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The kinamycins constitute a class of polyketide-
derived1 antitumor antibiotics first isolated from Strep-
tomyces murayamaensis,2 in which the already consid-
erable biosynthetic and synthetic interest has been
accelerated by their recent structural revision from
N-cyanamides of benzo[b]carbazole to 5-diazobenzo[b]-
fluorenes 1.3,4 Extensive biosynthetic studies by Gould
and co-workers have placed a number of diverse con-
densed aromatics and heteroaromatics along the biosyn-
thetic grid to the kinamycins, including the benz[a]-
anthraquinone dehydrorabelomycin,5a WS-5995A (from
S. auranticolor),5b the phenanthroviridins 26 and 3,6,7 the
benzo[b]fluorenone, kinobscurinone (4a)8 and the corre-
sponding aminobenzo[b]fluorene, stealthin C,9 and pre-
kinamycin (4b).10 Structural uniqueness (2, 3) and
challenging biosynthetic questions8,9 have fueled syn-
thetic studies and have led to the synthesis of 3,11 4b,12
and the benzofluorenone 511 by Gould, Echavarren, and
Hauser, respectively. We report short and efficient syn-
theses of phenanthroviridin aglycon (3) and kinobscurino-
ne (4a) which demonstrate the evolving utility of strat-
egies which link directed ortho-13 and remote-metalation14a
with transition metal catalyzed cross-coupling reac-
tions.14 Since 5 has been previously converted into 4a,8
prekinamycin 4b,9,10,12 and stealthin C,9 this work also
constitutes total synthesis of these natural products.
The synthesis of phenanthroviridin aglycon (3), the

first naturally-occurring benzo[b]phenanthridine, was
initiated by the preparation of the oxaborole 715 from the
readily available benzyl alcohol 616 using a directed ortho-
metalation-trimethylborate quench protocol (Scheme 1).

Suzuki-Miyaura cross-coupling17 of 7 with the versatile
bromojuglone 818 under anhydrous conditions19 furnished
the biaryl 9 in good yield. Simple dissolution of 9 in aque-
ous ammonia20 led directly to the hydroquinone 10 in
modest yield which, upon treatment with MnO2, was con-
verted into 11 by an oxidative cyclization which appears
to be unprecedented. Deprotection with BBr3 concluded
the synthesis of the phenanthroviridin aglycon 3 in five
steps from 7 and 15% overall yield which compares
favorably with the previous route achieved by Gould.10,21
The construction of the benzofluorenone 5 was formu-

lated on the basis of a key remote-metalation-carbamoyl
migration reaction (Scheme 2, 12, step 2) which, perforce,
necessitates prior silicon protection14b(step 1).
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Towards testing this approach, the AB/D ring system
15 (Scheme 3) was prepared in high yield by cross-
coupling of bromonaphthalene 1315 with the 2-carbam-
oyloxy phenylboronic acid 14.22 Protection of the most
reactive metalation site and avoidance of the anionic
ortho-Fries rearrangement14b in 15 was accomplished by
low temperature metalation-silylation and afforded 16
in quantitative yield. The critical O f C ring-to-ring
carbamoyl transfer was achieved with excess LDA to give
17a in 62% yield accompanied by 18, a minor product
arising from R-silyl methyl deprotonation-carbamoyl
migration.23,24 Phenol 17a was methylated to give bi-
arylamide25,29 17b which, under the optimized conditions
shown, underwent a second remote-metalation-cycli-

zation14a to furnish fluorenone 19 in 78% yield based on
recovered starting material. The synthesis was con-
cluded by treatment of 19 with TFA at reflux to afford
benzofluorenone 5 (quantitative yield) which was shown
to be identical with authentic material by spectral
comparison.12
In conclusion, phenanthroviridin aglycone 3 (five steps,

15% overall yield based on 7) and benzofluorenone 5 (five
steps, 43% overall yield based on 13) have been prepared
which provide access to key and diverse kinamycin
antibiotic intermediates for biosynthetic studies and
demonstrate the continuing advantages of combined
directed metalation-cross-coupling regimens in natural
product synthesis.28
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