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A Simple Synthesis of Anthracyclinones from 2-Acetylquinizarin 

Khairuzzaman 6. Mullah and James K. Sutherland" 

Reaction of 2-acetyl-l,4-dihydroxyanthraquinone with a variety of P-keto esters in presence of 
tertiary amine in MeOH afforded anthracyclinone derivatives in a one- pot addition-oxidation-aldol 
sequence. 

The present interest in the chemistry of anthracyclines arises 
from their established anticancer activity.' Lack of an efficient 
biosynthetic process has stimulated research on the total 
synthesis of these compounds and on new analogues with 
improved chemotherapeutic properties.* One of the challenges 
associated with the synthesis of anthracyclines is the 
preparation of the respective aglycones, the anthracyclinones, 
and a number of groups have devised elegant and ingenious 

We postulated that the aromatic part of the 
anthracyclinones could be obtained from the readily available 
and cheap hydroxyanthraquinones, so our plan was to 
assemble suitably functionalised A ring components onto an 
electron deficient hydroxyanthraquinone moeity by nucleo- 
philic aromatic substitution. In our laboratory we have 
developed methods for regioselective alkylation at C-2 and/or 
C-3 of hydroxyanthraquinones, and have shown that both 1,4- 
dihydroxy- and 1,4,5-trihydroxy-anthraquinones react with 
certain stabilised carbanions in Michael fashion.' We decided 
to use 2-acetylquinizarin 1 as the starting material in our 

0 OH * 0 OH 0 

1 

approach to the synthesis of anthracyclinones, expecting that 
an acyl group would facilitate addition to the anthraquinone 
system. 

Compound 1 was prepared by Jones' oxidation of hydroxy- 
ethylquinizarin in 75% yield." The reaction of ketone 1 with a 
variety of j3-keto esters in MeOH in presence of tertiary amines 
was examined. Reaction of methyl acetoacetate with compound 
1 in MeOH in presence of quinuclidine at room temperature 
gave four products; tetracene 2 (373, furan 8 (13%), adduct 13 
(14%) and a diastereoisomeric mixture of ketones 18a and 18b 
(20%). The diastereoisomeric ketones could not be separated 
and 'H NMR spectroscopy showed the product to be a 2: 1 
mixture. At this stage it was not possible to assign stereo- 
chemistry to the ketones. The reaction of ethyl acetoacetate 
with 1 afforded aromatic tetracycle 3 (779, furan 9 (19%), 
adduct 14 (17%) and a 2: 1 inseparable mixture of ketones 
19a and 19b (24%). The results of the reaction of methyl 
acetoacetate and ethyl acetoacetate with compomd 1 were 
quite encouraging as the tetracyclic ketones were formed in a 
'one pot' reaction. It was also observed from TLC scale 
experiments that adducts 13 and 14 could be cyclised to the 
respective tetracyclic ketones by treatment with Et,N in MeOH 
at room temperature. 

We then investigated the reaction of 2-acetylquinizarin 
1 with methyl 3-oxovalerate because functional group 
manipulation of the cyclic ketones would give access to 4- 
deoxy-E-rhodomycinone. Methyl 3-oxovalerate6 was prepared 
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from methyl acetoacetate in 80% yield. Reaction of 1 with 
methyl 3-oxovalerate in MeOH in presence of quinuclidine gave 
the aromatic tetracycle 4 (lo%), the furan 10 (16%), the adduct 
15 (20%) and a mixture of diastereoisomeric ketones 20a and 
20bf (30%). The diastereoisomers could not be separated and 
the 'H NMR spectrum showed a 4.5: 1 ratio for the ketones. 
Treatment of the adduct 15 with Et,N-MeOH afforded a 
mixture of ketones 20a and 20b (50%) along with 4 (10%) and 
10 (17%). The ratio of the 20a and 20b from this reaction was 
also found to be 4.5:l. It is notable that the ketones were 
isolated in higher yield whereas the furan was obtained in lower 
yield than in the previous reactions. Thus, it was thought that 
substitution of the ester methyl for bulkier alkyl groups might 
improve the yield and the isomer ratio as well as cut down the 
amount of furan formation. 

In the reaction of ethyl 3-oxovalerate with 2-acetylquinizarin 
aromatic tetracycle 5 (10%) was isolated as well as furan 
11 (1 579, the adduct 16 (20%) and a mixture of ketones 21a and 
21b (35%). Although an increase in the yield of the ketones 21a 
and 21b was observed there was no change in the isomer ratio. 
Next we examined the reaction of tert-butyl 3-oxovalerate with 
2-acetylquinizarin 1. tert-Butyl 3-oxovalerate was prepared in 

t All compounds described are racemates but only one enantiomer is 
used in formulae. 



1238 J. CHEM. SOC. PERKIN TRANS. 1 1992 

63% yield by Claisen reaction between rert-butyl acetate and 
ethyl propionate following the procedure of Danishefsky et a/.'9 
The reaction of compound 1 with terr-butyl 3-oxovalerate 
afforded the tetracycle 6 (25%), the furan 12 (10%) and the 
ketones 22a (14%) and 22b (26%). The C-10 methine proton 
(anthracyclinone numbering) of the major ketone appeared as a 
singlet at 6 4.38, while that in the minor isomer was at 6 
4.48. NOE experiments provided information about the relative 
stereochemistry of C-9 and C-10 positions. A 13% increase in 
the intensity of the C-10 methine proton singlet of the major 
isomer was observed by irradiating the methylene protons of 
the ethyl group. This suggested that C-10 ester function and C-9 
hydroxy group were cis orientated. No such intensity increase 
was observed in the minor isomer. Hence structure 22b was 
assigned to the major isomer and structure 22a was assigned to 
the minor. It was also noticed that the C-10 methine proton of 
the major ketone 22b appeared at higher field than that of the 
minor ketone 22a. This was also observed in the case of other 
diastereoisomeric mixtures. Thus, by analogy, structures 18b, 
19b, 20b and 21b were assigned to the major isomers in the 
respective mixtures. These results are in accord with reaction to 
form conformation 24, in which C02R is equatorial and the 

oxygen of the acceptor carbonyl axial as the favoured geometry 
for attack. This result is in agreement with the stereochemistry 
reported for the formation of P-hydroxycyclohexanones.20 The 
mechanism for the formation of the various products is outlined 
in Scheme 1. 

Next we examined the reaction of 1 with 4,4-dimethoxy-3- 
oxopentanoate in the hope that the diastereoselectivity of the 
reaction might improve. Methyl 4,4-dimethoxy-3-oxopentan- 
oate was prepared, following the procedure of Danishefsky er 
a/. * ' from the reaction of 3,3-dimethoxybutan-2-0ne~~ and 
dimethyl carbonate. Reaction of methyl 4,4-dimethoxy-3-0~0- 
pentanoate with compound 1 in presence of tetramethylethyl- 
enediamine (TMEDA) in MeOH afforded the aromatic 
tetracycle 7 (lo%), the adduct 17 (2073, a tetracyclic ketone 23 
(38%) and unchanged 1 (20%). No furan formation was 
observed possibly due to the steric hindrance induced by the 
side chain. The 'H NMR spectrum of the adduct 17 indicated it 
to be a mixture of 17 and its enol form in 1.14: 1 ratio. 
Surprisingly, the 'H NMR spectrum of the tetracyclic ketone 
showed only one set of protons. From the results of other 
reactions it was expected that the product would be a mixture of 
two diastereoisomers 23aand 23b. Reaction of the adduct 17 with 
Et3N in MeOH under nitrogen at room temperature gave a 
mixture of the ketones 23a and 23b(60%) along with the aromatic 
tetracycle 7 (10%) and unchanged 17 (12%). 

Reduction of the diastereoisomeric mixture of ketones 20a 
and 20b was next investigated because it would not only allow us 
to complete the synthesis of 4-deoxy-~-rhodomycinone but also 
furnish further evidence regarding the stereochemistry of the 
tetracyclic ketones. Reaction of the mixture of ketones 20a and 
20b with NaBH,-CeCl,-MeOH gave four diols which were 
separated by repetitive PTLC. The major diol (40%) in its 'H 
NMR spectrum showed the following signals for the A ring 
protons: an unresolved quartet (W+ 14.0 Hz) at 6 5.25 for 
7-H, a doublet at 6 4.17 for the 7-OH, a singlet at 6 3.96 for 
10-H, a singlet at 6 3.83 for the ester methyl protons, a singlet 
at 6 3.76 for the 9-OH, and two doublets of doublets at 6 
2.45 (J 15.0 and 4.5 Hz) and 6 1.98 (J 15.0 and 5.5 Hz) for the 
8-methylene protons. The assignments of the A-ring protons 

w R 1  / 0 OH & R  0 0 

0 OH 0 0 OH 0 
Scheme 1 

were confirmed by decoupling experiments. No long range 
coupling was observed between 10-H and the 8-methylene 
protons. However, precedence exists for both the presence and 
absence of this type of long range coupling. A 1.3 Hz coupling 
was found between the C-10 and C-8 equatorial protons in 
4-deoxyalkavinone' whereas no such coupling was observed 
in 4-deoxy- 14-nor-~-rhodomycinone.~~ Comparison of the 
coupling constants of the A ring protons of the product diol 
with l i t e r a t ~ r e ~ ~ . ~ ~  precedent indicated that the configurations 
at C-7 and C-9 in the product were different from those in the 
natural product. However, the coupling constant of 7-H and 8- 
H product showed similarity with those of 10-epi-Cdeoxy- 
auramycinone. Hence on the basis of the spectroscopic data the 
major product was assigned structure 25. The cis orientation of 
7-OH and 9-OH was confirmed by preparing2' a phenyl 
boronate ester 33 (95%). The ambient temperature 'H NMR 
spectrum of 33 unexpectedly showed a very broad singlet for the 
ester methyl protons at 6 3.53. At - 47 "C the methyl signal split 
into two sharp singlets in 6: 1 ratio establishing that at ambient 
temperature there was a conformational equilibrium slow on 
the NMR timescale. 

The second diol (20%) showed the following signals for the 
A-ring protons: an unresolved triplet (W+ 14 Hz) at 6 5.44 for 
7-H, a singlet at 6 3.78, and two doublets of doublets at 6 
2.50 (J 15.0 and 7.5 Hz) and 2.03 (J 15.0 and 5.0 Hz) for the 8- 
methylene protons. The diol did not form a boronate and hence 
a trans orientation of the 7-OH and 9-OH was established. On 
this basis and comparison with a related compound reported by 
Krohn et a/.23 structure 27 was assigned. The third diol (10%) 
formed a phenylboronate. In the NMR spectrum 7-H appeared 
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as an unresolved triplet (W+ 8.0 Hz) at 6 5.42 and the 10-H 
singlet was found at 6 4.32. A 2 H distorted doublet at 6 
2.30 was assigned to the 8-methylene protons. On the basis the 
diol was assigned the 4-deoxy-~-rhodomycinone structure 29. 
The fourth diol was obtained in meagre quantity. 

Epimerisation of 25 at C-10 would give the enantiomer of 29 
and provide further evidence for the structures assigned to these 
compounds.26 To this end a solution of 25 in CH2Cl, was 
treated with 1,8-diazabicyclo[5.4.O]undec-7-ene (DBU) and 
gave a 2:l  mixture of 25 and 29. This observation contrasts 
with the report2, that the thermodynamically more stable 
isomer in the 1 1-deoxy series is that with methoxycarbonyl and 
hydroxy groups trans. 

Reduction of the mixture of ketones 23a and 23b with 
NaBH,-CeCl,-MeOH gave a mixture from which only one 
product was isolated in 30% yield. The product, of composition 

m), 7.88 (2 H, m), 5.56 (1 H, t, J 3.0 Hz), 4.62 (1 H, s), 3.78 (3 H, 
s), 3.14 (3 H, s), 2.48 (2 H, d, J 3.0 Hz) and 1.44 (3 H, s), and was 
assigned structure 35. If the crude mixture obtained from 
NaBH, reduction of ketones 23a and 23b was hydrolysed with 
CF,CO2H-H,O then three main fractions were isolated by 
PTLC. The first product (38%), C22H1809, was a 3: 1 mixture 
(which also gave an inseparable mixture of phenylboronates) 
showed 6,(major) 5.43 (1 H, m), 4.60 (1 H, s), 2.46 (3 H, s) 
2.43 (1 H, dd, J 15 and 3 Hz), 2.08 (1 H, dd, J 15 and 4.5 Hz) and 
G,(minor) 5.23 (1 H, m), 4.53 (1 H, s), 2.44 (3 H, s), 2.38 (1 H, dd, 
J 15 and 6 Hz), 2.02 (1 H, dd, J 15 and 4 Hz). On the basis of this 
evidence and by analogy the major diol was assigned structure 
26 and the minor isomer postulated to be 30. Hence structure 34 
was assigned to the major boronate and structure 36 to the 
minor boronate. 

The second diol(14X) did not form a boronate and showed 
6,, 5.56 (1 H, m), 5.22 (1 H, s), 2.84 (2 H, m), and 2.62 (3 H, s). 

C23H2009, showed 6 ,  13.29 (1 H, s), 13.24 (1 H, s), 8.41 (2 H, 

The third diol (6%) did not form boronate and showed 6" 
5.63 (1 H, m), 5.36 (1 H, s), 3.00 (1 H, dd, J 15 and 4 Hz), 2.92 (1 
H, d, J 15 Hz), 2.62 (3 H, s). From the comparison of the 
chemical shifts of the 10-H and 8-H structure 28 was assigned to 
the more abundant diol and structure 32 to the minor one. 

From these results it is clear that the major diastereoisomers 
formed in the intramolecular aldol condensations belong to the 
unnatural series with OH and C0,Me cis and that these 
isomers are thermodynamically the more stable. We were 
also unable to decarbomethoxylate 30 to demethoxydauno- 
mycinone. 

Experimental 
Melting points were recorded on a Kofler block and are 
uncorrected. NMR spectra were measured in CDCl, at 60 MHz 
on a Perkin Elmer R12B instrument, at 220 MHz on a Perkin- 
Elmer R34 instrument and at 300 MHz on a Varian SC300 
instrument unless indicated to the contrary. J values are given 
in Hz. UV spectra were recorded in CHC13 on a Shimadzu UV- 
260 spectrometer, E values are given in dm3 mol-' cm-'. IR 
spectra were recorded in CHCl, on either a Pye-Unicam SP3- 
200 or a Perkin-Elmer 1710 spectrometer. Mass spectra were 
recorded on AEI MS30 and Kratos MS25 instruments. TLC 
and PTLC were performed on Merck Silica gel 60F-254. Silica 
gel for column chromatography was Merck Kiesel gel 60 H. 

2-Acetyl-l,4-dihydroxyanthraquinone 1 .-Jones' reagent (1.1 
cm3) was added dropwise to a stirred mixture of lP-dihydroxy- 
2-( 1-hydroxyethy1)anthraquinone (500 mg) and Celite (1 g) in 
acetone (50 cm3) at room temperature. After 1 h the mixture 
was filtered, diluted with CH2Cl2 (70 cm3), washed with water 
(3 x 50 cm'), dried (MgSO,), passed through a plug of silica 
gel and the filtrate evaporated to give the ketone 1 as a red solid 
(372 mg), m.p. 2W202"C; v,,/cm-' 1690, 1625 and 1590; 
I,,,/nm 252 ( E  15 600), 284 (5000) and 484 (4550); 6, 
13.84 (1 H, s), 12.62 (1 H, s), 8.42 (2 H, m), 7.91 (2 H, m), 7.76 (1 
H, s), 2.75 (3 H, s) (Found: M + ,  282.0532. Cl6HI0O5 requires 
M, 282.0528). 

Reaction of the Quinone 1 with Methyl Acetoacetate.-A 
suspension of the quinone 1 (160 mg) in MeOH (70 cm3) was 
treated with quinuclidine (312 mg) and methyl acetoacetate 
(165 mg). The reaction mixture was stirred at room temperature 
for 2 h and then diluted with water (50 cm3), acidified with 2 
mol dm-, HCl, and extracted with CH2Cl, (2 x 30 cm3). The 
combined organic extracts were dried (MgSO,) and evaporated 
to give a red solid. Preparative TLC on silica gel eluting with 
CH,Cl,-AcOEt (19:l) afforded 2 (6.4 mg), 8 (28 mg), 13 
(30 mg) and a mixture of 18a and 18b (45 mg). 4,5,12-Trihydroxy- 
2-methyl- 1 -methoxycarbonylnaphthacene-6,11 quinone 2: m.p. 
233-235 "C; v,,,/cm-' 3400-3100, 1730 and 1600, 2,,,/nm 
249 ( E  22 500), 272 (44 750)' 467 (12 200), 498 (21 750) and 
535 (21 550); 6 14.88 (1 H, s), 14.20 (1 H, s), 12.74 (1 H, s), 8.58 
(2 H, m), 7.89 (2 H, m), 7.22 (1 H, s), 4.06 (3 H, s) and 2.44 (3 H, 
s) (Found M + 378.0737. C21H1407 requires M ,  378.0739). 
4-Acetyl-5-hydroxy-2-methyl-3-methoxycarbonylfuro[ 2,3-a]- 
anthraquinone 8: m.p. 194-195 "C; v,,/cm-' 1725, 1680, 1630 
and 1590; lmax/nm 258 ( E  21 250) and 426 (5800); 6 13.14 
(1 H, s), 8.40 (2 H, m), 7.90 (2 H, m), 3.91 (3 H, s), 2.88 (3 H, s), 
2.76 (3 H, s) and 2.76 (3 H, s); (Found: M+, 378.0745. C21H14O7 
requires A4, 378.0739). 3-Acetyl-2-[ace~yl(rnethoxycarbonyl)- 
methyl ]-1,4-dihydroxyanthraquinone 13: m.p. 154-1 56 "C; 
v,,,/cm-' 3500-2500, 1670, 1625 and 1590; A,,,/nm 252 ( E  

66 200), 258 (65 050), 290 (19 650), 330 (5250), 485 (17 450) and 
520 (10 500); 6 13.30 (1 H, s), 13.16 (1 H, s), 13.12 (1 H, s), 8.44 
(2 H, m), 7.93 (2 H, m), 3.72 (3 H, s), 2.46 (3 H, s) and 1.90 (3 H, s) 
(Found: M+,  396.0836. CZ1Hl6O8 requires M ,  396.0845). 
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1,2,3,4- Tetrahydr0-2,5,12-trihydroxy- 1 -methoxycarbonyl-2- 
methyl-4-oxonaphthacene-6,ll -quinone 18a and 18b  m.p. 202- 
204 "C; vmax/cm-l 3480-3100, 1730, 1700, 1628 and 1590; 
lmax/nm 256 (E  31 300), 289 (11 OOO) and 494 (10 0oO); 6 
(Ma): 14.02 (1 H, s), 13.24 (1 H, s), 8.44 (2 H, m), 7.93 (2 H, m), 
4.50 (1 H, s), 3.80 (3 H, s), 3.23 (1 H, d, J 16.5), 2.96 (1 H, s), 2.79 
(1 H, d, J 16.5) and 1.54 (3 H, s); (18b): 14.02 (1 H, s), 13.32 (1 H, 
s), 8.44 (2 H, m), 7.93 (2 H, m), 4.44 (1 H, s), 3.82 (3 H, s), 3.23 (1 
H, d, J 16.5), 2.96 (1 H, s), 2.83 (1 H, d, J 16.5) and 1.44 (3 H, s) 
(Found: M + ,396.0844. C2 H 6 0 8  requires M, 396.0845). 

Reaction of the Quinone 1 with Ethyl Acetoacetate.-The 
same procedure was used as that described for methyl aceto- 
acetate and 3 (7%), 9 (19%), 14 (17%) and a mixture of 19a and 
19b (24%) were isolated after chromatography. Compound 3: 
m.p. 229-230°C; v,,,/cm-' 1710 and 1600, A,,,/nm 245 ( E  

11 750), 267 (23 200), 463 (4150), 496 (7650) and 529 (8250); 6 
14.88 (1 H, s), 14.17 (1 H, s), 12.72 (1 H, s), 8.55 (2 H, m), 7.86 (2 
H, m), 7.19 (1 H, s), 4.56 (2 H, q, J7.5), 2.42 (3 H, s) and 1.41 
(3 H, t, J 7.5) (Found: M+,  392.0895. C22H1607 requires M, 
392.0895). Compound 9 m.p. 214-216 "C; v,,,/cm-' 1700, 
1670, 1630 and 1590; A,,,/nm 255, 275, 405, 425 and 445; 6 
13.14 (1 H, s), 8.37 (2 H, m), 7.88 (2 H, m), 4.40 (2 H, q, J 7.9, 
2.86 (3 H, s), 2.75 (3 H, s) and 1.38 (3 H, t, J7.5); (Found: M+,  
392.0906. C22H1607 requires M, 392.0895). Compound 1 4  m.p. 
146148 "C; v,,,/cm-' 3600-3100, 1705, 1625 and 1590; 
l,,,/nm 252 (E  16 200), 280 (5400), 482 (4000) and 520 
(2700); 6 13.27 (1 H, s), 13.20 (1 H, s), 13.14 (1 H, s), 8.44 (2 H, 
m), 7.93 (2 H, m), 4.25 (2 H, q, J7.5), 2.48 (3 H, s), 1.89 (3 H, s) 
and 1.22 (3 H, t, J 7.5); (M+, 410.0995. C22H1808 requires M, 
410.0994). Compounds 19a and 19b  m.p. 177-179 "C; v,,,/cm-' 
1730, 1710, 1625 and 1600, I,,,/nm 256 ( E  24OOO), 290 
(8300) and 496 (7600); 6 (19a): 14.02 (1 H, s), 13.21 (1 H, s), 
8.42 (2 H, m), 7.91 (2 H, m), 4.47 (1 H, s), 4.27 (2 H, q, J 7.0), 
3.25 (1 H, d, J 16.5 ), 2.99 (1 H, s), 2.79 (1 H, d, J 16.5), 1.55 (3 
H, s) and 1.31 (3 H, t, J7.0); (19b): 14.02 (1 H, s), 13.28 (1 H, 
s), 8.42 (2 H, m), 7.91 (2 H, m), 4.41 (1 H, s,), 4.29 (9, J 7.0), 
3.24 (1 H, d, J 16.5), 2.99 (1 H, s), 2.83 (1 H, d, J 16.5), 1.55 (3 
H, s) and 1.29 (3 H, t, J 7.0) (M', 410.1006. C22H1808 
requires M, 410.1002). 

Methyl 3-Oxovalerate.-Sodium hydride (60% dispersion in 
mineral oil; 0.97 g) was placed in a flame dried three-necked 
flask under nitrogen and then washed three times with dry light 
petroleum (b.p. 40-60"). Dry tetrahydrofuran (THF) (50 cm3) 
was added and the flask was placed in an ice bath. Methyl 
acetoacetate (2.5 g) was added dropwise and the solution was 
stirred for 20 min. A solution of butyllithium in hexane (1 mol 
dm-3; 22.6 cm3) was added dropwise and the orange solution 
was stirred at 0 ° C  for an additional 20 min. A solution of 
methyl iodide (3.36 g) in THF (5 cm3) was added and the 
reaction mixture was stirred at room temperature for 30 min. 
The reaction was quenched with 10 mol dmP3 HCl(5 cm3) and 
water (15 cm3) and then diethyl ether (40 cm3) added. The 
organic phase was washed with water until the aqueous extracts 
were neutral, then dried (MgS04) and evaporated to give crude 
product as a pale yellow liquid (2.68 g), Distillation at 69- 
71 "C/14 mmHg gave pure methyl 3-oxovalerate as a 
colourless liquid (2.24 g); v,,,/cm-' (liquid film) 1740 and 
1715; 6 3.70 (3 H, s), 3.40 (2 H, s), 2.55 (2 H, q, J 7.0) and 1.05 
(3 H, t, J 7.0). 

Reaction of the Quinone 1 with Methyl 3-Oxovalerate.-The 
reaction was carried out as described for methyl acetoacetate 
except that the reaction mixture was stirred for 3 h. Preparative 
TLC on silica gel eluting with CH,C12-AcOEt (19:l) gave 
aromatic tetracycle 4 (lo%), furan 10 (16%), adduct 15 (20%) and 
a mixture of ketones 20a and 20b (30%). Compound 4 m.p. 210- 

202 "C; vmax/cm-' 1725 and 1595; l,,,/nm 249 ( E  24 OOO), 
272 (42 500), 467 (12 400), 498 (21 700) and 535 (20 900); 6 14.88 
(1 H, s), 14.20 (1 H, s), 12.75 (1 H, s), 8.60 (2 H, m), 7.90 (2 H, m), 
7.14 (1 H, s), 4.08 (3 H, s), 2.76 (2 H, q, J 7.5) and 1.34 (3 H, t, J 
7.5) (Found: M + ,  392.0901. C22H1607 requires M, 392.0896). 
Compound 10 m.p. 188-190°C; v,,,/cm-' 1710, 1670, 1630 
and 1590; v,,,/nm 258 ( E  32 750) and 427 (9 050); 6 13.14 
(1 H, s), 8.37 (2 H, m), 7.88 (2 H, m), 3.88 (3 H, s), 3.26 (2 H, q, J 
7.5),2.74 (3 H, s) and 1.45 (3 H, t, J 7.5) (Found: C, 67.6; H, 4.2. 
M + ,  292.0906. C22H1607 requires C, 67.4; H, 4.1%; M, 
392.0896). Compound 15: m.p. 148-150 "C; v,,,/cm-' 1701, 
1630 and 1590; A,,,/nm 253 ( E  35 450) and 494 (9650); 6 
13.22(1 H,s), 13.16(1H,s), 13.10(1 H,s),8.40(2H,m),7.90(2 
H,m),3.69(3H,s),2.42(3H,s),2.14(2H,q,J7.5), 1.08(3H,t,J 
7.5) (Found: M', 410.1005. C22H1808 requires M, 410.1002). 
Compounds 20a and 20b m.p. 176178 "C; v,,,/cm-' 3600-3440, 
1725, 1700, 1630 and 1590; A,,,/nm 256 ( E  24 300), 289 
(8750) and 496 (8200); 6 (20a): 14.00 (1 H, s), 13.23 (1 H, s), 
8.41 (2 H, m), 7.91 (2 H, m), 4.56 (1 H, s), 3.78 (3 H, s), 3.15 (1 
H, d, J 16.5), 2.92 (1 H, s), 2.80 (1 H, d, J 16.5), 1.64 (2 H, m) 
and 1.14 (3 H, t, J 7.5); (20b): 13.98 (1 H, s), 13.28 (1 H, s), 
8.41 (2 H, m), 7.91 (2 H, m), 4.50 (1 H, s), 3.80 (3 H, s), 3.18 (1 
H, d, J 16.5), 2.92 (1 H, s), 2.86 (1 H, d, J 16.5), 1.64 (2 H, m) 
and 1.00 (3 H, t, J 7.5) (Found: M+,  410.1004. C22H1808 
requires M, 410.1002). 

Cycfisation of the Adduct 15.-A solution of the adduct 15 
(80 mg) in MeOH (40 cm3) was treated with Et3N (39 mg) at 
room temperature for 3 h. Work-up and chromatography 
gave 4 (7.6 mg), 10 (13.0 mg) and a mixture of 20a and 20b (40.0 
mg). 

Ethyl 3-Oxovalerate.-Ethyl 3-oxovalerate was prepared 
from ethyl acetoacetate and methyl iodide following the 
procedure described for methyl 3-oxovalerate. Distillation of 
the crude product at 78-80 "C/12 mmHg afforded pure 
product as a colourless liquid (2.27 g), vmax/cm-' (liquid film) 
3400, 1740, 1715, 1640 and 1630; 6 4.15 (2 H, q, J 7.9, 3.40 (2 
H, s), 2.55 (2 H, q, J 7 3 ,  1.30 (3 H, t, J 7.5) and 1.10 (3 H, t, J 
7.5). 

Reaction of the Quinone 1 with Ethyl 3-Oxoualerate.-The 
same procedure was used as that described for methyl 3- 
oxovalerate and the products were separated by preparative 
TLC. Aromatic tetracycle 5 (10%): m.p. 203-205 "C; v,,,/cm-' 
1730 and 1595; A,,,/nm 249 (E  25 750), 272 (48 800), 467 
(13 800), 498 (24 550) and 535 (24 100); 6 14.91 (1 H, s), 14.18 
(1 H, s), 12.74 (1 H, s), 8.56 (2 H, m), 7.86 (2 H, m), 7.24 (1 H, s), 
4.58(2H,q,J7.5),2.74(2H,q,J7.5),1.45(3H,t,J7.5)and1.32 
(3 H, t, J 7.5) (Found: M', 406.1048. C23H1807 requires M ,  
406.1052). Furan 11 (15%): m.p. 168-170 "C; v,,,/cm-' 1710, 
1670, 1630 and 1590; A,,,/nm 258 (E  28 450) and 427 (7900); 
6 13.17 (1 H, s), 8.40 (2 H, m), 7.90 (2 H, m), 4.42 (2 H, q, J 7.9, 
3.28 (2 H, q, J7.5), 2.78 (3 H, s), 1.47 (3 H, t, J7.5) and 1.42 (3 H, 
t, J 7.5) (Found: M', 406.1052. C23H1807 requires M, 
406.1052). Adduct 16 (20%): m.p. 140-142 "C; v,,,/cm-' 3480- 
2500, 1710, 1620 and 1590; A,,,/nm 253 ( E  37400) and 486 
(9650); 6 13.30 (1 H, s), 13.26 (1 H, s), 13.14 (1 H, s), 8.43 (2 H, 
m), 7.91 (2 H, m), 4.24 (2 H, q, J7.5), 2.46 (3 H, s), 2.15 (2 H, q, J 
7.5),1.20 (3 H, t, J7.5),1.09 (3 H, t, J 7.5) (Found: M +, 424.1 150. 
C23H2008 requires M424.1158). Ketones2laand21 b(35%): m.p. 
167-169 "C; vmaX/cm-' 1725, 1700, 1625 and 1590; A,,,/nm 
256 ( E  41 900), 290 (14 300), 493 (13 750); 6 (21a): 14.00 (1 
H, s), 13.22 (1 H,s), 8.40(2 H,m), 7.90(2 H,m),4.53 (1 H, s),4.27 
(2 H, q, J7.5), 3.16 (1 H, d, J 16.0), 2.96 (1 H, s), 2.86 (1 H, d, 
J 16.0), 1.63 (2 H, m), 1.26 (3 H, t, J 7.5) and 1.14 (3 H, t, J 
7.5); 21b, 13.98 (1 H, s), 13.27 (1 H, s), 8.40 (2 H, m), 7.90 (2 
H, m), 4.46 (1 H, s), 4.27 (2 H, q, J7.5), 3.16 (1 H, d, J 16.0), 
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2.96 (1  H, s), 2.86 (1 H, d, J 16.0), 1.63 (2 H, m), 1.28 (3 H, t, J 
7.5) and 1.00 (3 H, t, J 7.5) (Found M+, 424.1152. C23H2008 
requires M ,  424.1 158). 

tert-Bury1 3-Oxoualerate.-A solution of butyllithium in 
hexane (1 mol dm-3; 11.53 cm3) was added dropwise over a 
period of 5 min to a stirred solution of diisopropylamine (1.16 g) 
in THF (15 cm3) at 0 "C under nitrogen and the solution was 
stirred for a further 10 min. The solution was cooled to - 78 "C 
and tert-butyl acetate (1.16 g) was added dropwise over a 
period of 10 min. The solution was stirred at the same 
temperature for an additional 20 min. Ethyl propionate (1.07 g) 
was slowly added and the reaction mixture was warmed to 
room temperature over 5 h. The reaction was quenched by 
addition of water (20 cm3) and then acidified with 2 mol dm-3 
HC1. The mixture was extracted with diethyl ether (3 x 50 
cm3) and the combined extracts were dried (MgSO,) and 
evaporated to give a pale yellow liquid (1.25 g). Chromatogra- 
phy on silica gel eluting with pentane-diethyl ether (6:l) 
afforded pure tert-butyl 3-oxovalerate as a colourless liquid 
(1.08 g), v,,,/cm-' (liquid film) 3600-3360,1735,1720 and 1645; 
6 3.30 (2 H, s), 2.55 (2 H, q, J7.3,  1.46 (9 H, s) and 1.10 (3 H, t, J 
7.5). 

Reaction of the Quinone 1 with tert-Butyl 3-0xovalerate.- 
The same procedure was carried out as that described for 
methyl 3-oxovalerate except that the reaction mixture was 
stirred for 9 h. The products were separated by preparative 
TLC. Aromatic tetracycle 6 (25%): m.p. 206-208 "C; v,,/cm-' 
1710 and 1600; I,,,/nm 249 (E 15 400), 272 (29 900), 467 
(7900), 498 (14 200) and 535 (14 OOO); 6 15.00 (1 H, s), 14.15 
(1 H, s), 12.66 (1 H, s), 8.52 (2 H, m), 7.85 (2 H, m), 7.22 (1 H, s), 
2.75 (2 H, q, J 7.9, 1.64 (9 H, s) and 1.29 (3 H, t, J 7.5) (Found 
M+, 434.1365. C25H2207 requires M, 434.1365). Furan 12 
(10%): m.p. 187-189 "C; v,,,/cm-' 1720, 1670, 1630 and 1595; 
I,,,/nm 259 ( E  28 600) and 427 (8350); 6 13.17 (1 H, s), 8.36 
(2 H, m), 7.87 (2 H, m), 3.19 (2 H, q, J 7.9, 2.76 (3 H, s), 1.60 
(9 H, s) and 1.44 (3 H, t, J 7.5) (Found: M+, 434.1359. 
C25H2207 requires M, 434.1365). Ketone 22a (14%): m.p. 150- 
152 "C; v,,,/cm-' 1715, 1700, 1630 and 1595; I,,,/nm 256 
(t' 24 050), 291 (7750) and 496 (7700); 6 14.04 (1 H, s), 13.24 
(1 H, s), 8.44 (2 H, m), 7.92 (2 H, m), 4.48 (1 H, s), 3.19 (1 H, d, J 
16.5), 2.80 (1 H, d, J 16.5), 1.92 (1 H, m), 1.75 (1 H, m), 1.48 (9 H, 
s) and 1.19 (3 H, t, J 7.5) (Found: M+, 452.1475. C ~ ~ H 2 4 0 8  
requires M, 452.1471). Ketone 22b (26%): m.p. 152-154 "C; 
v,,,/cm-' 1720, 1700, 1630 and 1590; A,,,/nm 256 ( E  

25000), 290 (7800) and 496 (7850); 6 14.02 (1 H, s), 13.32 
(1 H, s), 8.40 (2 H, m), 7.90 (2 H, m), 4.38 (1 H, s), 3.26 (1 H, s), 
3.11(1H,d,J16.5),2.87(1H,d,J16.5),1.63(2H,m),1.48(9H, 
s) and 0.98 (3 H, t, J 7.5) (Found: M+, 452.1468. C25H24Os 
requires M, 452.147 1). 

3,3-Dimethoxybutan-2-one.-A mixture of freshly distilled 
diacetyl (20 g) and anhydrous NH4C1 (500 mg) in MeOH (100 
cm3) was heated under reflux for 1.5 h and then set aside 
overnight. The reaction mixture was made alkaline with 
NaHCO, solution. MeOH was removed by distillation and the 
ketal-water mixture was extracted with light petroleum (b.p. 
40-60 "C) continuously for a week. The light petroleum layer 
was separated, concentrated and dried (Na2S04). This was 
distilled initially at atmospheric pressure to remove light 
petroleum and then at water pump pressure to give pure 3,3- 
dimethoxybutan-2-one as a pale yellow liquid (15.34 g), b.p. 78- 
80 OC/90 mmHg; v,,,/cm-' (liquid film) 1728; 6 3.23 (6 H, 
s), 2.23 (3 H, s) and 1.38 (3 H, s). 

Methyl 4,4-Dimethoxy-3-oxopentanoate.-3,3-Dimethoxy- 
butan-2-one (10 g) was added dropwise over a period of 2.5 h to 

a boiling suspension of NaH (4.66 g) in benzene (260 an3) and 
dimethyl carbonate (15.33 g). After 3 h of heating, the light 
green suspension was cooled in an ice bath and carefully 
quenched with acetic acid (12 cm3) and diluted with diethyl 
ether (200 cm3). The mixture was washed with water (3 x 100 
cm3), dried (Na2S0,) and evaporated to give a yellow liquid. 
Distillation at 80-82 "C/0.4 mmHg gave the ester as a 
colourless liquid (8.93 g), v,,,/cm-' (liquid film) 1742, 1728, 
1660 and 1630; 6 5.45 (1 H, s), 3.70 (3 H, s), 3.68 (3 H, s), 3.58 
(2 H, s), 3.20 (6 H, s) 3.15 (6 H, s), 1.46 (3 H, s) and 1.38 (3 H, 
s). 

Reaction of 1 with Methyl 4,4-Dimethoxy-3-oxovalerate.-A 
suspension of the quinone 1 (200 mg) in MeOH (300 cm3) was 
treated with TMEDA (575 mg) and methyl 4,4-dimethoxy-3- 
oxopentanoate (1.35 g). The reaction mixture was stirred at 
room temperature for 72 h. Work-up and preparative TLC on 
silica gel eluting with CH2C12-AcOEt (9 : 1) afforded aromatic 
tetracycle 7 (32 mg), adduct 17 (66 mg), the ketones 23a and 23b 
(127 mg), and unchanged 1 (56 mg). Compound 7: m.p. 142- 
144 "C; vmaX/cm-' 1725 and 1595; A,,,/nm 253 ( E  16 950), 271 
(32 050), 470 (8200), 501 (14 250) and 538 (13 600); 6 14.93 (1 H, 
s), 14.14 (1 H, s), 12.80 (1 H, s), 8.53 (2 H, m), 7.84 (2 H, m), 7.58 
(1 H, s), 3.98 (3 H, s), 3.24 (3 H, s), 3.22 (3 H, s) and 1.65 (3 H, s) 
(Found: M+, 452.1099. C24H20O9 requires M, 452.1 107). 
Compound 17: m.p. 117-1 19 "C; v,,,/cm-' 360G3100, 1743, 
1680, 1630 and 1585; A,,,/nm 251 ( E  31 500), 284 (10 150) and 
475 (10 050); 6 (keto form): 13.63 (1 H, s), 13.24 (1 H, s), 8.44 (2 
H, m), 7.94 (2 H, m), 4.88 (1 H, s), 3.76 (3 H, s), 3.58 (3 H, s), 3.38 
(3 H, s), 2.76 (3 H, s) and 1.49 (3 H, s); (enol form): 14.16 (2 H, s), 
8.35 (2 H, m), 7.88 (2 H, m), 4.58 (1 H, s), 3.79 (3 H, s), 3.34 (3 H, 
s), 3.22 (3 H, s), 2.70 (3 H, s) and 1.52 (3 H, s); m/z 488 (M + + 18, 
CI) (Found: C, 61.0; H, 4.7. C24H22O10 requires C, 61.3; H, 
4.7%). Compoun& 23a and 23b m.p. 180-182 "C; v,/cm-' 1730, 
1705,1630 and 1590; I,,,/nm 256 ( E  31 400), 290 (9550) and 497 
(9400); 6 13.94 (1 H, s), 13.34 (1 H, s), 8.46 (2 H, m), 7.94 (2 H, m), 
4.88 (1 H, s), 3.82 (3 H, s), 3.40 (3 H, s), 3.36 (1 H, d, J 15.5),3.24 (3 
H, s), 3.20 (3 H, s), 2.96 (1 H, d, J 15.5) and 1.46 (3 H, s); m/z 471 
(M+ + 1, CI) (Found: C, 61.4; H, 5.0; C24H22010 requires C, 
61.3; H, 4.7%). 

Cyclisation oJ the Adduct 17.-The cyclization of the adduct 
17 was carried out following the procedure described for 
adduct 15 and afforded a mixture of ketones 23a and 23b in 
60% yield along with aromatic tetracycle 7 (10%) and 
unreacted 17. 

Reduction of the Mixture of Ketones 2Oa and ZOb.--CeCl, 
(122 mg) was added to a solution of ketones 2Oa and 20b (120 
mg) in isopropyl alcohol (40 cm3). The solution was cooled in 
an ice bath and NaBH, (22 mg) was added. After 8 h of stirring 
another portion of NaBH, (16 mg) was added and the reaction 
mixture was stirred for another 24 h. The reaction mixture was 
diluted with water (50 cm3), acidified with 2 mol dm-3 HCl and 
extracted with CH2C12 (2 x 30 cm3). The extracts were dried 
(MgSO,) and evaporated to give a red solid. Preparative TLC 
on silica gel eluting with CH2C12-AcOEt (9: 1,3 developments) 
gave four diols. Compound 25 (48 mg): m.p. 200-202 "C; 
v,,,/cm-' 3500, 1730, 1625 and 1590; I,/nm 252 (E  

34050), 289 (9500), 470 (9050) and 485 (9350); 6 13.63 (1 H, 
s), 13.59 (1 H, s), 8.41 (2 H, m), 7.89 (2 H, m), 5.25 (1 H, W+ 14.0), 
4.17 (1 H, d, J 6.0), 3.96 (1 H, s), 3.83 (3 H, s), 3.76 (1 H, s), 
2.45 (1 H, dd, J 15.0 and 4.9, 1.98 (1 H, dd, J 15.0 and 5 . 9 ,  1.79 
(1 H, m), 1.68 (1 H, m) and 1.05 (3 H, t, J7.5), (Found C, 64.5; 
H, 5.0. M+ 412.1153. C22H2008 requires C, 64.1; H, 4.85%; M, 
412.1158). Compound 27 (24 mg): m.p. 205-208 "C; ~ , , ~ / c m - ~  
3540, 1730, 1625 and 1590; Ama,/nm 250 ( E  34000), 288 
(14 300), 469 (9050) and 484 (9350); 6 13.78 (1 H, s), 13.54 (1 
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H, s), 8.43 (2 H, m), 7.92 (2 H, m), 5.44 (1 H, W, 14.0), 4.14 (1 
H, s), 3.82 (3 H, s), 3.78 (1 H, s), 2.62 (1 H, br s), 2.50 (1 H, dd, J 
15.0 and 7.9, 2.03 (1 H, dd, J 15.0 and 5.0), 1.75 (2 H, m) and 
1.07 (3 H, t, J 7.5) (Found: M+, 412.1158. C22H2008 requires 
M, 412.1158). Compound 29 (12 mg): m.p. 174-176 "C; 
v,,,/cm-' 358C3200, 1729, 1625 and 1590; I,,,/nm 251, 
257, 286 and 484; 6 13.64 (1 H, s), 13.38 (1 H, s), 8.43 (2 H, m), 
7.91 (2 H, m), 5.42 (1 H, W, 8), 4.32 (1 H, s), 3.87 (1 H, br s), 
3.74 (3 H, s), 3.50 (1 H, br s), 2.30 (2 H, m), 1.82 (2 H, m) and 1.16 
(3 H, t, J 7.5) (Found: M+,  412.1160. C22H2008 requires M, 
41 2.1 158). Compound 31 was isolated in meagre quantity and 
only a mass spectrum was recorded, (Found: M + ,  412.1 158. 
C22H20O8 requires M, 412.1 158). 

Conversion of the Diol25 into the Boronate 33.-The boronate 
was prepared following the procedure of Hassall et al." A 
solution of the diol25 (20 mg) in toluene (20 cm3) was treated 
with phenylboronic acid (12 mg) and catalytic amount of 
camphorsulfonic acid. The reaction mixture was stirred at room 
temperature for 24 h and then washed successively with aqueous 
NaHCO, (5%, 2 x 15 cm3) and water (3 x 15 cm3). The 
organic phase was dried (MgS04), passed through a plug of 
silica gel and evaporated to give the boronate 33 as a red solid 
(23 mg), m.p. 255-257°C; vmax/cm-' 1730, 1625 and 1585; 
A,,,/nm 252 ( E  33 600), 259 (32 850), 289 (8800) and 487 (8950); 
6 13.54 (1 H, s), 13.40 (1 H, s), 8.42 (2 H, m), 7.90 (2 H, m), 
7.81 (2 H, dd, J 8.0 and lS), 7.40 (3 H, m), 5.86 (1 H, W, 6.5), 
4.17 (1 H, s), 3.53 (3 H, br s, 2.47 (1 H, dd, J 14.3 and 
4.0), 2.36 (1 H, m), 2.14 (1 H, m), 1.96 (1 H, dd, J 14.3 and 

requires M, 498.1486). 
2.3), 1.08 (3 H, t, J 7.5) (Found: Mf, 498.1490. C ~ ~ H ~ J B O ~  

Reduction of the Mixture of Ketones 23a and 23b.-To a 
solution of the tetracyclic ketones 23a and 23b (140 mg) in 
isopropyl alcohol (70 cm3) at 0 "C was added CeCl, (166 mg) 
followed by NaBH, (1 7 mg). After 8 h of stirring at 0 "C a further 
portion of NaBH, (17 mg) was added and the stirring was 
continued for a further period of 26 h. The mixture was then 
diluted with water (50 cm3), acidified with 2 mol dm-, HCl and 
stirred for 10 min. The reaction mixture was extracted with 
CH2C12 (2 x 40 cm3) and the organic extract was dried 
(MgSO,) and evaporated to give a red solid. The red solid thus 
obtained was dissolved in trifluoroacetic acid (TFA) (15 cm3), 
water (1 cm') was added and the solution was stirred at room 
temperature for 2 h. The solvent was removed, the residue was 
dissolved in CH2C12 (50 cm3), washed with water (3 x 50 cm3), 
brine (1 x 50 cm3), dried (MgS0,) and evaporated to give a red 
solid. The products were isolated by preparative TLC on silica 
gel eluting with CH,Cl,-AcOEt (9: 1). Compounds 26 and 30 (48 
mg): m.p. 214-216 "C; v,,,/cm-' 3430, 1725, 1620 and 1590; 
A,,,/nm 246 ( E  52 OOO), 278 (14 100) and 470 (10 OOO); 6 (26): 
13.55 (1 H, s), 13.45 (1 H, s), 8.44 (2 H, m), 7.92 (2 H, m), 5.43 (1 
H, br s, W, 10.0), 5.04 (1 H, s), 4.60 (1 H, s), 3.76 (3 H, s), 3.60 
(1 H, br s), 2.46 (3 H, s), 2.43 (1 H, dd, J 15.0 and 3.0) and 2.08 (1 
H, dd, J 15.0 and 4.5); 6 (30): 13.68 (1 H, s), 13.45 (1 H, s), 8.44 (2 
H, m), 7.92 (2 H, m), 5.23 (1 H, W, ll.O), 4.88 (1 H, s), 
4.53 (1 H, s), 3.77 (3 H, s), 3.52 (1 H, br s), 2.44 (3 H, s), 2.38 (1 H, 
dd, J 15.0 and 6.0) and 2.02 (1 H, dd, J 15.0 and 4.0) (Found: C, 
61.6; H, 4.1. M+,  426.0952. C22H1809 requires C, 62.0; H, 4.2%. 
M, 426.0951). Compound 28 (18 mg): m.p. 221-223 "C; v,,,/crn-' 
3385,1725,1620 and 1590 A,,,/nm 245 ( E  47 100), 277 (12 800) 
and 466 (6000); d(C,D,N) 13.74 (2 H, br s), 8.36 (2 H, m), 7.80 (2 
H, m), 5.56 (1 H, W, 9.0), 5.22 (1 H, s), 3.70 (3 H, s), 2.84 
(2 H, m) and 2.62 (3 H, s) (Found: C, 61.7; H,4.2. M +  426.0956. 
C22H,s09  requires C, 62.0; H, 4.2%; M, 426.0951). Compound 
32 (8 mg): m.p. 235-237 "C; v,,,/cm-' 3433,1720,1628 and 1580 
A,,,/nm 246 ( E  48 loo), 280 (13 200) and 470 (9250); G(C,D,N) 
13.64 (2 H, br s), 8.20 (2 H, m), 7.60 (2 H, m), 5.62 (1 H, W ,  

7.5 Hz), 5.36 (1 H, s), 3.67 (3 H, s), 3.00 (1 H, dd, J 15.0 and 4.0), 
2.92 (1 H, d, J 15.0) and 2.62 (3 H, s) (Found: M+,  426.0946. 
C22H1809 requires M, 426.0951). 

Preparation of the Boronates 34 and 36.-The boronates were 
prepared following the procedure described for 33 and an 
inseparable mixture of boronates 34 and 36 was obtained as a 
red solid (92%), m.p. 252-254 "C; vmax/cm-l 3300, 1744, 1730, 
1626 and 1588; v,,,/nm 248 ( E  53400), 258 (42750), 280 
(16 200), 475 (1 1 750) and 486 (1 1 800); 6 (34): 1350 (1 H, s), 
13.27 (1 H, s), 8.40 (2 H, m), 7.88 (2 H, m), 7.82 (2 H, d, J8.0) ,  
7.44 (1 H, d, J8.0) ,  7.36 (2 H, t, J8.0),  5.88 (1 H, W, 6.0), 4.86 (1 
H, s), 3.66 (3 H, br s), 2.53 (3 H, s), 2.36 (1 H, dd, J 15.0 and 3.5) 
and 2.20 (1 H, dd, J 15.0 and 2.0); 6 (36): 13.64 (1 H, s), 13.50 (1 
H, s), 8.40 (2 H, m), 7.88 (2 H, m), 7.82 (2 H, d, J8.0),  7.44 (1 H, d, 
J8.0),7.36(2H,t,J8.0),5.74(1H, W,7.0),4.79(1H,s),3.66(3 
H, br s), 2.52 (3 H, s), 2.34 (1 H, dd, J 15.0 and 4.0) and 2.15 (1 H, 
dd, J 15.0 and 2.5) (Found: M+,  512.1285. C28H21B09 requires 
M, 512.1278). 
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