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In our previous researches we have shown, that 1-aminoisoindole, which exists predominantly in

isoindoline tautomeric form, can undergo [4+2]-cycloaddition reactions with maleimides according

to the Curtin-Hammet principle. We continued to study this reaction, but with another dienophile —

1,4-naphtoquinone. In this case, the reaction does not stop when the bis-Michael adduct is obtained,

but continues with the formation of a more complex compound, the structure of which we have

studied by two-dimensional NMR spectroscopic methods.

Introduction

One of the most characteristic reactions
of simple isoindoles is the Diels-Alder reaction
[1, 2]. Our scientific group has shown that the
[4+2]-cycloaddition reactions is also
characteristic for condensed isoindoles, which
can form three new types of rearrangement
adducts during the reaction [3-5].

It was previously considered that only
isoindoles that exist in isoindole tautomeric form
could be introduced into the Diels-Alder
reaction, and isoindoles that exist in isoindoline
tautomeric form and do not contain an
o-quinoid structure should not undergo the
in [6]

illustrated the effect of the Curtin-Hammet

[4+2]-cycloaddition. But we have

principle on the reactivity of unsubstituted

27

its -

l-aminoisoindole  and analogue
1-ethoxyisoindoline [7]. In the reactions with
I-aminoinosoindole and maleimide derivatives
bis-Michael adducts are obtained, which can
rearranged to the second type adduct under
certain conditions [8, 9]. In the case of
1-ethoxyisoindole, depending on the substituent
at the nitrogen atom of isoindole fragment, in the
reactions with maleimide derivatives, mono-,
bis-Michael adducts or there mixture can be
obtained [7]. In the case of 2-substituted-1-
aminoisoindoles bis-Michael adducts or second
type adducts are formed depending on conditions
and substituents at isoindole and maleimide
fragments [10, 11].

We have studied [4+2]-cycloaddition

reactions not only with maleimide derivatives,
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but also with 1,4-naphthoquinone. In the

reaction of  pyrido[2,1-a]isoindole with
1,4-naphtoquinone the rearranged adduct of the
first type is obtained [12]. In the case of
isoindolo[2,1-a]quinazoline-5-one — the main
product of the reaction is rearranged adduct of
the third type [13]. The purpose of this work was
to determine whether 1-aminoisoindole, which is

predominantly exists in isoindoline tautomeric

NH, HBr @
N\ NEt;
N o+ —
MeOH
1 0 2

form, can undergo cycloaddition reactions with

other dienophiles, for example,

1,4-naphthoquinone.

Results and discussion
The reaction of 1-aminoisoindole and
1,4-naphthoquinone (Scheme 1) was carried out

under the same conditions as used in the reaction

between 1-aminoisoindole and maleimides [6].

Scheme 1. Reaction of 1-aminoinosoindole 1 with 1,4-naphthoquinone 2.

We were expecting to get the same bis-
Michael adduct as for maleimides, but 'H NMR
and mass spectra don’t correspond the expected
Bis-Michael

compound. adducts of

l-aminoisoindole ~ with  maleimides  are
characterized by the presence of two ABX
systems in '"H NMR spectra in range 0.70 — 5.00
ppm. Obtained product has only aromatic protons
(3 ortho substituted benzene rings, where 2 of
them are identical) and 4 NH protons, which may
correspond to amidine cation group. The mass of
the compound is four units less than for the
expected compound according to the mass

spectrum data.
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Therefore, we have taken a number of
two-dimensional NMR spectra, such as COSY,
NOESY, HMBC, HMQC, INADEQUATE in
order to determine the structure of the compound
obtained.

Based on the data obtained from
spectroscopic studies, the basic fragments of the
structure of the resulting product became clear
and a structure of compound 3 was proposed. We
assigned the signals for the compound obtained
(Table 1 and Figure 1). The arrows on Figure 1

show the main correlations of the HMBC.
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Table 1. Coordinates of cross-peaks in HMQC and
HMBC spectra of compound 3.

According to the IR spectrum, there is a

strong absorption of carbonyl of

groups

S'H, ppm | § ®C HMQC, ppm | &13C HMBC, ppm . .
PP QG pp PP naphthoquinone fragments at 1640 cm’!, this
7.33(d, 1H) 1319 127.1; 130.2; 130.1 e .
7,50 (t, 1H) 1271 131.9: 132.0: 130.1 correlates well with literary data of similar
7.57 (t, 1H) 132.0 139.2: 128.3 fragments [14]. Also, the absorption of amino
7.59 (d, 1H) 128.3 167.6;132.0; 139.2 | groups at 3424 and 3308 cm™! is observed, they
7.63 (t, 2H) 132.5 1354;125.9;126.9 | ¢an be attributed to asymmetric and symmetric
7.70 (t, 2H 133.2 137.2;125.9; 126.9 1 ‘g
. 2H) oscillations of the amidine fragment.
7.83 (d, 2H) 125.9 182.2;137.2;133.2
8.07 (d, 2H) 126.9 178.7;135.4; 132.5
8.36 (s, 2H) ; ;
8.60 (s, 2H) ; ;
8.6
MH,
7.59H \
7.57 H / Lhe
132.0 139.2
1301
7.63
125.9
127 1
o e
\{ //’ 130.2
733 H 125.9
0 \\
/’ s P &
182.2
135.4
8071 1269 T
TIyar2
132.5 ) 125.9
-5 "’
71
A 133.2 7.83
763 H

Figure 1. NMR correlations

The combination of all these data allows

us to identify the structure of compound obtained
29

observed for compound 3.

3. As for the reaction mechanism, the stage of

obtaining the bis-Michael adduct is not the last in
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this case, but continues with the breakdown of
the C—N bond of the isoindole fragment and
oxidation of 1,4-hydroxynaphthalene fragments
to 1,4-naphthoquinone fragments with the
formation of the C—C bond between them and

obtaining of cyclopentadienyl anion.

Experimental part

Melting point was measured on Mettler-
Toledo MP50 Melting Point System. NMR
experiments were performed on a Bruker Avance
500 spectrometer operating at 500.13 MHz
equipped with a 5 mm cryoprobe at 298K. The
IR-spectra were recorded on Specord M82. The
chromatomass-spectra were recorded on Agilent
1100 Series with selective detector Agilent

LC/MSD SL.

1-aminoisoindole hydrobromide 1 was
synthesized following a procedure described
[15]

and

in the literature using

2-(bromomethyl)benzonitrile saturated

solution of ammonia in methanol.

Product of reaction of 1-aminoisoindole

and 1,4-naphthoquinone 3.

Dissolve 2 mmol of 1-aminoisoindole

hydrobromide and 4.2 mmol of
1,4-naphthoquinone in 5 ml of absolute methanol
at 55 °C. Add 1 ml of triethylamine and close the
flask thoroughly. After 24 hours the precipitate is

filtered off and washed with methanol.

30

Red crystal solid (Yield 43%). Melting
point > 300 °C. IR (KBr): v 3424, 3132, 3068,
2948, 1640, 1584, 1424, 1296, 1252, 1052, 1012,
736, 704 cm™. '"H NMR (DMSO-d%) &: 7.33 (d,
1H), 7.50-7.59 (m, 3H), 7.63 (t, 2H), 7.70 (t, 2H),
7.83 (d, 2H), 8.07 (d, 2H), 8.36 (br s, NH), 8.6
(br s, NH,). *C NMR (DMSO-d%) &: 128.9,
126.9, 127.1, 128.3, 128.7, 130.1, 130.2, 131.9,
132.0, 132.5, 133.2, 135.4, 137.2, 139.2, 167.6,
178.7, 182.2. MS: m/z = 445.0 (MH").

Conclusions
In this work, we have shown that

I-aminoisoindole can undergo [4+2]-

cycloaddition reactions not only with
maleimides, but also with 1,4-naphthoquinone.
But in this case, the reaction does not stop at the
formation of the adduct, but proceeds further
with the formation of the complex zwitterionic
compound with a cyclopentadienyl anion
fragment and amidine cation. The structure was
proved by a set of spectral methods ("H NMR,
3C NMR, IR), including mass spectrometry and
two-dimensional NMR spectroscopic methods
(COSY, NOESY, HMBC, HMQC,

INADEQUATE).
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