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Novel synthesis of a-arylnaphthalenes from
diphenylacetaldehydes and 1,1-diphenylacetones
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Abstract—A two-step synthesis of 1-amino-4-arylnaphthalene-2-carbonitriles from diphenylacetaldehydes and 1,1-diphenylacetones
involves condensation of the carbonyl compounds with malonodinitrile and cyclization of the aryl-ylidenemalonodinitriles obtained
in concentrated sulfuric acid. The benzannulation reaction is accompanied with a quasi-aromatic rearrangement. Some of synthe-
sized aminonitriles reveal considerable biological activity against phytopathogenic fungi.
� 2006 Elsevier Ltd. All rights reserved.
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1-Arylnaphthalenes have attracted considerable atten-
tion due to their physical and chemical properties. As
an important class of biaryls, arylnaphthalenes consti-
tute building blocks in a variety of natural products
and biologically active compounds.1 They are also use-
ful for the synthesis of advanced materials such us con-
ducting polymers,2 chiral ligands3 and liquid crystals.4

Arylnaphthalenes also have the ability to form atropo-
isomers, especially in such cases where two naphthyl
moieties of a chiral compound are connected at their a
positions.5 By far the most efficient methods for the
preparation of arylnaphthalenes are based on various
cross-coupling reactions such as Ullmann, Stille, Suzuki
or Grignard reagents.1,6 Other approaches for the syn-
thesis of arylnaphthalenes include benzannulation reac-
tions.7 In the present letter we report an efficient
synthesis of 1-amino-4-phenyl(aryl)naphthalene-2-car-
bonitriles of the general formula 2 or 3 either from
2,2-diphenylethanals or from 1,1-diphenylpropan-2-
ones (Scheme 1).

There is a variety of aldehydes and ketones, which on
condensation with malonodinitrile, afford ylidenemalono-
dinitriles having a structure suitable for cyclization to
isomeric, aromatic aminonitriles. These varieties include
1-arylalkan-2-ones, 1,3-diarylpropan-2-ones, 2-arylalka-
nals, 2-arylcycloalkanones, 2-(1-cycloalken-1-yl)cyclo-
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alkanones, 2-cycloalkylidenecycloalkanones and other
unsaturated ketones.8 Under strongly acidic conditions,
via a series of protonation–deprotonation processes, the
dinitriles obtained from these carbonyl compounds are
transformed into six-carbon unsaturated cyclic imi-
nes.8c,f In the final stage, the imines unobtrusively tauto-
merize to the aromatic, vicinal aminonitriles. The newly
formed benzene ring possesses a two-carbon unit
derived from the malonodinitrile moiety of the starting
ylidenemalonodinitrile, and is usually annulated to
another aromatic unit such as a benzene or naphthalene.
Unhindered tautomerization of the intermediate imino-
nitrile appears to be essential for the successful outcome

mailto:sepiol@chemia.uj.edu.pl


3436 B. Kozik et al. / Tetrahedron Letters 47 (2006) 3435–3438
of the reaction. The transformation of the dinitriles 1
into aminonitriles 2 or 3 involves hybridization changes
of some carbon atoms of the assembled benzene ring.
Thus, the reported method could be of use in syntheses
of axially chiral a-arylnaphthalenes from appropriate
dinitriles having the general formula 1. Chirality
exchange from sp3 central chirality to axial chirality
has been of great interest in studies of asymmetric
reactions.9

The above mentioned criteria are met by 2,2-diphenyl-
ethanal (4a), its derivatives 4b and 4c, 1,1-diphenyl-
propan-2-one (4d) and also by the ketones 4e and 4f,
which are all precursors of 5a–f (Scheme 2 and Table
1). Surprisingly, a survey of chemical literature revealed
that with the exception of 5a, no report had been pub-
lished on the preparation of aryl-alkylidenemalonodi-
nitriles from 4b–f.10 Similarly, cyclization reactions of
alkylidenemalonodinitriles 1 to aromatic aminonitriles
of the type 2 or 3 appear to be unexplored to date.
The present studies might thus be useful for the exploi-
tation of compounds related to 1 in the syntheses of a
limited variety of carbocyclic, aromatic aminonitriles.

The reported condensation of aldehyde 4a with malono-
dinitrile had been catalyzed by potassium fluoride and
gave 5a in moderate yield, along with its isomer.10 In
a search for a better procedure for synthesizing 5a we
condensed 4a with malonodinitrile in boiling benzene
in the presence of NH4OAc/AcOH as a catalyst and
with continuous removal of water. Difficulties in isola-
tion of the dinitrile 5a from the reaction mixture
prompted us to design a more effective method. Thus,
condensation of 4a with malonodinitrile in anhydrous
ethanol with piperidine as a catalyst furnished 5a
in 78% yield.11,12a However, using the same method, di-
nitrile 5c was obtained in lower yield.12b
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Scheme 2. Reagents and conditions: (i) CH2(CN)2, piperidine, EtOH,
5 min (4a,c) or CH2(CN)2, piperidine–AcOH/NH4OAc, C6H6, 5–17 h
(4b,d–f); (ii) concd H2SO4, �15 �C!�5 �C, 1 h.

Table 1. Synthesis of dinitriles 5, and cyclization of 5 to aminonitriles 6

Compound R R1 R2 4!5 (yield, %

4a–6a H H H 78
4b–6b H CH3 H 41
4c–6c H CH3 CH3 36
4d–6d CH3 H H 27
4e–6e CH3 CH3 H 45
4f–6f CH3 CH3 CH3 45

a The structures of all compounds were in agreement with their IR and NM
b The results of elemental analysis for new compounds were in agreement w
c The IR and 1H NMR data were in agreement with the values in Ref. 22. H
Therefore, aldehyde 4b was condensed with malono-
dinitrile using the standard method (Table 1).13

Methyl-substituted aldehyde 4b was prepared by oxida-
tion of 4-methylstilbene with perbenzoic acid, followed
by rearrangement of the resulting oxirane using bis-
muth(III) perchlorate oxide hydrate (BiOClO4ÆxH2O)
as a catalyst.14 Similarly, pinacol rearrangement of
1,2-bis(4-methylphenyl)ethane-1,2-diol in glacial acetic
acid, catalyzed by sulfuric acid, gave dimethyl derivative
4c in good yield.15

To investigate the scope of the synthesis of 1-amino-4-
arylnaphthalene-2-carbonitriles 6 we required different
1,1-diarylalkan-2-ones. Ketone 4e was obtained from
phenylacetone according to the published procedure.16

Preparation of diarylpropanone 4f was based on pinacol
rearrangement15 of 1,1-diarylpropane-1,2-diol.17 Con-
densation of ketones 4d–f with malonodinitrile gave
the dinitriles 5d–f in moderate yields (Table 1).13

Cyclization of 5a and 5d in concentrated sulfuric acid
occurred in a straightforward manner to give amino-
nitriles 6a and 6d, respectively, in high yields.18 The
pathways of ring closure of ylidenemalonodinitriles
5b–c and 5e–f in concentrated sulfuric acid were more
complex in comparison with the straightforward cycliza-
tion of dinitriles 5a and 5d. Our studies were also aimed
at establishing the preference of the attack of the pro-
tonated nitrile group on the substituted or unsubstituted
benzene ring—as outlined in Scheme 1. Cyclization of
5b and 5e might occur along path ‘a’ or path ‘b’ to give
vicinal aminonitriles of the general structure 2 or 3, with
the new aromatic ring being annulated to the benzene
system ‘A’ or ‘B’ (Scheme 1).

In our earlier communications we reported that some
aryl-alkylidenemalonodinitriles undergo cyclization in
strong acids via an unusual pathway.8l,m The pathway
appears to involve the ipso electrophilic attack of the
activated nitrile group and the formation of a spiro-
benzenium- or spiroarenium cation connected to a five-
carbon carbocyclic, unsaturated ring, arising from the
ylidenemalonodinitrile moiety. The crucial rearrange-
ment of the spiroarenium cation leads to stable, vicinal
aminonitriles. In the present investigations the dinitriles
5b, 5c, 5e and 5f had the structure suitable for the elec-
trophilic ipso attack of the nitrile group at the para posi-
tion with respect to the methyl group on the phenyl
substituent. All the above mentioned dinitriles under-
went cyclization and a rearrangement. The electrophilic
) 5a, mp (�C) 5!6 (yield, %) 6a, mp (�C)

110–11110 90 116–117b

95–97b 79 172–174b

110–112b 60 182.5–183.5b

100–101b 90 169–171c

oilb 71 117–119b

oilb 77 169.5–170b

R spectra.
ith the calculated values.

owever, the mp of 6d is not given in this reference.
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attack and cyclization at the methyl substituted benzene
ring in 5b and 5e predominated (Scheme 3). NMR stud-
ies allowed for unambiguous assignment of the struc-
tures of the aminonitriles.19 The position of the methyl
group at C-6 of naphthalene 6e was established through
2D NMR experiments. The mechanism of the quasi-aro-
matic rearrangement is presented in Scheme 3.

The electrophilic ipso attack of the active nitrile function
of 5e leads to the spirobenzenium cation 5e 0. The alkyl
shift (5e00) gives 5e000, which after losing the proton tauto-
merizes to 6e. Recently published results of a similar
quasi-aromatic rearrangement seem to involve allylic-
type carbocations in the alkyl-shift stage.8l,m The
rearrangements discussed here appear to be the first
example of cyclization involving the benzylic-type carbo-
cation. The stability of this carbocation may have
contributed to the relatively high yield of 6e.

The synthetic approach presented in this letter involves
the synthesis of a-arylnaphthalenes through a one-stage
construction of the naphthalene system. This approach
might potentially be employed in the synthesis of some
chiral a-arylnaphthalenes equipped with versatile amino
and nitrile functions.

Furthermore, according to our earlier studies, 1-amino-
naphthalene-2-carbonitriles possessing short alkyl
groups at the ‘4’ position are highly active against some
phytopathogenic fungi such as Fusarium culmorum,
Alternaria brassicicola, Botrytis cinerea and others.20

In connection with these studies, we presumed that
the aminonitriles having phenyl or aryl groups at the
‘4’ position might also exhibit fungicidal activity. Preli-
minary tests of aminonitriles 6a–f revealed their diverse
biological activity against some phytopathogenic
fungi. Aminonitrile 6a showed considerable fungistatic
activity.21
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