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Tetracyclic fused heterocycles of the aza-pterocarpen type are attracting increasing interest due to their various
biological activities. We present a novel and straightforward synthesis of representative aza- and aza-carba-
pterocarpens. For the first time, the Grignard-induced electrophilic amination of arene C—H bonds starting
with o-nitrobiaryls was applied to this type of compound.

Introduction

Pterocarpans, tetracyclic fused heterocycles of the dihydrobenzofuro
[3,2-c]lchromene type, are an abundant subclass of isoflavonoids [1].
The most prominent representative, Medicarpin (1), is found in a wide
range of legumes (Medicago sp.) [2]. Numerous studies have reported its
biological activities, including plant protective fungicidal or antibacte-
rial properties [3,4]. The compound is also active against other mi-
crobes, including bacteria [5], and can induce apoptosis in human lung
fibroblasts and peripheral lymphocytes [6]. We reported the first
isolation and synthesis of the chromenoindole type 11a-aza-pterocarpan
(3), found in roots of Robinia pseudoacacia (black locust) [7]. This
compound exhibits moderate antineoplastic activity against HL-60 leu-
kemia cell lines. Although not yet found in nature, related aza-carba-
pterocarpens (e.g. 4) were synthesized by Angerer et al., which inhibi-
ted the growth of breast cancer tumors in rats [8]. N-Tosyl-aza-car-
bapterocarpans (e.g. 5) were prepared by Rennd, Buarque et al. to
synthesize new antineoplastic and antiparasitic drug candidates (Fig. 1)
[9]. For an overview of the biological activities and syntheses of various
pterocarpan-type compounds see Ref. [10,11].

During our initial synthesis of natural aza-pterocarpan 3 and its
dihydrochromenoindole analog 2, we found that the unsubstituted
skeleton of 2 was prepared by Buu-Hoi [12] via the traditional Fischer
indole method. Besides the low yield (15 %), this route is impractical for
synthesizing substituted derivatives, such as 2, due to the need for
specific chromanones as starting materials and the lack of regiose-
lectivity in indole ring formation.
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Although we were unsuccessful with some proposed concepts for
synthesizing condensed heterocyclic indole derivatives of type 2
[13—16], we succeeded with an Ullmann coupling-Reissert cyclization
strategy to synthesize natural aza-pterocarpan 3 via the aza-pterocarpen
precursor 2 (Scheme 1a) [7]. To overcome the poor water solubility of
medicarpin derivatives Koketsu et al. also synthesized 3 (and its HCL
salt) via a Heck aza-arylation approach (Scheme 1b) [17]. Fan et al. [18]
used an intramolecular Pd-catalyzed aryl-aryl coupling approach for less
substituted derivatives. More recently, Brown et al. synthesized 3
through a nickel-catalyzed dearomative arylboration of indoles followed
by Matteson homologation and cyclization [19]. High stereoselectivity
was observed using an N-Boc-proline-protected indole precursor
(Scheme 1c). Very recently, Bansal et al. reported a pentafluorophenol-
catalyzed regioselective annulation synthesizing 7-aryl substituted
dihydrochromeno indoles. The basic tetracyclic compound, however,
was not accessible (Scheme 1d) [20].

Results and discussion

The growing interest in the aza- and carba-pterocarpan scaffolds
prompted us to develop an alternative route. In 2014, Ess, Kiirti et al.
reported on the synthesis of a series of fused N-heterocycles via
transition-metal-free electrophilic amination of arene C—H bonds [21].
Some types failed to cyclize, and neither aza- nor aza-carba-
pterocarpans were discussed.

Electrophilic amination has become a significant research area in
organic synthesis due to the importance of nitrogen in bioactive
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Fig. 1. Chemical compounds of the pterocarpan family.

molecules, pharmaceutical agents, and organic functional materials
[22,23]. Electrophilic aminations involve an umpolung strategy and O-
benzoylhydroxylamines (RN — OBz) have received the most attention
and have been used in various aminations, particularly in transition-
metal-catalyzed reactions [24]. Transition-metal-free concepts, howev-
er, were developed as an environmentally friendly alternative [25].

In addition to electrophilic amination concepts for the hydro-
amination, aminoboration and carboamination of alkenes or alkynes
[26], the electrophilic arene C(sp?) — H amination strategy provides
potential access to heterocyclic motifs [27,28]. Umpolung of imines can
also be useful in this area [29].

Kiirti’s electrophilic amination strategy is based on a surprising
carbazole formation rather than simple biaryl formation when o-nitro-
biaryls are reacted with an excess of PhMgBr (Scheme 2) [30]. Possible
mechanistic pathways have been investigated (Scheme 3) [31,32].

Our concept for synthesizing type 2 aza-pterocarpens is based on 3-
(2-nitrophenyl)-2H-chromenes 6 as previously unknown amination
precursors. They could be obtained via benzo[b]pyran anellation by
alkylation of o-hydroxybenzyl triphenylphosphonium salts 8 with
a-halogenated carbonyl compounds 9 (Scheme 2, route a) [33]. For type
4 aza-carba-pterocarpens, 3-(2-nitrophenyl)-1,2-dihydronaphthalene
precursors 7 could be obtained via decarboxylative cross-coupling
[34—37] of alkenyl halides 10 with o-nitrobenzoic acids 11 according
to the GooBens procedure [38] (route b).

To test our concept, we started with commercially available com-
pounds 12 and 13. The original procedure (NaOMe in toluene at reflux)
for the p-nitro analog of 14 [33] yielded no more than 10 % yield.
However, the KoCO3/crown ether protocol [39] for the desired alkyl-
ation/Wittig sequence afforded the 3-(o-nitrophenyl)-2H-chromene 14
in high yield (Scheme 3). We were delighted to find that the subsequent

Grignard-induced amination using four equivalents of PhMgBr was
efficient, providing a novel access to the aza-pterocarpen basic system
15 (Scheme 3).

To synthesize the substituted natural aza-pterocarpene 2, a suitable
o-nitroacetophenone 19 was prepared using an improved three-step
sequence. First, 1-bromo-4-methoxy-2-nitrobenzene 16 underwent
Sonogashira coupling with trimethylsilyl acetylene to form compound
17 [40]. Then hydrolysis to 18 [41] and bromination of the methyl
ketone yielded 19 [42].

Bromoacetophenone 19 was then reacted with the freshly prepared
o-hydroxy phosphonium salt 20, obtained via a known three-step syn-
thesis [43,44]. The low yield of the chromene fusion reaction was
attributed to the phosphonium salt’s tendency to decompose easily.
Using alternative protecting groups did not overcome this issue. How-
ever, the subsequent electrophilic amination, as the core reaction, was
successful with a good yield (Scheme 4). Since the acetyl protecting
group was a Grignard reagent consumer, four equivalents were now
used instead of three in the original procedure (Scheme 4) [21]. After-
wards, this modification also increased the yield of the synthesis of 15
(see Scheme 3).

To synthesize representative aza-carba-pterocarpens (see Scheme 2,
route b) we first prepared tetralone derivatives 22 according to a known
procedure [45]. These compounds were then reacted with potassium
salts 23 of commercially available o-nitrobenzoic acids according to a
modified GooBen procedure [46]. Then, our improved amination pro-
tocol was efficient once more, providing novel access also to the aza-
carba-pterocarpens 7a-d (Scheme 5). Note that compounds 7 are air-
sensitive and slowly form the naphthalene derivatives 25 [47].

The high flexibility of the aza-carba-pterocarpens syntheses depicted
in Scheme 5 inspired us to develop an alternative approach for aza-
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Scheme 5. Synthesis of the aza-carba-pterocarpens 7

pterocarpens as well (compared to Schemes 3 and 4). To achieve the
substitution pattern of the representative 2, for example, we prepared
the 3-bromo-2H-chromene 29 in a four-step sequence from the known 7-
hydroxychroman-4-one (26) [48]. Decarboxylative coupling with the o-
nitrobenzoic acid K-salt 30 yielded 3-(o-nitrophenyl)-2H-chromene 32,
which could then be cyclized to the aza-pterocarpen 33 (Scheme 6).
Note that the precursor 32 for the electrophilic amination alternatively

could be obtained by Suzuki coupling of 29 with the boronic acid 31
[49].

Conclusion

The Grignard-induced electrophilic amination of arene C—H bonds,
starting with o-nitro-aryl compounds, was used for the first time to
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efficiently synthesize representative aza- and aza-carba-pterocarpens
[50]. Both chromene- and naphthalene-based routes were employed
with respect to both subtypes. Our work expands the scope of transition-
metal-free amination strategies to include pterocarpen-derived tetracy-
clic scaffolds, which are of considerable interest due to their diverse
biological activities.
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