, S), 4.71 (2”, s), 
6.01 (lH, d, J= 16 HZ), 6.80 OH, d, J- 16 Hz), and 7.34 (SH, broad s); “R”8 
calcd. for C2OH2705: m/t 347.1857 (W*-C2H50). Found: m/r 347.1857. 

Cyciiration of the epoxy ester Ll21. To a solutlon of 12 (1.80 9, 4.5 mmol) in 
C”C13 (30 ml) was added TPA (10 ml) at room temerature. After 10 min, the 
solution was evaporated to give a brownish residue, ‘which was diluted with CHCl3 
IS0 ml), washed with sat. aq. NaHC03 (30 ml) and brine (SO ml), dried over 
anhydrous Na2SO4, and evaporated. 
column (SO g, hexane/EtOAc 

Purification of the residue on a slllca gel 

g, 94A): IalD3’ 
= 3/l) afforded the desired tetrahydrofuran (13) (1.50 

+20.80 4~ 1.33) ; IR (film) 3460, 1310, 1690, 16SS, and 149Scm-‘; 
1” “WI 6 1.02 (3”, t, J- 7.5 Hz), 1.20 (3”, t, J= 7.S Hz), 1.31 (3”, 81, 1.34 (3”, 
s), 1.70 IZ”, ml, 3.73 (l”, dd, J= 4.S, 7.5 Hz), 4.08 (2”, q, J= 7.S Hz, 
overlapped with 1” signal), 4.32 (lH, d, J- 11 Hz), 4.47 (lH, d, Jm 11 HZ), 5.99 
(lo, d, J= 16 HZ), 7.03 (lH, d, J= 16 Hz), and 7.27 (SH, broad s); HR”S calcd. 
for C2OH2805 : m/r 348.1935 (“*I. Found: m/r 348.1935. 

Synthesis of the ally1 alcohol (14). A mixture of 13 (a00 mg, 2.3 nrpol) and 
DIBAL-H (1 .S ” solution ln toluene, 6.12 ml, 9.2 aunol) was stirred at -78OC for 1 
h unoer argon. The reaction was quenched by addition of 1 N HCl (30 ml) and the 
mixture was extracted with Et0r.c (SO ml, 20 ml x 2). The combined organic 
extracts were washed with brine (100 ml 1 and dried over anhydtous Na2SO4. 
Concentration of the solution under reduced pressure provided 14 (70s mg, 1001) as 
a colorler8 oil: [a 1B31 l 26.30 (c 3.11); IR (film) 3400, and lSOOcm-l; ‘H N”R 6 
1.01 (3H, t, J= 7.5 HZ), 1.27 (3”, a), 1.33 (3H, s), 1.68 t2H, ml, 3.71 (I”, t, J- 
6 Hz), 3.95 (2”, d, J= 4 Hz), 4.06 (l”, I), 4.39 (I”, d, J= 12 Hz), 4.51 (I”, d, 
J= 12 Hz), 5.72 (l”, dd, J= 4, 16.5 Hz), and 7.30 (SH, broad s); HRHS calcd. for 

Cl a”2 403 : m/t 288.1724 (II*-“20). Found: m/t 288.1734. 

Conversion of 14 into the acetyl derivatlve (lS1. A mixture of 14 (21 mg, 0.07 
mnol) and trityl chlorrde (29 mg, 0.1 mmol) in pyridrne (0.1 ml) and CH2C12 (2 ml) 
was l tlrred at room temperature for 22 h. Concentration of the reaction mixture, 
followed by purrfication usrng preparative TLC (hexane/ EtOAc = 2/l 1 afforded a 
trityl ether (31 mg, 8281, coupled with recovered 14 (3.4 mg, 16Q). 

After l cetylation of the ether (30 mg, 0.06 mmol) in usual manner, the 
product was stIrred at room temperature for 1 h in MeOH (2 ml) in the presence of 
catalytic TsO”. The reaction mixture was evaporated and the residue was purified 
by preparatrve TLC (hexane/EtOAc 
011: talo24 

= 2/l) to provide 15 (18 mg, 90%) as a colorless 
+28.8o (c 1.46); IR (film) 34S0, 1740, and 149Scm-l; ‘H NMR 6 1.02 

(3”, t, J= 7.5 “21, 1.19 (3”, ~1, 1.23 (3”, a), 1.72 (Z”, I), 2.14 (3”, s), 3.70 
(lo, dd, J= 4.5, 9 Hz), 3.93 (2H, broad ~1, 4.45 (2H, 61, S.34 (lH, s), 5.88 (2”, 
broad s), 
Found : 

and 7.32 (SH, broad s); HRMS calcd. for C2OH2805: m/r 348.1934 (“*I. 
m/t 348.1915. 

Synthesis of 16 by mCPBA oxidation of 15. A mrxture of 1s (2s fag, 0.07 mmol), 
mCPBA (15 mg, 0.085 mmol), and NaHCO3 (12 mg, 
stirred at O°C for 2.5 h under argon. 

0.14 mmol) in CH2C12 (2 ml) was 
The resulted mixture was evaporated and the 

residue was purified by preparative TLC ihexane/EtOAc = l/l ) to afford the epoxy 
alcohol (16) (24 mg, 91U): IR (film) 3450, 1740, and lSOOcm-'; lH NWI 6 1.01 (3H, 

t, J= 7.5 Hz), 1.01 (3”, s), 1.24 (3”, s), 1.64 (Z”, m), 2.12 (3”, s), 3.00 (I”, 
m), 3.20 (I”, d, J. 2 Hz), 3.30 - 3.80 (3”, complex), 4.50 (2”, s), 5.30 (I”, s), 
and 7.32 (SH, broad 8); “MS calcd. for C2OH2806: m/z 364.1883 in*). Found: m/t 
364.1846. 

Synthesis of the conjuqated ester (17). Compound 16 (11 ng) was hydrogsnolrted at 



An •CLI~L OCU~O~OXK meubobtc. l urovmio B 6323 

roe temperature for 1 h in MeOH (3 ml) in tha presence of W/b1ack c8talyst. 
After filtration of the catalyst, the filtrate vas evaporated to afford a dial (8 
mg, 94a), vhfch was added to a solution of oxalyl chloride (0.1 ml) and MS0 (0.2 
ml) in CY2C12 (1.0 rl) at -600C under argon. After the raactton mixture was 
stirred at the H- temperature for 15 ain, Et3N (0.1 al) vas l ddul. Stirring vas 
continued for another 5 min, and then the mixture war allowed to warm up to row 
temperature. The result& mixture was diluted with CR2Cl2 (10 11) and usahed with 
H20 (5 ml x 31. The organic layer YES dried over anhydrous Ma2SO and 
concentrated in vacua to provide a crude aldehyda. The aldehyds was raacte d vith 
Ph3EWHCCKIEt (20 ag, 0.06 mmol) in dry benzene (3 ml) at room temperature for 1 h- 
The mixture vas evaporated to give a brownish syrup, which on purification by 
Pteparatlve TLC (hsxans/EtOAc I 2/l) afforded 17 (4.5 nq, 45% in 2 steps): IR 
(film) 3450, 1740, 1720, and 1640~m-~; ‘H NClR d 0.96 (3H, t, J= 7.5 Hz), 1.11 (3H, 
s), 1.14 (3H, s), 1.28 (3H, t, J= 7.5 Hz), 1.54 (2H, ml, 2.13 (3H, s), 3.13 (tH, 
d. J= 2 Hz), 3.49 (IH, t, J= 6 Ht), 3.80 (lH, dd, J= 2, 7.5 Hz), 4.19 (ZH, q, J= 
7.5 Hz), 5.07 (lH, 91, 6.16 (lH, d, J- 17 Hz), and 6.70 IlH, dd, J= 17, 7.5 Hz); 
HWS calcd. for Cl 7H2406: m/r 324.1571 (H*-H20). Found: m/z 324.1564. 

Preparation of the 2.6-dioxabicyclol3.2.l)octane (18). A solution of the ester 
(17) (4.5 mq) in benzene (2 ml) in the presence of catalytic TsOH was heated under 
ref lux for -1 h and then evaporated. The rcaidue was purified by preparative TLC 
(hexsne/EtOAc s 2/r) t0 provide 16 (4.2 mq, 90%) as a colorless oil: XR (film) 
3500, 1740, 1720, and 1640~rn’~; tH NM? d 0.98 (3H, t, Jm 7-5 Hz), 1-16 (3H# s)r 
1.23 (3h, s), 1.27 (3~, t, 3~ 7.5 Hz), 1.53 (2H, m), 2.14 (3H, S), 3.60 (2H, 
complex I, a,tg (ZH, q, Jr 7.5 Hz), 4.22 (lH, m), 5.50 (tH, 81, 6.10 OH, dd, J= 
17, 2 Hz), and 6.98 (IH, dd, J= 17, 5 HZ); HRHS calcd. for Ct7H2607: m/r 342.1676 
(M+). Found : m/2 342.1654. 

Synthesis of the epoxy alcohol (19) bv Sharpless oxidation. Compound 15 (267 mq, 
0.77 mmol) uas subjected to a mixture of diethvl D-tartrate (0.19 ml, 1 .I mmol I, 
Ti(Oipr)4 (0.33 ml; 1.1 mmol), and TBHP (3.85 H-In toluene, 0.65 ml, i+S mol) in 

CH2Cl2 (20 ml). The nlxtura uas stirred at -2001~ for 12 h and then treated in 
usual manner to afford 79 
1740, 1600, and 1 495cm’1 ; I 

276 mq, 99%): [a)f)3t l 38.50 (c 0.75); XP (film) 3450, 
H Nm & 1.01 (3H, t, J- 7.5 Hz), 1.21 (3H, s), 1.23 

(3H, s), 1.72 (ZH, m), 2.14 (3H,s), 3.09 (lH, d, J- 2 Hz), 3.25 OR, complex), 
3.40 - 3.70 (ZH, COIUP~~X), 4.53 (2~, s), 5.33 (lH, s), and 7.34 (5H, broad s); 
HRHS ca Icd. f Or C20H2806 : m/z 364.1883 (hi+). found: n/2 364.1867. 

Synthesis of the conjuqated ester (20). The epoxy alcohol (19) (33 m9) va6 treat& 
according to the same reaction sequence as described above to furnish 20 (19 mqp 
6OU): IR (film) 3500, 1740, 1720, and 1650~m’~; tH NMR d 1.01 (3H, t, J= 7.5 Hz), 
1.14 (3H, s), 1.17 (3H, s), 1.28 (3H, t, J= 7.5 Hz), 1.56 (ZH, m), 2.13 (3H, s), 
3.15 (1H, d, Jr 2 Hz), 3.53 (IH, dd, J= 5, 7.5 Hz), 3.78 (1H, dd, .J= 2, 7 Hz), 
4.t9 (2~, q, J- 7.5 HZ), 4.71 (lo, s), 6.16 (tH, d, J= 16 Hz), and 6.68 (1H, dd, 
J= 16, 7 H2). 

Preparation of the 2,6-dioxabicyclol3.2.1 loctane (21 1. Compound 20 (18 mgl vas 
cyclited using catalytic TaOH in benzene (S ml) at 55OC for 40 min to give 21 ( 16 
m’9, 90%) a# needles: rap 112 - tl4oC (hexane - EtOAc); lal~~~ -23.0° (C O-81); IR 

(film) 3500, 1740, 1720, and 1640~rn-~; IH NMR 6 1.05 (3ff, t, Jr 7.5 Hz), 1.17 (3H, 
s), 1.24 (3H, s), 1.27 (3H, t, J= 7.5 Hz), 1.61 (2H, m), 2.1s (3H, s), 3-28 (lH, 
dd, Jrn 8.5, 10 Hr), 3.92 (lH, t, J= 6.5 HZ), 4.19 (2H, q, J= 7.5 HZ), 4.20 (1k 
m), 4.74 (lo, s), 6.13 (lo, dd, J= 2, 16 Hz), and 7.07 (tH, dd, J= 16, 4.5 HZ); 
HRMS ca ltd. for Cj7H2607: m/z 342.1676 (WI. Found: m/z 342.166). 

Synthesis of the aldehyde (23). The epoxy alcohol (19) (42 mq, 0.15 mm011 VdS 
oxidized by the Svcrn method’ to qive a crude aldehyde, which was dissolved 
immediately in benzene (5 ml) and reacted with Ph3P=CHCHO (70 m9, 6.23 mmo)) at 
room temperature for 1.5 h. The reaction mixture was evaporated to give a 
brounlsh syrup, vhich on purification by preparative TLC (hexane/EtUc = t/t ) to 
afford 22 (22 rag, 49Q) and 23 (6.2 mq, 14t). 

me epoxy aldehyde (22) (I9 mq) was stirred at room temperature for 3 h in 

CH2CL2 (3 ml) in the presence of catalytic camphorsulfonic acid. After 
concentration of the mixture, t t,e residue vas purified by preparative TLC 
4 hexane/EtOAc I i/i) to provide 23 (17 mg, 9281 as needles: mp 138 - t40°C (hexane 
- EtoAc); (@]D26 -45.8O (C 1.061; IR (film) 3450, 1740, and 1690cm-1; ‘H NHR 6 
1.07 (3~, t, J- 7.5 HZ), 1.19 (3H, s), 1.26 (3H, s), I.62 (2H, m), 2.16 (3R, s), 
3.33 (lH, &j, J= 8, 11 Hz), 3.93 (lH, t, J= 7 Hz), 4.32 (tH, m), 4.76 (‘Ha 81, 
6.40 (tH, ddd, J= 1.5, 8, 15.6 HZ), 6.97 (1H, dd, J= 4, 15.6 Ht), and 9+60 (1H, J= 
8 Hz); HRirS calcd. for Cl 5H2206: m/t 298.1415 In*). Found: m/t 2998.)42S, 

Synthesis of surovertin B (1). A mixture of the phosphonium salt (24) (12 mq, 
0.023 mmoll and NaH (60% dispersion in oil, 0.8 mq, 0.02 mmol) in THF (1 ml) was 
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stirred at room temperature for 1 h under argon. To this deep orange suepenefon 
was added a solution of 23 i5.3 mq, 0.018 mmol) in THF ((1.5 ml) and the resulted 
mixture vas stirred at 4OoC for 17 h. After further addition of the phosphorane 
prepared from 24 (38 mg, 0.07 mm011 and NaH (2.9 mg, 0.07 nmol), the mixture vas 
continuously stirred under reflux for 28 h. The resulted mixture was diluted with 
EtOAc (30 ral), vashed with HCl and brine, 
evaporated. 

dried over anhydrous Na2SO4, and then 
The residue vas purified by repeated preparative TLC using benzene/ 

acetone - 2/l, CHCl / EtOAc = 1 /I, and CHCl3/MeOH - 
d 

20/l to provide the target 
aurovertin B (1) (1. mg, 22Q); [alD20 -57.90 (c 0.125, EtOH). 

This work was financially supported by a Grant-in-Aid from the Mlnlstry of 
Education. 
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