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A general method for the synthesis of benz[a]anthraquinones is reported. The key step is a catalytic cobalt-mediated [2+2+2]-cycloaddition
of a triyne, which affords an angularly substituted tetracycle. Oxidation of this core gives the typical structure of angucyclinone antibiotics.

The angucyclines are a large class of antibiotics isolated from metic-type reactiorfdy employing polyketide condensations.
several strains ofStreptomycesThey display a broad
spectrum of biological properties including antiviral, anti-
fungal, antitumor, and enzyme inhibitor activityMost of
these antibiotics feature a unique befjahthraquinone
structure either with or without a @-glycosidic moiety.

6
Members of this class of angucyclines without a glycosidic OMe O R OH O R

moiety, the angucyclinones, have the bafefthraquinone (+)-rubiginone B, R=H 1 (-)tetrangomycin R=H 3
structure either without a hydroxy group at C-6 such-8)s ( (+)-hatomarubigin AR=OH 2 (-)-rabelomycin R=OH 4

rubiginone B 12 or with a hydroxy group at C-6 such as

(+)-hatomarubigin A2.2 Some members of this class feature  Herein we would like to present the first synthesis of the

a tertiary hydroxy group at C-3 such as)ftetrangomycin  benzp]anthraquinone structure of the angucyclinone anti-

3* and (-)-rabelomycin4.’ biotics via an intramolecular cobalt-mediated+2+2]-
Most general strategies for the construction of the an- cycloadditiorf of a triyne. The cyclization of triynes is a

gucyclinone framework are based on Die/der reaction powerful synthetic method to form several carb@arbon

of a naphthoquinone with a vinylcyclohexérm on biomi- bonds in one step and provides access to polycyclic systems
with a newly formed highly substituted benzene nucleus. We
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aReagents and conditions: (a) §BuLi/TMEDA, THF, —80
°C, 1 h, (ii) ZnCh, —80°C, 1 h, (iii) CUCN2LICl, —80°C, 1 h,
(iv) (8-bromoprop-1-ynyl)trimethylsilang, —80 °C to room temp-
erature (85%). (b) DIBAL/BuLi, THF, 25C, 18 h (68%). (c) BuLi/
1-TMS-1,7-octadiyne, THF (82%). (d) (i) NJH/BuyNHSQO,, CH.Cl,,
48 h, (i) TBDMSOTT, 2,6-lutidine, CHCI,, 25°C, 2 h (95%).

can also promote alkyne trimerizatiéftyvere not successful
in our systems. Two-step oxidation @B led then to the
angucyclinone coré5.

The amide6' was at first selectively ortho-lithiated with
Ss-BULi/TMEDA.*? |t was then transmetalated with ZnCl
and then CuCMRLIiClI and allowed to react with (3-
bromoprop-1-ynyl)trimethylsilan® to give the propynyl-
amide7.12cThis was directly reduced to benzaldehglegith
the DIBAL/BuLi complex®® After addition of lithiated
1-TMS-1,7-octadiyn¥ to this aldehyde, the triple bonds of
the resulting triyned were deprotected with NAfF'S (depro-
tection with TBAF in THF led to decomposition of the triyne
9). The hydroxy group was then transformed into its silyl
ether11 with the aid of TBDMSOT#¢

For the cyclization ofl1 we used CpCo(ethengland the
commercially available CpCo(C@)Reaction ofl1 with 5%
CpCo(etheng) succeeded under mild conditions at low
temperature. Surprisingly we observed the loss of the
TBDMSO-group with concomitant aromatization to the
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(11) Brimble, M. A.; Robinson, S. GTetrahedron1996 52, 9553~
9562.

(12) (a) Kreye, P. Ph. D Thesis, University of Goettingen (F.R.G.), 1996.
(b) Snieckus, V.Chem. Re. 199Q 90, 0, 879-933. (c) Singer, P. D,
Knochel, P.Chem. Re. 1993 93, 2117-2188.

(13) Kim, S.; Ahn, K. H.J. Org. Chem1984 49, 1717-1724.

(14) Rudisill, D. E.; Stille, J. KJ. Org. Chem1989 54, 5856-5866.

(15) Herold, P Helv. Chim. Actal986 71, 354-356.

(16) Corey, E. J.; Cho, H.; Ruecker, C.; Hua, D. Fetrahedron Lett.
1981, 36, 3455-3458.

(17) (a) Jonas, K.; Deffense, E.; HabermannAbgew. Chem., Int. Ed.
Engl. 1983 22, 716. (b) Eichberg, M. J.; Dorta, R. L.; Lamottke, K.;
Vollhardt, K. P. C.Org. Lett.200Q 16, 2479-2481. (c) Eichberg, M. J.;
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aReagents and conditions: (a) 5% CpCo(ethgrigdO, —80
°C to room temperature, 18 h, or 5% CpCo(G@luene, reflux,
hv, 4 h (66%). (b) 8 equiv of [Ag(Py)MnO,, CH,Cl,, 25°C, 18
h (63%). (c)hv, air, CHCE, 25 °C, 18 h (61%).

anthracend 3 (55% yield and 16% isolated starting material).
In the case of CpCo(C@jhe reaction had been carried out
in toluene under reflux and irradiation with a tungsten lamp
(66% vyield). Oxidation ofl3with the aid of the mild reagent
[Ag(Py);JMnQO,4 gave the anthraquinon®4 (63% yield)®

We have also been trying to oxidize with Gy@ AcOH,

but these conditions led to decomposition of the anthracene.
The introduction of the C-1 carbonyl was achieved by
photooxidation, a general method for the angucyclinones
developed by KrohA? Exposure ofl14 to visible light
(tungsten lamp) gave the typical structdi®of the angucy-
clinone antibiotics (61% vyield).

In conclusion, the angucyclinone framewodd was
synthesized from benzamidgin 8 steps and 11% vyield
overall. This method provides a new access toward the
angucyclinone antibiotics, which do not have a hydroxy
group at C-6. The stereocenter at C-3 is not involved in the
[2+2+2]-cycloaddition, therefore this methodology offers
a good strategy for the enantioselective synthesis of this class
of antibiotics.
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