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related to BF,.(OEt), as an external standard. 
NaBH4 was recrystallized from diglyme.' The diglyme 

solutions were standardized prior to use by measuring the 
amount of hydrogen gas evolved upon hydrolysis in 2 M 
H2S04. The reproducibility was always within f2%. The 
solution was kept under dry nitrogen in storage bottles 
equipped with Teflon stop cocks and rubber septums. 
Aliquots were removed by syringe as needed. All glassware 
was carefully dried to exclude moisture. Isobutyric acid 
and diglyme were distilled under dry nitrogen prior to use. 

Registry No. NaBH4, 16940-66-2; NaBH30COCHMez,  
77979-89-6; N a B H z ( 0 C O C H M e 2 ) 2 ,  77979-90-9; NaBH- 
(OCOCHMe2)3, 77979-91-0; isobutyric acid, 79-31-2. 

~ _ _ _ _  

(7) Brown, H. C.; Mead, E. J.; Subba Rao, B. C. J. Am. Chem. SOC. 
1955, 77, 6209. 
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Regiospecific Preparation of the 
Benz[ blxanthen-12-one Ring System: Total 
Synthesis of Bikaverin 

Summary: The benz[b]xanthen-12-one ring system can 
be fabricated regiospecifically through condensation of 
(phenylsulfony1)isobenzofuranones with chromones. This 
discovery was used to achieve a brief synthesis of the an- 
tiprotozoal agent bikaverin (I). 

Sir: Bikaverin (l), a red pigment with significant and 
specific antiprotozoal activity, has been isolated from 
several Although partial assignment of the 
structure through chemical and spectroscopic studies was 
p o ~ s i b l e , ~ ? ~  X-ray analysis was required to establish un- 
ambiguously the substitution pattern.' Shortly after the 
structure was elucidated, an elegant regiospecific synthesis 
of 1 was reported by Barton et a1.8 and more recently two 
additional preparations have been de~cribed.~JO 

(1) Nakamura, Y.; Shjinomura, T.; Ona, J. Nippon Ogei Kagaku 1957, 

(2) Robinson, P. M.; Park, D.; McClure, W. C. Trans. Brit. Mycol. SOC. 
31, 669; Chem. Abstr. 1958, 52, 17377. 

1969, 52, 447. 

(Prague) 1970, 15, 479. 

C 1971, 2792. 

(3) Bolan, J.; Fluska, J.; Kuhr, I.; Kuhrova, K. Folia Microbiol. 

(4) Kjer, D.; Pedersen, C.; Bu'Lock, J. D.; Smith, J. R. J.  Chem. SOC. 

(5) Terashima. N.: Ishida. M.: Hamaski. T.: Hatsuda. Y. Phvtochem- , .  . ,  
istry 1972, 11, 2280.' 
(6) Cornforth, J. W.; Rybeck, G.; Robinson, P. M.; Park, D. J.  Chem. 

SOC. C 1971, 2786. 
(7) de Boer, J. J.; Bright, D.; Dallinga, G.; Hewitt, T. J. J. Chem. SOC. 

C 1971, 2788. 
(8) Barton, D. H. R.; Cottier, L.; Freund, K.; Luini, F.; Magnus, P. D.; 

Salazar, I. J.  Chem. Soc., Chem. Commun. 1975, 699; J .  Chem. SOC., 
Perkin Trans. 1 1976, 499. 

(9) Kato, T.; Katagiri, N.; Nakano, J.; Kawamura, H. J. Chem. SOC., 
Chem. Commun. 1977,645; J. Chem. SOC., Perkin Trans. 1 1981, 2710. 

1988,53, 223-224 223 

Scheme  Io 
OCH3 0 OCH3 

E t z N q  __t a,b EtzN% 

OCH3 OCH3 

2 3 

OCH3 OHC OCH, 

CH30 JfJ% + -' 

5 
4 a  X=OH 
4b X=SPh 
4c X=SO,Ph 

6 

6 0CH3 

7 

lh 
OH 0 

1 

"(a) sec-BuLi, TMEDA, THF;  (b) DMF, 56%; (c) H,O+Cl-, 
HOAc; 81%; (d) PhSH, catalytic TsOH; 91%; (e) MCPBA, CH,- 
Cl,; 100%; (f') LiO-t-Bu, THF,  -78 "C and reflux; 27%; (9) 
AgpC03-Celite; 91%; (h) Lil, DMF; 78%. 

Our synthesis of 1, shown in Scheme I, was based on the 
expectation that condensation of (phenylsulfony1)iso- 
benzofuranonesll with chromones would furnish regios- 

(10) Kjaer, D.; Kjaer, A.; Risbierg, E. J. Chem. Soc., Perkin Trans. 1 
1983, 2815. 
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pecifically benz[ blxanthen-12-ones. The sulfone 412, which 
serves as a synthon for the A and B rings, was prepared 
from the amide 2.12 Lithiation of 2 (sec-butyllithium, 
TMEDA), followed by reaction with DMF, furnished the 
aldehyde 3 (mp 91-2 "C, lit.12 mp 92-4 "C; 56%), which 
was hydrolyzed (HC1/HOAc/H20) to the phthaldehydic 
acid 4a (mp 214-15 "C; 81%). Heating 4a with benzene- 
thiol in benzene and a catalytic amount of toluenesulfonic 
acid gave the sulfide 4b (mp 124-125 "C; 91%), which was 
oxidized (MCPBA/CH2C1,) quantitatively to the sulfone 
4c (mp 175-176 "C). 

Condensation of the anion of 4c with the chromone 513 
(LiO-t-Bu, THF, -78 "C to room temperature, and then 
brief reflux) furnished 6 regiospecifically in 27% yield.14 
Oxidation of 6 with Fetizon reagent15 (Ag,COJCelite) 
produced the quinone 7 (91 %) with the same physical and 
spectral properties as those given in the literature. De- 
methylation of 7 with LiI in DMFg (78%) gave bikaverin 
(l), identical16 with an authentic sample. 

The accomplished preparation of 1 is much shorter than 
those reported previously,*'l is achieved in better overall 
yield, and is amenable to the synthesis of a variety of 
analogues. The use of chromone as a Michael acceptor 
expands the utility of the sulfone annelationl for regios- 
pecific preparation of polycyclic aromatic ring systems. We 
are currently utilizing this reaction to prepare other natural 
products containing a xanthenone fragment. 
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occurring polycyclic aromatic systems. For an extensive list, see ref 9 in: 
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Ruthenium(1V) Dioxide in Fluoro Acid Medium: An 
Efficient Biaryl Phenol Coupling Process, 
Exemplified with a Biomimetic Access to the 
Skeleton of Steganacin from Presteganes'J 

Summary: Ruthenium(1V) dioxide dihydrate in fluoro 
acids was found to be very efficient for the oxidative phenol 

coupling of presteganes l a  and l b  to give the corre- 
sponding bisbenzocyclooctadiene lactones 2a and 2b, 
closely related to the antitumor lignan steganacin. The 
same conditions applied to the mammalian lignan ente- 
rolactone l e  were ineffective. Ultrasound assistance and 
use of the triflic acid-triflic anhydride-boron trifluoride 
medium at  room temperature were found to be the best 
conditions. 

Sir: Bridged biaryls related to the well-known classes of 
natural products of high pharmaceutical interest are widely 
distributed in higher p l ank3  Their biogenesis always 
involves enzymic intramolecular biaryl oxidative coupling 
of phenolic precursors via radical cations, as a key step 
(Scheme I). So, an improvement of both the efficiency 
and selectivity of the biomimetic synthetic methods pro- 
viding access to these skeletons would be very useful. 

Kupchan4 and, more recently, Taylor and McKillop5 
have improved the sluggish known methods6 by using 
vanadium(V) oxyhalides and thallium(II1) tris(trifluor0- 
acetate) (TTFA), respectively. Unfortunately, the yield 
of phenolic coupling, which is the real mechanism used by 
nature, generally remains poor to medium in the labora- 
tory. 

As a part of our continuing work in the isolation and the 
synthesis of potential antitumor and antiviral drugs, effort 
was devoted to the development of an efficient route to 
the above mentioned classes of natural substances. Re- 
cently we described that ruthenium(1V) dioxide in TFA- 
TFAA medium is a versatile reagent for the synthesis of 
bridged biaryls from nonphenolic  precursor^.^ In the 
present work, we attempted to determine whether the title 
reagent could be employed for an efficient biomimetic 
synthesis of bisbenzocyclooctadiene lactones closely related 
to the antitumor lignan steganacin by oxidative coupling 
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