REACTION OF 4-DIETHYLAMINOSALICYLALDEHYDE
WITH MALONONITRILE

I. I. Tkach, A. V. Reznichenko, and E. A. Luk’yanets

The composition of the products from the reaction of 4-diethylaminosalicylaldehyde with malononitrile depends
on the reaction conditions. A suitable method for the preparation of 2-dicyanomethylene-2H-1-benzopyrans is
proposed. The dissociative ionization under electron impact of coumarin analogs has been studied. The relation
between the polarity of the exocyclic double bond at C, of coumarin, the position of the 'H NMR signal, and
the position of the long-wavelength absorption band in the electronic spectrum is established.

Coumarin derivatives with electron—acceptor substituents at position 3 are obtained by Knoevenagel consideration of
aromatic o-hydroxycarbonyl compounds with active methylene compounds accompanied by ring closure of the beterocycle [1].
When substituted acetonitriles are used as the active methylene compounds, derivatives of iminobenzopyran are formed, the
spectroluminescent properties of which, like those of coumarin derivatives [2], are of considerable practical interest [3, 4]. For
example, when malononitrile condensed with salicylaldehydes the products were 2-imino-3-cyano-2H-1-benzopyrans, which
in most cases underwent hydrolysis to 3-cyanocoumarins under the reaction conditions [5-9]. Compounds of more complex structure
were also isolated which were formed either by reaction of the carbonyl with self-condensation products from malononitrile
(dimer, trimer) or as a result of further addition of malononitrile to the cyanocoumarin intermediate [10-13]. It is known that
malononitrile and its dimer can add to coumarins with a free position 4 (Michael addition) [12-16].

To examine the preparative possibilities of condensations of this type to give organic luminophores the reaction of 4-
diethylaminosalicylaldehyde with malononitrile has been studied. The product composition was found to depend on the reaction
conditions. In acid media the principal product is either 3-cyano-7-diethylamino-2H-1-benzopyran-2-one (I) (acetic, butyric,
or trifluoroacetic acid, or a solution of HCI in ethanol), or its hydrolysis product, 7-diethylaminocoumarin-3-carbonamide (II)
(polyphosphoric acid).

Compound I, coumarin-3-carboxylic acid (IV), and 7-diethylaminocoumarin (V) were obtained by the hydrolysis of
3-2yanocoumarin (I) in sulfuric acid. Similarly, hydrolysis of the amide II gave coumarins IV and V, depending on the conditions.
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When the reaction was carried out in acetic and butyric acids 2-dicyanomethylene-3-cyano-7-diethylaminobenzopyran
(I11) was formed along with compound I with molar ratios of aldehyde from 1:1-3, with a maximum yield of compound 1II at
a ratio of 1:2.2 [17].

When the reaction was carried out in a mixture of acetic acid and acetic anhydride the product was 2-cyano-3-(4-diethylamino-
2-acetoxyphenylacrylonitrile (V) with compounds I and III as impurities (based on TLC). Compound VI is readily converted
to coumarin I by acid hydrolysis.

The reaction of 4-diethylaminosalicylaldehyde with malononitrile under neutral and basic conditions was also studied.
When the reagents were fused in equimolar quantities (at 60-70°C), or when the reaction was carried out in neutral (benzene,
DMF, ethanol) or basic conditions (benzene or ethanol with addition of pyridine, piperidine, alkali metal alkoxides, etc.; benzene
in the presence of triethylbenzylammonium chloride and aqueous NaOH solution; DMF in the presence of ammonium or piperidinium
acetate) mixtures of the same substances were obtained: 2-imino-3-cyano-7-diethylamino-2H-1-benzopyran (VII) and products
of its further reaction with malononitrile (or products of the addition of malononitrile oligomers [ 18] with the aldehyde). However,
the ratio of the products depends on the reaction conditions when equimolar amounts of the reactants are used. For example,
the yield of the iminocoumarin VII is maximal (48 %) in strongly basic conditions (benzene in the presence of triethylbenzylammonium
chloride and aqueous NaOH solution, ethanolic potassium ferr-butoxide).

Under these conditions a series of other compounds are formed, apart from the iminocoumarin VII, with interesting
spectroluminescent properties. The only compound isolated was VIII, as a result of its poor solubility in organic solvents. Compound
VIII and the remaining components of the mixture may be products of further reactions of the iminocoumarin VII, as shown
by TLC comparison of products from the reactions of 4-diethylaminosalicylaldehyde and the iminocoumarin VII with malononitrile
under identical conditions (in the molten state, or in ethanol with basic reagents listed above).

VII VIII, IX

VI R=H; IX R=Et

Only 3-cyanocoumarin I (42% yield) was isolated when the reaction was carried out in aqueous ethanol in the presence
of diethylamine with subsequent addition of hydrochloric acid to the reaction mixture.

Compound VIII was also obtained from the reaction of various 3-R-7-diethylaminocoumarins (R = cyano, carboxy,
acetyl, benzimidazoyl, amino) with malononitrile in DMF in the presence of 15% aqueous KOH solution.
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TABLE 3. Mass Spectra of Compounds VI and VIII-XI

Com- Chavacteristic peaks of the ions
pound (relative intensity, %)

\Z! [M]" 283 (31), [M ~ CH3]" 268 (16), (M - CH2CO1™ 241 (38),+
[M - CHs - CH2COJ ™ 226 (100), {M - CH3 - CH2CO - C2Ha4] " 198 (28)

VI M}~ 371 (59), M - CHsl B 35+6 (100), [M - CH3 ~CoHa]+ 328 (35),
[M - CHz - CoHs ~ HN=CH2 ]~ 299 (9)

1X M] " 483 (52), [M - CH3] " 468 (6), [M - CaH4] ™ 455 (100),
[M - CaH4 - CHa) © 441 (58)

X [M]* 269 (28), [M - CHs] " 254 (100), [M - CHs - CoHal © 226 (10),
{M - CHs - C2Hy - CoHal © 198 (20)

Xi (M] " 255 (50), [M - CH3] " 240 (100), [M - CH3 - C:Hil " 212 (13)

When compound VIII was heated in triethyl phosphate in the presence of potassium carbonate compound IX, which
has excellent solubility in organic solvent, was formed. Molecular formulas were established from mass spectrometric data (VIII,
M™* 371; IX, M+ 483) and elemental analysis: VIII is C5oH;7N;O while IX is CgH33N;0. Compound IX was identified as
1,4-dicyano-2,5,9-tris(diethylamino)-3,6-diazabenzo[h,a']xanthene with the helpof 'H, 13C, and 15N NMR spectroscopy (Bruker
AM-360, working frequency 360 Hz for protons) on the basis of 'H, 13C, and 15N chemical shifts, Jy g, J¢ i (proton-coupled
13C NMR spectra), and Jc,c coupling constants (ID—INADEQUATE), tracking the sequence of carbon—carbon bonds
(2D—INADEQUATE), and calculation of the *C chemical shifts by an additive scheme. *

Consequently, compound VIIL is 1,4-dicyano-2,5-diamino-9-diethylamino-3,6-diazabenzo[h,a']xanthene. One possible
route for its formation is given above.

We have also studied some reactions of the iminocoumarin VII. For example, alkylation with diethy! sulfate, dimethyl
sulfate, and methyl iodide in the presence of aqueous NaOH gave 2-cyano-3-(4-diethylamino-2-atkoxyphenylacrylonitrile (X,
XI) as a result of opening of the lactone ring. Alkylation with dimethyl sulfate in dioxane in the presence of aqueous sodium
carbonate gave 2-N-methylimino-3-cyano-7-diethylamino-2H-1-benzopyran (XII) with retention of that ring.

CH\*C CN N
/@ (CN)2 - NaOH  ( NayCOy /@:I
Et;N OR EtN o} N’Me

X, XI X1I

X R=Et; XI R=Me

In contrast to the result in neutral or basic media, reaction of the iminocoumarin VII with malononitrile in acetic acid
gave the dicyanomethylene derivative III in approximately the same yield as in the reaction of 4-diethylaminosalicylaldehyde
with malononitrile, plus other products.

Unlike the iminocoumarin VII, coumarin I does not react with malononitrile to give a dicyanomethylene derivative either
in acid conditions or even in the presence of a dehydrating agent (POCL), whereas 4-methyl-7-diethylaminocoumarin (XIII)
with malononitrile in POCl; formed 2-dicyanomethylene-7-diethylamino-2H-1-benzopyran (XIV) in 8% yield. Compound XIV
can also be obtained, butin 66% yield, by condensation of 2-thio-4-methyl-7-diethylamino-2H-1-benzopyran (XV) with malononitrile
in strongly basic conditions.

Me Me Me
I A CH,(CN), I = CH,(CN), | =
07 Yo 07 TC(CN), o =5
X111 X XV

We have studied some physicochemical properties of the compounds prepared.

*A. V. Buevich, N. D. Sergeeva, and N. M. Sergeev recorded and interpreted the NMR spectra.
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Analysis of the mass spectra of the analogous coumarins III, VII, XII, XIV, and XV (Table 1) shows that the basic
dissociative ionization of these compounds under electron impact is decomposition at the 7-diethylamino group (@, = &), which
is characteristic for 7-dialkylaminocoumarins [19, 20].

However, in the case of the N-methyliminocoumarin XII, the concurrentprocess of pyrone ring destruction with formation
of fragments 5 and ®¢ has a considerable influence, and this is even stronger with the thiocoumarin XV (fragments ,-%).

Fragmentation of the substituent in position 2 was also observed for the N-methyliminocoumarin XII: the fragments
[M—CH,] " 241 (20.4%) and [M—CH,—CH3]* 226 (4.5%) were observed. Loss of the cyano group at position 3 was not
observed for the coumarin derivatives III, VII, and XII.

Fragmentation of the diazabenzoxanthene VIII (Table 2) occurs analogously at the diethylamino group, whereas loss
of the CH; group from compound IX occurs to a smaller extent and is based on the fragments [M—C,H,]* and [M—C,H,—CH,| .
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Fragmentation of the benzene derivatives VI, X, and X1 occurs at both the diethylamino group and the substituent in
position 2 (see Table 2).

Analysis of the 'H NMR spectra of compounds I, IIT, VII, and XII-XIV shows that the proton signals for these compounds
are in regions typical for coumarins [21] and the chemical shifts of protons Hs, Hg, and Hy in the series of analogs XI1— VII--1—III
and XIII—XV—XIV increase in parallel with the increase in polarity of the exocyclic double bond at C, of the pyran system
(Table 3). Protons Hg in compounds XIV and XV are exceptions. The proton signals for the ethyl radicals of the 7-diethylamino
group also undergo weak field shifts with increased polarity of the exocyclic double bond in the same series, which indicates
anincrease in charge transfer from the 7-diethylamino group into the ring. The long-wavelength absorption bands in the electronic
spectra of the same compounds also shift bathochromically in parallel with this increase in charge transfer (Table 4). For example,
replacement of the carbonyl oxygen of the lactone group by the dicyanomethylene fragment caused a bathochromic shift of the
long-wavelength maximum by about 100 nm. This is evidently connected with a considerable charge transfer from the amino
group to the dicyanomethylene unit in the ground state. The small Stokes shift and the low quantum yield for luminescence
observed for compounds III and XIV may be explained in the same way. The decrease in quantum yield on going from compound
XIII to its thio-analog XV is evidently explained by the "heavy atom effect,” the increase in the spin-orbital coupling constant,
and the consequent increase in the probability of intercombination conversion.

EXPERIMENTAL

Absorption spectra were recorded with a Specord UV-VIS spectrophotometer. Fluorescence spectra were recorded with
an SLM 4800S phase spectrofluorimeter. IR spectra of KBr disks were obtained with a Zeiss UR-20 spectrometer. Mass spectra
were measured with an MX-1320 apparatus with an ionizing voltage of 50 eV. !H NMR spectra were recorded with a Bruker
WP-80 at 80 MHz and with TMS as internal standard. Silufol UV-25 strips were used for TLC.

The purity of compounds was monitored by TLC. Elemental analyses found for C, H, N, and S corresponded to the
calculated values. Physical constants for the compounds are cited in Tables 1-4.
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3-Cyano-7-diethylaminocoumarin (I). A. Dry hydrogen chloride was bubbled through a solution of 4-diethylaminosalicylalde-
hyde (5.79 g, 30 mmoles) in ethanol (70 ml). Malononitrile (3.96 g, 60 mmoles) was added and the mixture was boiled 1 h
in a stream of HCl. Water (910 ml) was added, the mixture was cooled, and the precipitate filtered off, treated with sodium
carbonate solution, washed with water, and dried. It was recrystallized from ethanol—ethyl acetate to give compound I (4.92
g, 68%), mp 229-230°C. The literature gives mp 229°C [22] and 234-235°C [8].

B. Diethylamine (2 ml) and water (6 ml) were added to a solution of 4-diethylaminosalicylaldehyde (3.86 g, 20 mmoles)
and malononitrile (1.32 g, 20 mmoles) in ethanol (50 ml), the mixture was heated to 60°C and stirred for 5 min. Concentrated
HCI (6 ml) was added to the suspension formed and the mixture was stirred for 5 min at 60°C. The precipitate was filtered
off, washed, dried, and recrystallized to give compound 1 (2.02 g, 42%), mp 229-230°C.

C. Compound VI (2.83 g, 10 mmoles) was boiled in a mixture of ethanol (15 ml) and 15% HCI (4 ml) for 20 min;
the mixture was cooled, poured into water (35 ml), and neutralized with 15% NaOH. The precipitate was filtered off, dried,
and crystallized from ethanol—ethyl acetate to give coumarin I (2.03 g, 84%).

7-Diethylaminocoumarin-3-carboxamide (IT). A. A solution of 4-diethylaminosalicylaldehyde (3.86 g, 20 mmoles)
and malononitrile (1.32 g, 20 mmoles) in polyphosphoric acid (30 g) was stirred over a boiling water bath for 2 h. The mixture
was poured into water (150 ml) and neutralized with 10% NaOH solution. The precipitate was filtered off, dried, and recrystallized
twice from ethyl acetate to give the amide IT (2.76 g, 53%), mp 229-230°C [22].

B. CoumarinI (1.21 g, 5 mmoles) was heated in 90% H,SO, (10 ml) at 90-95°C for 20 min; the mixture was cooled,
poured into water (50 ml), and neutralized with 20% NaOH solution. The precipitate was filtered off, dried, and crystallized
from ethanol to give amide II (1.07 g, 82%).

2-Dicyanomethylene-3-cyano-7-diethylamino-2H-1-benzopyran (III). A. A solution of 4-diethylaminosalicylaldehyde
(2.90 g, 15 mmoles) and malononitrile (2.18 g, 33 moles) in acetic acid (20 ml) was boiled for 1.5 h. The acetic acid wasevaporated
in vacuum, water was added (25 ml), and the solution neutralized with sodium carbonate solution. The precipitate was filtered
off, washed with water, and dried. Reddish needles of compound I11 (0.27 g, 6.2%) and compound 1(0.98 g, 27 %) were separated
by column chromatography (silicagel 40/100, chloroform eluent) and recrystallized from ethanol—ethyl acetate.

B. A solution of the iminocoumarin VII (0.97 g, 4 mmoles) and malononitrile (0.27 g, 4 mmoles) in acetic acid (10
ml) was boiled for 1 h. The acetic acid was evaporated in vacuum, water (10 ml) added, and the solution neutralized with sodium
carbonate solution. The precipitate was filtered off, washed with water, and dried. The dicyanomethylenebenzopyran III (0.10
g, 8.6%) and the cyanocoumarin I (0.21 g, 22%) were obtained after chromatography and recrystallization

7-Diethylaminocoumarin-3-carboxylic Acid (IV). A. The coumarinI (2.0 g, 8.3 mmoles) was heated in 70% H,SO,
(15 ml) at 90-95°C for 40 min; water (30 ml) was added, and the mixture boiled for 40 min, cooled and peutralized with 20%
NaOH solution. The precipitate was filtered off and recrystallized from DMF to give the acid IV (1.31 g, 60%), mp 227-229°C
[23].

B. The amide II (1.3 g, 5 mmoles) was boiled in 20% HCI for 2 h, cooled, neutralized with 20% NaOH solution, and
recrystallized from DMF to give acid IV (0.98 g, 75%).

7-Diethylaminocoumarin (V). CoumarinI (1.0 g, 4.13 mmoles) was boiled in 35% H,S0, (45 ml) for 8 h, the mixture
was cooled, neutralized with 30% NaOH solution (T < 30°C), the precipitate filtered off, and dried to give compound V (0.84
g, 93%), mp 90-90.5°C (from heptane). The literature [19] gives mp 90°C.

Compound V was obtained from amide II and acid IV by an analogous method in yields of 90-94%.

2-Cyano-3-(4-diethylamino-2-acetoxyphenyl)acrylonitrile (VI). A solution of 4-diethylaminosalicylaldehyde (2.90
g, 15 mmoles) and malononitrile (2.18 g, 33 mmoles) in a mixture of acetic acid (16 ml) and acetic anhydride (4 ml) was boiled
for 1 h. The mixture was cooled, neutralized with 15% NaOH solution, and extracted with ethyl acetate (3 X 40 ml). The combined
extract was dried over CaCl, and partially evaporated. The product was purified by column chromatography (silicagel 40/100,
eluent benzene—ethyl acetate) and recrystallized from benzene to give yellowish compound VI (2.08 g, 49%).

2-Imino-3-cyano-7-diethylamino-2H-1-benzopyran (VII). A solution of 4-diethylaminosalicylaldehyde (4.83 g, 25
mmoles) and malononitrile (1.65 g, 25 mmoles) in absolute ethanol (35 ml) was stirred at room temperature for 20 min with
a catalytic amount of potassium fert-butoxide. The precipitate was filtered off and mixed with acetone (50 ml). The residue,
insoluble in acetone, was separated and recrystallized from DMF to give compound VIII (0.30 g, 3.2%).The acetone solution
was poured into heptane (400 ml). The precipitate was separated and reprecipitated several times from acetone—heptane mixtures,
and dried at room temperature to give the iminocoumarin VII (2.90 g, 48%).

1,4-Dicyano-2,5-diamino-9-diethylamino-3,6-diazabenzofh,a’']xanthene (VIII). A. A solution of 4-diethylaminosalicylal-
dehyde (1.93 g, 10 mmoles) and malononitrile (3.90 g, 60 mmoles) in DMF (20 ml) was boiled for 30 min in the presence
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of a catalytic amount of potassium rerr-butoxide. The mixture was cooled, the precipitate filtered off, and recrystallized from
DMF to give compound VIII (1.88 g, 51%).

B. An analogous experiment with absolute ethanol as solvent gave compound VIII (1.81 g, 49%).

C. A 15% solution of KOH was added to a solution of a 3-R-7-diethylaminocoumarin (R = cyano, carboxy, acetyl,
benzimidazoyl, amino) (5 mmoles) and malononitrile (30 mmoles) in DMF (20 ml). The mixture was boiled for 1 h, cooled,
the precipitate filtered off, and recrystallized from DMF to give compound VIII in 8-24% yield.

1,4-Dicyano-2,5,9-tris(diethylamino)-3,6-diazabenzo[h,a'Ixanthene (IX). Potassium carbonate (1.3 g) was added to
a solution of compound VIII (0.74 g, 2 mmoles) in triethyl phosphate (15 ml) and the mixture was boiled for 8 h, cooled, poured
into water (60 ml), and 15% NaOH (5 ml) added. The precipitate was filtered off and recrystallized from heptane to give compound
IX (0.42 g, 50%).

2-Cyane-3-(4-diethylamino-2-alkoxyphenylacrylonitrile (X, XI). A. To a solution of the iminocoumarin VII (0.48
g,2 mmoles)in dioxane (15 ml)was added a 20% solution of NaOH (9 ml). The solution was cooled to 12°C and diethy] sulfate
(0.92 g, 6 mmoles) was added. The mixture was stirred at room temperature for 3 h, water (100 ml) was added, and stirring
was continued for 1 h. The precipitate was filtered of, dried, and recrystallized from pentane to give compound X (0.33 g, 61%).

Compound XI was obtained in 58% yield by alkylation with dimethyl sulfate under analogous conditions.

B. A 20% solution of NaOH (9 ml) and methyl iodide (1.42 g, 10 mmoles) were added to a solution of the iminocoumarin
VII (0.72 g, 3 mmoles) in dioxane (18 ml). The mixture was stirred at 35-40°C for 2 h, poured into water (100 ml), and stirred
for 1 h. The precipitate was filtered off and recrystallized from heptane to give compound XI (0.26 g, 34%).

2-Methylimino-3-cyane-7-diethylamino-2H-1-benzopyran (XII). Dimethyl sulfate (0.76 g) and 10% sodium carbonate
solution (10 ml) were added to a solution of the iminocoumarin VII (0.48 g, 2 mmoles) in dioxane (15 ml). The mixture was
stirred for 5 h at room temperature, then poured into water (60 ml), and stirred for 1 h. The precipitate was filtered off, dried,
and recrystallized from heptane to give the methyliminocoumarin XII (0.23 g, 45%).

2-Thio-7-diethylamino-4-methyl-2H-1-benzopyran (XV). P,Ss (8.88 g, 40 mmoles) was added to a hot solution of
7-diethylamino-4-methylcoumarin (XIII) (8.09 g, 35 mmoles) in toluene (50 ml) and boiled for 3 h. The toluene solution was
decanted and the residue extracted with ethyl acetate. The solutions were combined and evaporated in vacuum. The product
was separated by chromatography (silicagel 40/100, benzene—ethyl acetate eluent) and recrystallized from heptane to give the
thiocoumarin XV (4.37 g, 51%).

2-Dicyanomethylene-7-diethylamino-4-methyl-2H-1-benzopyran (XIV). A. The coumarin XIII (4.62 g, 20 mmoles)
and malononitrile (1.98 g, 30 mmoles) were boiled in POCI; (15 ml) for 3 h. Phosphorus oxychloride was evaporated in vacuum
and the residue was dissolved in chloroform, washed with water (2 X 20 ml), and dried over CaCl,. The product was purified
by chromatography (silicagel, chloroform) and recrystallized from a benzene—heptane mixture to give compound XIV (0.45
g, 8%).

B. Malononitrile (0.26 g, 4 mmoles) and potassium fert-butoxide (0.22 g) were added to a solution of the thiocoumasin
XV (0.50 g, 2 mmoles) in dry DMSO (7 ml), the mixture was stirred at room temperature for 10 h, poured into water (35 mi),
and neutralized with acetic acid. The precipitate was filtered off, washed with water, dried and recrystallized from a benzene—heptane
mixture to give compound XIV (0.37 g, 66%).
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