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New Schiff bases were synthesized by the reaction of tetracyclic formyl derivatives of

xanthenes with aromatic amines in the presence of a vapor of acetic acid drops. The

structures of these compounds were investigated by FTIR, NMR spectroscopies and mass-

spectrometric technique. Formyl xanthenes showed absorption and emission in the range

of 424–435 nm and 524–559 nm, respectively, in solvents with different polarities. Initial

formyl xanthenes were characterized by a suficiently high Stokes shift of 100–130 nm and

a moderate fluorescence quantum yield. The prepared Schiff bases exhibit no fluorescence,

with the exception of two products with antranilic acid. These compounds show weakly

structured absorption spectra with maxima at 527 nm and 532 nm. Luminescence maxima

were found in the range of 582 and 598 nm; as a result, the prepared compounds are

characterized by low fluorescence quantum yields in the range of 0.01–0.02 in acetonitrile

solution and the Stokes shift of 55 nm and 65 nm.
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Introduction
The synthesis and characterizat ion of

-conjugated organic compounds is nowadays of great
interest due to their widespread use in various
branches of technology, for example, for molecular
conductors, liquid crystals, electronic and
optoelectronic devices [1–3].

Schiff bases are widely used both in medicine
[4] and in information technology [5]. About 500
scientific papers have been published in recent years
on this topic [6,7]. Azomethines are used as pigments
and dyes, catalysts and intermediates in organic
synthesis, in analytical chemistry and as polymer
stabilizers. There are examples of their application
for the extraction of metals and for the production
of heat-resistant chelate polymers [8] as well as
complexes with metal ions [9]. Azomethine dyes are
used as components for paints in synthetic fibers
production.

Conjugated polymer Schiff bases, that is
polymers with a spatially extended -electron system,
have unique physical properties that are inaccessible
to many other polymers. For example, these are their
thermal stability, liquid crystal properties [10], fiber-

forming ability, nonlinear optical and luminescent
properties, electrical conductivity and the ability to
chelate. In addition, polyimines synthesized from
aromatic amines and aldehydes can be used as
semiconductors.

Thus the synthesis of new azomethines and the
study of their properties is one of the most urgent
problems of modern organic synthesis.

Results and discussion
Previously, in the course of studying the

rearrangement of geminal azines under the action of
a formylating agent, we prepared 4,5-diformyl-
2,3,6,7,8,10-hexahydroacridine-8a-(1H) -carbonitrile
[11] and 2-methyl-4-oxo-1,5-diazaspiro[5.5]undec-
2-ene-3-carbaldehyde [12], in which the aldehyde
group was coupled with an electron-donor
substituent. Despite the reduced reactivity of the
aldehyde group, Schiff bases were obtained by the
reaction with various amines [13,14].

Similar transformations were studied in respect
to the rearrangement of geminal 1,3-naphthoxazines.
The interaction of the starting compounds with the
formylating agent gave rise to the formation of the
expected tetracyclic formyl derivatives of xanthenes



23

Synthesis of new Schiff bases based on formyl derivatives of xanthenes

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 5, pp. 22-26

1 a, b (Scheme). The obtained aldehydes 1a,b
possessed luminescence in the yellow-green spectral
region in organic solvents. The synthesized dyes 1 a,
b showed absorption and emission in the range of
424–435 nm and 524–559 nm, respectively, in
solvents with different polarities. So, the compounds
1 a, b were characterized by suficiently large Stokes
shift of 100–130 nm and a moderate fluorescence
quantum yield [15].

The presence of formyl groups in compounds
1 a, b allowed us to carry out a number of
modifications. In spite of the lower electrophilicity
of the formyl groups due to conjugation with the
electron-donating oxygen atom, compounds 1 a, b
readily react with aromatic amines. Schiff bases 2 a-
g were synthesized in the reaction with an equimolar
amount of aromatic amines when heated for 10–15
minutes in the presence of a vapor of acetic acid
drops.
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2: a – n=2, R1=Ph; b – n=2, R1=2–CO2H–C6H4; c – n=2,

R1=2-aminopyrimidine; d – n=2, R1=3–OH–C6H4; e – n=2,

R1=3–NO2–C6H4; f – n=2, R1=2–CH3–5–NO2–C6H3;

g – n=1, R1=2–CO2H–C6H4

In the 1H NMR spectra of the products 2 a-g,
the proton signal of the azomethine group (CH=NR)
was registered in the region of 8.86–9.6 ppm, the
carbon signal of this group was located in the region
of 155.0–170.3 ppm. The characteristic proton signal
of the amidine fragment CH–N(Me)2) corresponded
to a chemical shift of 7.88–8.58 ppm. The vibrations
of the C=N group in the IR spectrum corresponded
to the absorption band of 1634–1645 cm–1.

When extending the conjugated chain, the
capability of luminescence was retained only for the
Schiff bases 2b and 2g. Absorption and emission
spectra of the compounds 2b and 2g were recorded
in acetonitrile for 2.510–5 mol L–1 solutions. These
compounds had weakly structured absorption spectra
with maxima at 527 and 532 nm. Luminescence
maxima were found in the range of 582 and 598 nm,
so compounds 2b and 2g were characterized by a
low fluorescence quantum yield and Stokes shifts of

55 and 65 nm.
To conclude, new Schiff bases have been

synthesized based on formyl derivatives of xanthenes
in this work. The structures of these compounds have
been fully characterized by FT-IR, 1H NMR, 13C
NMR and mass spectral data. Unlike the starting
aldehydes, only Schiff bases with anthranilic acid
demonstrated noticeable fluorescence in a yellow part
of the spectra (2-{[(1E)-(12-{[(1E)-(dimethylamino)-
methylene]amino}-2,3-dihydro-1H-benzo[b]xanten-
4-yl}methylene]amino}benzoic acid and 2-{[(1E)-
(11-{[(1E)-(dimethylamino)-methylene]amino}-1,2-
dihydrobenzo[g]-cyclopenta[b ]chromen-3-
yl)methylene]amino}-benzoic acid). The prepared
derivatives of azomethine can be used as molecular
building blocks for organic synthesis.

Experimental
The 1H NMR and 13C NMR spectra were

recorded using a Bruker Avance II 400 instrument
(400.13 MHz and 100.62 MHz for 1H and 13C,
respectively) in DMSO-d6 or DMSO- d6/CF3CO2D
with Me4Si as internal standard. The FTIR spectra
were recorded in KBr pellets using a Spectrum one
(PerkinElmer) FT-IR spectrometer. The FAB spectra
were by a VG 7070 spectrometer. Desorption of the
ions from the solution of the samples in meta-
nitrobenzyl alcohol was realized with a beam of argon
atoms with energy 8 keV. Elemental analysis was
performed using a LECO CHN-900 instrument.
Excitation and emission luminescence spectra were
registered by means of a Hitachi F-7000
spectrophotometer for acetonitrile solutions placed
in a standard quartz cuvette with an optical path
length 10 mm, 90° geometry. Melting points were
determined using an Electrothermal 9100 Digital
Melting Point apparatus. The reactions and the purity
of the obtained compounds were monitored by TLC
on Merck Silicagel 60 F-254 plates with 10:1 CHCl3/
i-PrOH as eluent.

The synthesis of Schiff bases (general method)
The aldehyde 1 a, b (3.8 mmol) was dissolved

in DMF (5 mL), than 3.8 mmol of aromatic amine
and a few drops of HOAc were added. The reaction
solution was refluxed for 10 min and left off at room
temperature for 12 h. The reaction mixture was
diluted with a small amount of water and crystallized
for 1 h. The formed precipitate was collected by
filtration and purified by recrystallization from
CH3CN.

N,N-dimethyl-N-{4-[(E)-(phenylimino)methyl]-
2 , 3 - d i h yd r o - 1H-b e n z o [ b ] x an t e n - 1 2 - y l } -
imidoformamide (2a):

Red powder, yield 78%, mp 218–2200C. 1H
NMR (400 MHz, DMSO-d6), , ppm (J, Hz): 8.89
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(1Í, s, CH=N), 7.88 (1H, s, N=CHN(Me)2), 7.87–
7.85 (2Í, m, H Ar), 7.76–7.74 (1Í, m, Í Ar), 7.68
(1Í, s, Í Ar), 7.54 (1Í, s, N=CÍ–N(CH3)2), 7.42
(1Í, m, Í Ar), 7.36–7.34 (2Í, m, Í Ar), 7.15–
7.13 (3Í, m, Í Ar), 3.06 (6H, s, 2CH3), 2.59–2.55
(4H, m, 2CH2), 1.67 (2H, m, CH2). 

13C NMR (100
MHz, DMSO-d6), , ppm: 155.3 (CH=N), 155.2,
154.5, 153.4, 149.6, 142.9, 133.6, 129.4, 128.9, 127.9,
126.7, 126.3, 124.5, 124.3, 122.5, 122.0, 120.7, 112.9,
110.1, 109.6, 33.8, 24.9, 23.1, 20.6. FT-IR (KBr
pellets, , cm–1): 2926 (aliphatic C–H), 1636 (C=N).
MS (FAB), m/z (Irel, %): 408 [M+Í]+ (100).
Calculated for C27H25N3O (%): C, 79.58; H, 6.18;
N, 10.31. Found (%): C, 79.46; H, 6.29; N, 10.42.

2-{[(1E)-(12-{[(1E)-(dimethy lamino)-
methylene]amino}-2,3-dihydro-1H-benzo[b]xanten-4-
yl}methylene]amino}benzoic acid (2b):

Purple powder, yield 86%, mp 234–2350C. 1H
NMR (400 MHz, DMSO-d6), , ppm (J, Hz): 9.06
(1Í, s, CH=N), 8.24 (1Í, s, N=CÍN(Me)2), 8.02–
8.0 (4Í, m, H Ar), 7.91–7.81 (2Í, m, Í Ar), 7.52–
7.44 (3Í, m, Í Ar), 7.19–7.17 (1Í, m, Í Ar), 3.15
(6H, s, 2CH3), 2.64–2.59 (2H, m, CH2), 2.50 (2H,
m, CH2 overlapped with DMSO signals), 1.75–1.72
(2H, m, CH2). 

13C NMR (100 MHz, TFA-d), ,
ppm: 175.2 (CO2H), 171.8 (CH=N), 158.2, 152.3,
150.8, 142.6, 141.3, 139.2, 138.6, 135.9, 133.8, 133.2,
131.0, 130.4, 129.7, 126.8, 126.7, 119.3, 118.9, 116.4,
112.3, 46.9, 39.5, 27.0, 23.9, 21.2. FT–IR (KBr
pellets, , cm–1): 3420 (O–H), 2925 (aliphatic C–
H), 1670 (C=O), 1641 (C=N). MS (FAB), m/z (Irel,

%): 452 [M+H]+ (100). Calculated for C28H25N3O3

(%): C, 74.48; H, 5.58; N, 9.31. Found (%): C,
74.56; H, 5.43; N, 9.22.

N,N-dimethyl-N-{4-[(E)-(pyrimidin-2-
ylimino)methyl]-2,3-dihydro-1H-benzo[b]xanthen-12-
yl}imidoformamide (2c):

Red-green crystals, yield 80%, mp 223–2250C.
1H NMR (400 MHz, DMSO-d6), , ppm (J, Hz):
9.6 (1Í, s, CH=N), 8.72 (2H, m, H–Ar), 8.00 (1H,
s, N=CÍN(Me)2), 7.92 (1H, d, J=8.30 Hz, H Ar),
7.85 (1H, d, J=8.30 Hz, H Ar), 7.77 (1H, s, H Ar),
7.65 (1Í, s, H Ar), 7.47 (1Í, t, J=7.8 Hz, H Ar),
7.38 (1Í, t, J=7.8 Hz, H Ar), 7.19 (1Í, t, J=4.88
Hz, Í Ar), 3.09 (6H, s, 2CH3), 2.63–2.60 (4H, m,
2CH2), 1.71–1.69 (2H, m, CH2). 

13C NMR (100
MHz, DMSO-d6), , ppm: 167.4 (CH=N), 160.4,
158.7, 158.4, 154.8, 149.4, 145.6, 133.8, 129.6, 128.2,
127.0, 126.6, 124.9, 123.2, 121.7, 117.0, 112.8, 110.1,
109.9, 33.9, 24.9, 23.0, 20.6. FT–IR (KBr pellets,
, cm–1): 2925 (aliphatic C–H), 1645 (C=N). MS
(FAB), m/z (Irel, %): 410 [M+H]+ (100). Calculated
for C25H23N3O (%): C, 73.30; H, 5.66; N, 17.10.
Found (%): C, 73.16; H, 5.53; N, 17.22.

N-(4-{(E)-[(3-hydroxyphenyl)imino]methyl}-
2,3-dihydro-1H-benzo[b]xanthen-12-yl)-N,N-
dimethylimidoformamide (2d):

Red powder, yield 75%, mp 243–2440C. 1H
NMR (400 MHz, DMSO-d6), , ppm (J, Hz): 10.40
(1H, s, OH), 8.66 (1Í, s, CH=N), 8.48 (1Í, s,
N=CÍN(Me)2), 8.48 (1H, s, H Ar), 8.27 (2H, m,
H–Ar), 8.14 (1H, d, J=8.3 Hz, H Ar), 8.01 (1H, d,
J=8.3 Hz, H Ar), 7.65 (1H, t, J=7.32 Hz, H Ar),
7.55 (1H, t, J=7.32 Hz, H Ar), 7.25 (1Í, t, J=8.3
Hz, H Ar), 7.02 (1Í, d, J=7.81 Hz, Í Ar), 6.65 (1
H, d, J=7.81 Hz, Í Ar), 3.26 (3H, s, CH3), 3.23
(3H, s, CH3), 2.73–2.70 (2H, m, CH2), 2.61–2.59
(2H, m, CH2), 1.79–1.77 (2H, m, CH2). 

13C NMR
(100 MHz, TFA-d), , ppm: 170.3 (CH=N), 158.2
(C–OH), 154.8, 150.7, 140.9, 140.8, 138.4, 134.1,
133.6, 132.8, 130.9, 130.2, 129.7, 126.9, 126.4, 119.3,
119.1, 116.2, 111.5, 109.2, 46.9, 39.4, 27.1, 23.9,
21.3. FT–IR (KBr pellets, , cm–1): 3303 (OH),
2855–2924 (aliphatic C–H), 1630 (C=N). MS
(FAB), m/z (Irel, %): 424 [M+H]+ (100). Calculated
for C27H25N3O2 (%): C, 76.57; H, 5.95; N, 9.92.
Found (%): C, 76.44; H, 5.83; N, 9.99.

N , N - d i m e t h y l - N - ( 4 - { ( E ) - [ ( 3 -
ni trophenyl) imino]methyl}-2,3-dihydro-1H-
benzo[b]xanthen-12-yl)-N,N-dimethylimidoformamide
(2e):

Light-red powder, yield 65%, mp 251–2520C.
1H NMR (400 MHz, DMSO-d6), , ppm (J, Hz):
8.90 (1Í, s, CH=N), 8.02 (1Í, s, N=CÍ–N(Me)2),
7.98–7.92 (3H, m, H Ar), 7.83–7.81 (2H, m, H
Ar), 7.65–7.72 (3H, m, H–Ar), 7.47 (1H, t, J=8.3
Hz, H Ar), 7.39 (1H, t, J=8.3 Hz, H Ar), 3.11 (6H,
s, 2CH3), 2.61–2.59 (4H, m, 2CH2), 1.71–1.69 (2H,
m, CH2). 

13C NMR (100 MHz, DMSO-d6/TFA-d),
, ppm: 167.0 (CH=N), 160.4, 156.9, 149.3, 148.8,
141.5, 140.8, 135.3, 131.0, 130.6, 129.5, 129.4, 127.2,
126.9, 126.4, 122.7, 119.5, 119.4, 112.8, 110.9, 105.2,
41.3, 35.3, 24.3, 22.9, 20.4. FT-IR (KBr pellets, ,
cm–1): 2931 (aliphatic C–H), 1629 (C=N), 1530
(as NO2), 1341 (sym NO2). MS (FAB), m/z (Irel, %):
453 [M+H]+ (100). Calculated for C27H24N4O3 (%):
C, 71.67; H, 5.35; N, 12.38. Found (%): C, 71.54;
H, 5.63; N, 12.49.

N,N-dimethyl-N-(4-{(Z)-[(2-methyl-5-
ni trophenyl) imino]methyl}-2,3-dihydro-1H-
benzo[b]xanten-12-yl)imidoformamide (2f):

Orange crystals, yield 63%, mp 236–238°C. 1H
NMR (400 MHz, DMSO-d6), , ppm (J, Hz): 8.86
(1Í, s, CH=N), 7.93 (1Í, s, N=CÍN(Me)2), 7.90–
7.88 (2H, m, H–Ar), 7.79–7.77 (1H, m, H Ar),
7.72–7.71 (2H, m, H Ar), 7.61 (1Í, s, H Ar), 7.46–
7.36 (3H, m, H Ar), 3.08 (6H, s, 2CH3), 2.65–2.57
(4H, m, 2CH2), 2.36 (3H, s, CH3), 1.71–1.69 (2H,
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m, CH2). 
13C NMR (100 MHz, TFA-d), , ppm:

167.0 (CH=N), 156.8, 149.4, 147.0, 140.8, 139.3,
135.2, 132.3, 131.8, 130.6, 129.4, 129.2, 128.6, 128.3,
127.3, 126.7, 126.4, 125.9, 123.8, 120.8, 111.0, 105.4,
41.4 (CH3), 35.4 (CH3), 24.5, 23.0, 20.4, 18.2 (CH3).
MS (FAB), m/z (Irel, %): 467 [M+H]+ (100).
Calculated for C28H26N4O3 (%): C, 72.09; H, 5.62;
N, 12.01. Found (%): C, 72.14; H, 5.73; N, 12.19.

2-{[(1E)-(11-{[(1E)-(dimethy lamino)-
me t h y l e n e ] am i n o } - 1 , 2 - d i h y d r o b e n z o [ g ] -
cyclopenta[b]chromen-3-yl)methylene]amino}benzoic
acid (2g):

Purple powder, yield 73%, mp 241–243°C. 1H
NMR (400 MHz, TFA-d), , ppm (J, Hz): 9.51
(1Í, s, CH=N), 8.88–8.86 (2H, m, H Ar), 8.58
(1Í, s, N=CÍN(Me)2), 8.44–8.22 (6H, m, H Ar),
8.08–7.93 (2H, m, H–Ar), 3.99 (6H, s, 2CH3), 3.77–
3.75 (2H, m, CH2), 3.55–3.53 (2H, m, CH2). 

13C
NMR (100 MHz, TFA-d), , ppm: 176.9 (CO2H),
171.6 (CH=N), 156.9, 151.3, 147.8, 137.8, 135.7,
133.6, 132.7, 132.5, 130.7, 130.3, 129.6, 125.9, 117.0,
46.9, 39.9, 25.9, 24.9. MS (FAB), m/z (Irel, %): 438
[M+H]+ (32). Calculated for C27H23N3O3 (%): C,
74.12; H, 5.30; N, 9.60. Found (%): C, 74.22; H,
5.34; N, 9.46.
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ÑÈÍÒÅÇ ÍÎÂÈÕ ÎÑÍÎÂ ØÈÔÔÀ ÍÀ ÎÑÍÎÂ²
ÔÎÐÌ²ËÏÎÕ²ÄÍÈÕ ÊÑÀÍÒÅÍ²Â

Ñ.À. Âàðåíè÷åíêî, Î.Ê. Ôàðàò, À.Â. Ìàçåïà, Â.È. Ìàðêîâ

Ó ðåçóëüòàò³ ðåàêö³¿ òåòðàöèêë³÷íèõ ôîðì³ëïîõ³äíèõ
êñàíòåí³â ç àðîìàòè÷íèìè àì³íàìè áóëè îäåðæàí³ íîâ³ îñíîâè
Øèôôà â ïðèñóòíîñò³ ïàðè êðàïåëü åòàíîâî¿ êèñëîòè. Ñòðóê-
òóðè öèõ ñïîëóê áóëè äîñë³äæåí³ ìåòîäàìè ²×, ßÌÐ ³ ìàñ-
ñïåêòðîìåòð³¿. Ôîðì³ëêñàíòåíè ïðîäåìîíñòðóâàëè ïîãëèíàí-
íÿ ³ âèïðîì³íåííÿ â ä³àïàçîí³ 424–435 íì ³ 524–559 íì, â³äïî-
â³äíî, â ðîç÷èííèêàõ ð³çíî¿ ïîëÿðíîñò³. Âèõ³äí³ ôîðì³ëêñàíòå-
íè õàðàêòåðèçóâàëèñÿ äîñèòü âåëèêèì Ñòîêñîâèì çñóâîì 100–
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130 íì ³ ïîì³ðíèì êâàíòîâèì âèõîäîì ôëóîðåñöåíö³¿. Îäåð-
æàí³ îñíîâè Øèôôà íå âèÿâëÿþòü ôëóîðåñöåíö³¿, çà âèíÿòêîì
äâîõ ïðîäóêò³â ç àíòðàí³ëîâîþ êèñëîòîþ. Ö³ ñïîëóêè ìàþòü
ñëàáêî ñòðóêòóðîâàí³ ñïåêòðè ïîãëèíàííÿ ç ìàêñèìóìàìè ïðè
527 ³ 532 íì. Ìàêñèìóìè ëþì³íåñöåíö³¿ áóëè âèÿâëåí³ â ä³àïà-
çîí³ 582 ³ 598 íì, â ðåçóëüòàò³ îäåðæàí³ ñïîëóêè õàðàêòåðèçó-
þòüñÿ íèçüêèì êâàíòîâèì âèõîäîì ôëóîðåñöåíö³¿ â ä³àïàçîí³
0,01–0,02 â ðîç÷èí³ àöåòîí³òðèëó ³ Ñòîêñîâèì çñóâîì 55 ³ 65 íì.

Êëþ÷îâ³ ñëîâà: ôîðì³ë êñàíòåíè, îñíîâè Øèôôà,
àðîìàòè÷í³ àì³íè, ôëóîðåñöåíö³ÿ, Ñòîêñ³â çñóâ.

SYNTHESIS OF NEW SCHIFF BASES BASED ON
FORMYL DERIVATIVES OF XANTHENES

S.A. Varenichenko a, *, O.K. Farat a, A.V. Mazepa b, V.I. Markov a

a Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

b A.V. Bogatsky Physico-Chemical Institute of the National
Academy of Sciences of Ukraine, Odessa, Ukraine
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New Schiff bases were synthesized by the reaction of tetracyclic
formyl derivatives of xanthenes with aromatic amines in the presence
of a vapor of acetic acid drops. The structures of these compounds
were investigated by FTIR, NMR spectroscopies and mass-
spectrometric technique. Formyl xanthenes showed absorption and
emission in the range of 424–435 nm and 524–559 nm, respectively,
in solvents with different polarities. Initial formyl xanthenes were
characterized by a suficiently high Stokes shift of 100–130 nm and
a moderate fluorescence quantum yield. The prepared Schiff bases
exhibit no fluorescence, with the exception of two products with
antranilic acid. These compounds show weakly structured absorption
spectra with maxima at 527 nm and 532 nm. Luminescence maxima
were found in the range of 582 and 598 nm; as a result, the prepared
compounds are characterized by low fluorescence quantum yields in
the range of 0.01–0.02 in acetonitrile solution and the Stokes shift
of 55 nm and 65 nm.

Keywords: formyl xanthenes; Schiff bases; aromatic amines;
fluorescence; Stokes shift.
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