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Functionalized 6(5H)-phenanthridinones (dibenzo[b,d]pyrid-6-ones) were prepared by [3+3]-cyclocon-
densation of 1-trimethylsilyloxy-1,3-butadienes with nitro-substituted 1-aryl-1-silyloxy-1-en-3-ones
and subsequent reductive lactamization.

� 2008 Elsevier Ltd. All rights reserved.
6(5H)-Phenanthridinones (dibenzo[b,d]pyrid-6-ones) are phar-
macologically important molecules which occur in a variety of nat-
ural products. This includes, for example, sanguinarinone which
shows antiparasitic activity against the dog roundworm, anticoag-
ulant activity, and antiproliferative activity against leukemia HL-60
cells.1 Oxotoddaline has been reported to possess anti-proliferative
activity against P-388 and human colon carcinoma HT-29 cells.2 A
number of other pharmacologically active natural products, for
example, cytotoxic oxynitidine,3 have been reported.4,5 6(5H)-Phe-
nanthridinones have been prepared by reductive cyclization of 2-
nitro-20-alkoxycarbonyl-biphenyls under various conditions
(including Fe/AcOH, Fe/THF, Zn/HOAc, Raney-Ni, and H2-Pd/C).6

The corresponding biaryls have been prepared by Ullmann-type
reactions and by nucleophilic aromatic substitutions.7 An alterna-
tive approach relies on the nitration of appropriate biphenyls.8

The scope of these reactions is limited by the harsh reaction condi-
tions and by steric effects. In fact, sterically encumbered and highly
functionalized derivatives are not readily available by this ap-
proach. In addition, the synthesis of the starting materials, highly
functionalized arenes, is often not an easy task. These problems
can be circumvented by application of a ‘building block approach’.
To the best of our knowledge, only a single application of this strat-
egy has been reported to date. Ashburn and coworkers reported
the synthesis of 2-nitro-20-alkoxycarbonyl-biphenyls based on
[4+2]-cycloadditions.9

Chan and coworkers were the first to report a convenient
synthesis of functionalized phenols by TiCl4-mediated [3+3]-
cyclization10 of 1,3-bis(trimethylsilyloxy)-1,3-butadienes11 with
3-silyloxy-2-en-1-ones. In recent years, we studied the application
of this reaction to the synthesis of various functionalized arenes.
Recently, we reported the synthesis of dibenzo[b,d]pyran-6-ones
based on a [3+3]-cyclization/lactonization strategy.12 Herein, we
ll rights reserved.
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nger).
report what is, to the best of our knowledge, the first synthesis
of 6(5H)-phenanthridinones by application of a [3+3]-cyclocon-
densation/lactamization strategy. Notably, the products are
formed with very good regioselectivity and are not readily avail-
able by other methods.

The LDA-mediated condensation of acetone (1a) and pentan-2-
one (1b) with benzoyl chlorides 2a–c afforded the nitro-substi-
tuted benzoylacetones 3a–d which were transformed into the
1-aryl-1-silyloxy-1-en-3-ones 4a–d (Scheme 1, Table 1). The
TiCl4-mediated cyclization of 4a–d with 1,3-bis(trimethylsilyl-
oxy)-1,3-butadienes 5a–f, readily available in two steps from the
corresponding b-ketoesters,13 afforded the novel nitro-substituted
biaryls 6a–n (Scheme 1, Table 2).14 All cyclizations proceeded with
very good regioselectivity. During the optimization, it proved to be
important to carry out the reactions in a highly concentrated solu-
tion. The structures of all products were established by spectro-
scopic methods. The structure of 6m was independently
confirmed by X-ray crystal structure analysis (Fig. 1).15

The regioselective formation of products 6a–n can be explained,
following a mechanism first suggested by Chan,13a by TiCl4-medi-
ated isomerization of 4 into intermediate type A, TiCl4-mediated
attack of the terminal carbon atom of 1,3-bis(silyl enol ether) 5
onto the carbon located next to substituent R1 to give intermediate
type B (conjugate addition), cyclization (intermediate type C), and
subsequent aromatization (Scheme 1).

The Pd/C-catalyzed hydrogenation of 6a–h directly afforded the
6(5H)-phenanthridinones 7a–h (Scheme 2, Table 3). The products
are formed by transformation of the nitro into an amino group
and subsequent spontaneous lactamization.16

The hydrogenation of 3-nitro-30-hydroxy-biphenyls 6j and 6k
afforded the 3-amino-30-hydroxy-biphenyls 8a and 8b (Scheme
3). Notably, 3-amino- and 3-nitro-30-hydroxy-biphenyls are of con-
siderable current interest, due to their wide range of pharmacolog-
ical properties. This includes, for example, antimalarial activity,
binding affinity to C5a receptor (human monocyte cell line
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Table 1
Synthesis of 3a–d

1 2 3 R2 R3 R4 R5 % (3)a % (4)a

a a a Me NO2 H H 54 91
b a b nPr NO2 H H 45 88
a b c Me H NO2 H 34 90
a c d Me H H NO2 43 92

a Yields of isolated products.

Figure 1. Ortep plot of 6m.
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Scheme 1. Synthesis of 6a–n. Reagents and conditions: (i) LDA (1.5 equiv), THF; (ii)
(1) NEt3 (1.6 equiv), Me3SiCl (1.8 equiv), C6H6, 20 �C, 3 d; (iii) TiCl4, CH2Cl2, �78?
20 �C, 18 h.

Table 2
Synthesis of 6a–n

4 5 6 R R1 R2 R3 R4 R5 % (6)a

a a a Me H Me NO2 H H 36
a b b Me Me Me NO2 H H 41
a c c Et Et Me NO2 H H 35
a d d Me nOct Me NO2 H H 40
b a e Me H nPr NO2 H H 48
b b f Me Me nPr NO2 H H 38
b c g Et Et nPr NO2 H H 37
b e h Me nHex nPr NO2 H H 25
c a i Me H Me H NO2 H 32
c b j Me Me Me H NO2 H 50
c c k Et Et Me H NO2 H 37
d a l Me H Me H H NO2 36
d b m Me Me Me H H NO2 46
d f n Me Et Me H H NO2 33

a Yields of isolated products.
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Scheme 2. Synthesis of 7a–h. Reagents and condition: (i) H2, Pd/C (10 mol %),
20 �C, 48 h.

Table 3
Synthesis of 7a–h

6, 7 R R1 R2 % (7)a

a Me Me H 64
b Me Me Me 52
c Et Me Et 70
d Me Me nOct 69
e Me nPr H 56
f Me nPr Me 50
g Et nPr Et 63
h Me nPr nHex 74

a Yields of isolated products.
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4468 M. A. Yawer et al. / Tetrahedron Letters 49 (2008) 4467–4469
U937), inhibition of cyclic nucleotide phosphorodiesterases (PDEs),
activity for topoisomerases I and II-mediated DNA cleavage, and
anti-hepatitis activity.17

In conclusion, we have reported a regioselective approach
to functionalized 6(5H)-phenanthridinones by application of a
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[3+3]-cyclization/lactamization strategy. The products are not
readily available by other methods.
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