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Abstract: The regioselective synthesis of the 3,4,5-trimethoxy-2-(3,4-methylenedioxy-6-nitrophenyl)benzaldehyde as key 

intermediate for divergent preparation of cytotoxic biaryl lignans was achieved in three steps from commercially available 

starting materials. Reactivity of this synthon was illustrated by its conversion into the corresponding phenanthridine and 

bromomethylbenzene. 
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INTRODUCTION 

Biphenyl molecules containing both methylenedioxy-

phenyl and trimethoxyphenyl moieties are common features 

of anti-proliferative naturally occurring biaryl lignans such 

as steganacin (1), steganone (2) and eupomatilone-6 (3) (Fig. 

1) [1]. The preparation of non-bridged molecules 4 display-

ing this biaryl pharmacophore was recently investigated for 

the development of potential antitumor agents (Fig. 1) [2]. 

Several new biaryl derivatives bearing those moieties exhib-

ited strong cytotoxicity against multidrug resistant cancer 

cell lines in vitro. Preliminary SAR were established in this 

series and revealed that the highest cytotoxic effect was ob-

tained when two bulky substituents are present on the 2,2’-

positions. It was assumed that hindered groups induce a  
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significant biphenyl tilt angle potentially important for the 

cytotoxic activity [2a]. 

As a part of a program directed toward the development 

of new antitumor drugs, and taking into consideration the 

above points, we became interested in the preparation of a 

useful synthon for the preparation of novel derivatives based 

on this essential biphenyl scaffold.
 
In order to generate a 

great variety of molecules from this synthon, a nitro and an 

aldehyde groups were chosen as complementary substituents 

on the 2,2’-positions since these two functions allow a wide 

range of chemical reactions leading to molecular diversity. 

This prompted us to synthesize the 3,4,5-trimethoxy-2-(3,4-

methylenedioxy-6-nitrophenyl)benzaldehyde (5) as key in-

termediate for divergent preparation of potentially cytotoxic 

biaryls. 

Biaryl compounds are widely used by organic chemists, 

and strategies for biphenyl axis generation have essentially 

focused on palladium mediated Suzuki-Miyaura or Stille 

type cross couplings of two aryl precursors [3]. In this con-

text, LaVoie et al. [4] first reported a Stille cross coupling 

reaction between an o-nitrophenylstannane 6 and a 2-
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Fig. (1). Cytotoxic natural lignans and synthetic biphenyls. 
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bromobenzaldehyde 7 for the preparation of 2-(2-

nitrophenyl)benzaldehydes 8 as synthetic precursors of phe-

nantridines 9 (Scheme 1). Although Suzuki [5] and Ullman 

[6] cross coupling reactions have been used to generate these 

nitrophenylbenzaldehydes, the Stille reaction remains the 

method of choice because of the satisfactory yields obtained 

starting from several o-nitrophenylstannanes readily avail-

able from o-bromonitrobenzenes bearing various electron-

donating and/or electron-withdrawing substituents [7]. 

RESULTS AND DISCUSSION 

It was therefore legitimate to apply this method to the 

preparation of the target carbaldehyde 5. The tributyl-(4,5-

methylenedioxy-2-nitrophenyl)stannane (12) [8]
 

was pre-

pared using a two-step procedure and in 78% overall yield 

from commercially available 3,4-methylenedioxybromo-

benzene (10) as depicted in scheme 2: nitration of 10 by 

nitric acid afforded the corresponding 2-nitrobromobenzene 

11 [9], subsequent palladium-induced bromine-tin exchange 

in the presence of hexabutylditin and Pd(PPh3)4 in refluxing 

toluene [4,7d] led to the organotin derivative 12. An attempt 

to prepare the expected biphenyl 5 by reacting 12 and the 2-

bromo-3,4,5-trimethoxybenzaldehyde (14) (previously syn-

thesized by bromination of the 3,4,5-trimethoxybenzalde-

hyde (13) by NBS
 
[10]) in a Stille cross coupling process has 

been carried out. Conventional procedure (CuCN/Pd(PPh3)4/ 

THF, 65°C) was unsuccessful, while promoting the equili-

brium displacement of the catalytic cycle by adding CsF 

(CuI/CsF/Pd(PPh3)4/DMF, 45°C) [11] or CsF with an 

electron-rich phosphine ligand suited for ortho-substituted 

biaryl coupling (CuI/CsF/PdCl2/P(t-Bu)3/DMF, 45°C)
 
[12] 

failed too. 

A1ternatively, the 2-tributylstannyl-3,4,5-trimethoxy-

benzaldehyde (15) [13], prepared from bromobenzaldehyde 

14 by bromine-tin exchange, was reacted with 4,5-

methylenedioxy-2-nitrobromobenzene (11) under Stille cross 

coupling conditions. Unfortunately, no reaction occurred 

between these two entities even in the presence of PdCl2 and 

P(t-Bu)3. Thus, a methoxy substituent at the 3-position of the 

2-bromobenzaldehyde or of the 2-stannylbenzaldehyde has a 

dramatic effect on these two Stille coupling reactions.
 

To circumvent this hurdle, we elaborated an original 

pathway in which the biaryl bond would be formed before 

the regioselective introduction of the nitro group. Thus, the 

biphenyl 17 was synthesized according to a previously re-

ported Suzuki-Miyaura cross coupling procedure [14]. Selec-

tive nitration of 17 with a stoichiometric amount of nitric 

acid proceeded on the less sterically hindered position of the 
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Scheme 1. General synthesis of 2-(o-nitrophenyl)benzaldehydes 8 by a Stille cross-coupling reaction and conversion to phenanthridines 9. 
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Scheme 2. Synthesis of 2-(2-nitrophenyl)benzaldehyde 5.

 
Reagents and reaction conditions: (a) 70% HNO3, AcOH, 20 °C, 1 h, 92% for 11 

and 15 min, 98% for 5; (b) Bu6Sn2, Pd(PPh3)4, toluene, reflux, 15 h, 85% for 12 and 48h, 80% for 15; (c) NBS, CHCl3, reflux, 3 h, 98%; (d) 

Stille coupling; (e) 16, Pd(PPh3)4, K2CO3, DMF, 65 °C, 48 h, 81%. 
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methylenedioxyphenyl nucleus instead of the more reactive 

(but less accessible) 2-position of the trimethoxybenzalde-

hyde nucleus. The desired compound 5 [15] was exclusively 

obtained in 98% yield (Scheme 2). 

With synthon 5 in hand, we first decided to widen the 

scope of possible reactions by preparing the corresponding 

alcohol 18 and bromomethylbenzene derivative 19 [16], both 

compounds being interesting intermediates for potential nu-

cleophilic substitutions. This synthesis was conducted in two 

steps with an overall yield of 85% from 5 by reduction, in 

the presence of NaBH4, to the corresponding alcohol 

followed by bromination using PBr3 (Scheme 3). 

Since the 2-(o-nitrophenyl)benzaldehydes are precursors 

for the synthesis of phenanthridines, we also attempted the 

intramolecular reductive cyclization of the carbaldehyde 5 to 

the phenanthridine 20 (Scheme 3). Hydrogenation of 5 using 

Raney nickel as a catalyst provided the 8,9,10-

trimethoxyphenanthridine 20 [17] in good yield. The synthe-

ses of 8,9,10-trimethoxyphenanthridines have been previ-

ously reported but under oxidative conditions where the key 

step is the C-C bond formation between the A and C nuclei 

[18]. 

CONCLUSION 

In summary, we have synthesized three new building 

blocks 5, 18 and 19 in order to provide an easy access to 

various biaryl derivatives. Further studies involving these 

structures and their pharmacological activities are underway. 

The synthetic potential of the carbaldehyde 5 was also ex-

emplified with the preparation of the phenanthridine 20. 
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