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Reactions of N-[(9-chloro-2,3-dihydro-1H-(chromen)xanthen-4-
yl)methylene]-N-methylmethanaminium perchlorates with aromatic
amines

A.V. Kovtun, S.A. Varenichenko, O.K. Farat, V.l. Markov
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By interaction of N-[(9-chloro-1,2-dihydrocyclopenta[b]chromen-3-yl)methylene]-N-methylmethanaminium perchlorate and N-[(9-
chloro-2,3-dihydro-1H-xanthen-4-yl)methylene]-N-methylmethanaminium perchlorate with aromatic amines (p-anisidine, p-
aminophenol, p-aminobenzoic acid and aniline), Schiff bases were synthesized which are potential polydentant ligands for binding
to transition metal ions. Depending on the amount of starting compounds, these reactions yield either a mixture of mono- and
disubstitution products or a product with two aromatic amine fragments. Interaction of N-[(9-chloro-1,2-
dihydrocyclopenta[b]chromen-3-yl)methylene]-N-methylmethanaminium perchlorate with p-aminobenzoic acid regardless of the
ratio of starting materials leads to the formation of 4-{((3E,92)-3-{[(4-carboxyphenyl)amino]lmethylene}-2,3-
dihydrocyclopenta[b]chromene-9(1H)-ylidene]amino}benzoic acid with low yield. The low reactivity of p-aminobenzoic acid can be
explained by the reduced nucleophilicity of the nitrogen atom of the amino group due to the presence of an electron-accepting
carboxyl group in the benzene nucleus. The regioselectivity of the reaction of perchlorate with p-aminobenzoic acid is explained by
the intramolecular protonation of the primary intermediate azomethine due to the presence of a carboxyl group. In the resulting
zwitterion, the positive charge is transferred to the nitrogen atom of the dimethylamino group. As a result of the charge transfer,
the carbon atom associated with it becomes more electrophilic, which causes a second attack of p-aminobenzoic acid. The

obtained compounds can be used in the synthesis of complex compounds.
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Stokes shifts, high molar extinction coefficients
and moderate quantum vyields. The obtained
results proved the prospects of continuing
research in this area.

Introduction

Today, a large number of fluorescent probes
based on xanthenes are known, which contain
fragments of Schiff bases in the structure [1,2].
The structure of Schiff bases is very well suited as
a ligand for the identification of metal ions and

Results and discussion

A logical continuation of the research was the
synthesis of Schiff bases by the reaction of N-[(9-
chloro-2,3-dihydro-1H-(chromen)xanthen-4-yl)

methylene]-N-methylmethanaminium perchlo-
rate 1a,b [13] with N-nucleophiles in order to
obtain potential polydentant ligands for binding

quantitative analysis of ion content. There is a
series of Schiff's xanthene bases for the detection
of cu® [3], Hg** [4], Fe** [5], zn®" [6,7], Ca>' [8,9]
ions. The number of publications indicates the
further development in the biochemical and

biomedical sciences of the use of xanthene
derivatives as attractive sensory systems for
intracellular detection.

We have developed an effective method for the
synthesis of xanthene formyl derivatives by
rearrangement of spiro derivatives of 1,3-
benz(naphtho)oxazines(dioxins) [10-13]. As a
result of chemical modification of formyl-derived
xanthenes, Knovenagel reaction products [14],
Schiff bases and azines [15] were obtained, and
their photophysical properties were studied. The
synthesized compounds demonstrated the
presence of fluorescence in solutions with high

to transition metal ions. The interaction of
halogen derivatives of xanthene 1a,b with
aromatic amines, such as p-aminophenol, p-
anisidine, p-aminobenzoic acid and aniline, leads
to the formation of Schiff bases. Depending on
the amount of starting compounds in these
reactions, either a mixture of products or a
product with two fragments of aromatic amine is
formed.

The interaction of perchlorate 1a with an
equivalent amount of p-aminophenol for one day
gave a mixture of products with structures 2 and
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3 in the ratio according to chromato-masses
14.7% (retention time 0.755 min) and 85.3%
(retention time 0.775 min), respectively. Upon
interaction of compound 1a with a twofold excess
of aromatic amine under similar conditions, only
the product of disubstitution 3 is formed
(Scheme 1). In the 'H NMR spectrum, the
presence of OH groups is confirmed by peaks with
a chemical shift of 9.55 and 10.0 ppm. Proton
signals of the enamine group =CH—NH correspond
to peaks with a chemical shift of 8.05 and 10.12
ppm, respectively.

Reaction of salt 1a with one equivalent of p-
anisidine by short heating and subsequent
reaction at room temperature for one day also
leads to the formation of a mixture of products 4
and 5, and the reaction with excess aromatic
amine gave one product with structure 5
(Scheme 2).

The reaction of chlorine-substituted xanthene 1a
with p-aminobenzoic acid was also performed. It
was found that the interaction of the starting
compounds in a ratio of 1:1, as well as the use of
excess amine formed xanthene dye 6 with low
yield (Scheme 3). The low reactivity of p-
aminobenzoic acid can be explained by the
reduced nucleophilicity of the nitrogen atom of
the amino group, due to the presence of an
electron-accepting carboxyl group in the benzene
nucleus. Based on experimental data, it can be
assumed that azomethine is an intermediate
product of the reaction, similar to products 2 and
4. When reacting with p-aminobenzoic acid,
the resulting azomethine can be intramolecularly
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Scheme 2

protonated due to the presence of a carboxyl
group. In the resulting zwitter ion, the positive
charge is transferred to the nitrogen atom of the
dimethylamino group. As a result of the charge
transfer, the carbon atom connected to it
becomes more electrophilic, which causes the
second attack by p-aminobenzoic acid.

According to the obtained results, the increase in
the excess of aromatic amine leads to the
formation of exclusively substitution products of
the two end groups in the original chlorine
derivatives of xanthene. Thus, due to the
interaction of salt 1b with a threefold excess of
aniline, xanthene dye 7 was synthesized (Scheme
4).

The structure of product 7 was determined by 'H
NMR spectroscopy and mass spectrometry, the
gross formula was confirmed by elemental
analysis. The mass spectrum of compound 7 with
ionization in the FAB mode is characterized by the
presence of a peak of the protonated molecule
with m/z 279 [M+H]" with an intensity of 100%.

Conclusions

The interaction of N-[(9-chloro-2,3-dihydro-1H-
(chromen)xanthen-4-yl)methylene]-N-methyl-

methanaminium perchlorates with aromatic
amines was studied. As a result of the interaction
of an equimolar amount of starting compounds, a
mixture of products is formed with substitution of
only chlorine atom and chlorine atom and
dimethylamino group on aromatic amine, while
under the action of twice the excess substituted
aniline only a disubstitution product is formed.
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Experimental section

The *H NMR and *C NMR spectra were obtained
by using a BrukerAvance Il 400 instrument
(400.13 MHz and 100.62 MHz for 'H and *C,
respectively) in DMSO-dg using residual solvent
peak (& 2.49 ppm and 39.50 ppm for 'H and ¢,
respectively) as a reference. Elemental analysis
was performed by means of a LECO CHNS-900
instrument. The reactions and the purity of the
obtained compounds were monitored by TLC on
Merck Silicagel 60 F-254 plates with 10:1 CHCls—i-
PrOH as eluent. Chromato-masses of the reaction
mixture of compounds 2 and 3 were determined
on an Agilent 1100 instrument by liquid
chromatography with DAD and ELSD Sedex 75
detectors coupled with an LC-MS VL spectrometer
with electrospray ionization. Melting points were
determined using an Electrothermal 9100 Digital
Melting Point apparatus and were uncorrected.

General method of obtaining compounds 2-6

Perchlorate 1a or 1b (0.7 mmol) is dissolved in
boiling acetonitrile (5 ml), and the corresponding
aromatic amine (0.7 mmol or 1.4 mmol) is added.
The reaction mixture is refluxed for 5 min and
leave at room temperature for one day. The
precipitate is filtered off and purified by
crystallization from DMF.
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4-{[(3E,9Z)-3-[(Dimethylamino)methylene]-2,3-
dihydrocyclopenta[b]chromene-9(1H-
ylidene]amino}phenol (2) and 4-{[(3E,9Z)-3-{[(4-
hydroxyphenyl)amino]methylene}-2,3-
dihydrocyclopenta[b]chromene-9(1H)-
ylidene]amino}phenol (3)

Yield 0.2 g, dark-red powder, mp>360°C. 'H NMR
(400 MHz, DMSO-dg), 8, ppm (J, Hz): 10.33 (1H, s,
OH); 10.13 (1H, d, */=13.7, NH); 9.94 (2H, br.s.,
OH); 8.48 (1H, d, 2/=8.3, H Ar); 8.39 (1H, d, */=8.3,
H Ar); 8.05 (1H, d, 3/=13.7, CH); 7.79 (1H, t, >J=7.8,
H Ar); 7.66—7.74 (3H, m, H Ar); 7.48-7.57 (3H, m,
H Ar); 7.11-7.25 (6H, m, H Ar); 6.78—6.89 (6H, m,
H Ar); 3.20 (6H, s, 2CH3); 2.80-2.84 (2H, m, CH,);
2.59-2.61 (2H, m, CH,); 2.16-2.19 (2H, m, CH,).
MS (ESI), m/z (e, %): 333 [M+H]" (100), 397
[M+H]" (22). Found, %: C 75.99; H 6.18; N 8.29.
C,1HoN,0,. Calculated, %: C 75.88; H 6.06; N
8.43.

4-{[(3E,9Z)-3-{[(4-hydroxyphenyl)amino]methylene}-
2,3-dihydrocyclopenta[b]chromene-9(1H)-
ylidene]amino}phenol (3)

Yield 66%, dark-brown powder, mp>360°C. 'y

NMR (400 MHz, DMSO-dg), 8, ppm (J, Hz): 10.12
(1H, d, *=13.7, NH); 10.00 (1H, br.s., OH); 9.55
(1H, br.s., OH); 8.48 (1H, d, >/=8.3, H Ar); 8.05 (1H,
d, 3/=13.7, CH); 7.79 (1H, t, >)=7.8, H Ar); 7.68—
7.70 (1H, m, H Ar); 7.53=7.55 (1H, m, H Ar); 7.24
(2H, d, */=8.8, H Ar); 7.18 (2H, d, >/=8.8, H Ar);
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6.88 (2H, d, */=8.8, H Ar); 6.79 (2H, d, *J=8.3, H
Ar); 2.59-2.62 (2H, m, CH,); 2.17-2.19 (2H, m,
CH,). MS (ESI), m/z (I, %): 397 [M+H]" (100).
Found, %: C 75.85; H 5.20; N 7.09. C,;H,oN;0,.
Calculated, %: C 75.74; H5.08; N 7.07.

N-[(3E,9Z)-3-[(Dimethylamino)methylene]-2,3-
dihydrocyclopenta[b]chromene-9(1H)-ylidene]-4-
methoxyaniline (4) and (4-methoxyphenyl)[3E,9Z)-3-
{[(4-methoxyphenyl)amino]methylene}-2,3-
dihydrocyclopenta[b]chromene-9(1H)-ylidene]amine
(5)

Yield 0.2 g, dark-red powder, mp>3600C. 'H NMR
(400 MHz, DMSO-dg), 8, ppm (J, Hz): 10.93 (1H, s,
CH); 8.55 (1H, d, */=7.8, H Ar); 7.82 (1H, t, */=7.8,
H Ar); 7.73 (1H, d, >/=7.8, H Ar); 7.56 (1H, t, *J=7.8,
H Ar); 7.39 (1H, d, >/=8.3, H Ar); 7.93 (1H, d,
%)=8.3, H Ar); 3.81 (3H, s, CHs); 3.20 (6H, s, 2CHs);
3.73-3.75 (6H, m, 2CH5); 2.63—2.65 (2H, m, CH,),
2.17-2.19 (2H, m, CH,). MS (ESI), m/z (I, %): 347
[M+H]" (33), 425 [M+H]" (100). Found, %: C 76.42;
H 6.27; N 8.23. C,,H,,N,O,. Calculated, %: C
76.28; H 6.40; N 8.09.

(4-methoxyphenyl)[3E,9Z)-3-{[(4-
methoxyphenyl)amino]methylene}-2,3-
dihydrocyclopenta[b]chromene-9(1H)-ylidene]amine
(5)

Yield 54%, red powder, mp>360°C. '"H NMR (400
MHz, DMSO-dg), 8, ppm (J, Hz): 10.21 (1H, d,
3)=13.2, NH); 8.53 (1H, d, >/=8.3, H Ar); 8.14 (1H,
d, ®/=13.2, CH); 7.83 (1H, t, */=7.8, H Ar); 7.73 (1H,
d, ®/=8.3, H Ar); 7.57 (1H, t, >J=7.8, H Ar); 7.38 (1H,
d, /=8.8, H Ar); 7.33 (1H, d, >/=8.8, H Ar); 7.03
(1H, d, */=8.8, H Ar); 6.94 (1H, d, >/=8.8, H Ar);
3.82 (3H, s, CHs); 3.73 (3H, s, CHs); 2.60-2.63 (2H,
m, CH,); 2.14-2.18 (2H, m, CH,). MS (ESI), m/z
(Ieiny %): 425 [M+H]" (100). Found, %: C 76.51; H
5.85; N 6.73. C,yH,,N,0;. Calculated, %: C 76.39;
H 5.70; N 6.60.

4-{((3E,92)-3-{[(4-Carboxyphenyl)amino]methylene}-
2,3-dihydrocyclopenta[b]chromene-9(1H)-
ylidene]amino}benzoic acid (6)

Yield 12%, dark-red powder, mp>360°C. "H NMR
(400 MHz, DMSO-dg), 8, ppm (J, Hz): 11.41 (1H, s,
COOH); 10.41 (1H, d, ¥=13.2, NH); 7.55 (1H, d,
3)=8.3, H Ar); 8.34 (1H, d, ®/=13.2, CH); 8.05 (2H, d,
)=8.3, H Ar); 7.92 (2H, d, ®/=8.3, H Ar); 7.84 (1H,
d, 3/=8.3, H Ar); 7.61-7.67 (2H, m, H Ar), 7.52 (2H,
d, ¥/=8.3, H Ar); 7.48 (2H, d, */=8.3, H Ar); 2.73—
2.75 (2H, m, CH,); 2.29-2.31 (2H, m, CH,). MS
(ESI), m/z (I, %): 453 [M+H]" (100). Found, %: C
71.78; H 4.35; N 6.33. Cy6H,,N,0. Calculated, %: C
71.67; H 4.46; N 6.19.

N-[(4E,9Z)-4-(anilinomethylene)-1,2,3,4-tetrahydro-
9H-xanthen-9-ylidene]aniline (7)

Perchlorate 1b (0.7 mmol) is dissolved in boiling
acetonitrile (5 ml), the aniline (2.1 mmol) is
added. The reaction mixture is refluxed for 5 min
and leave at room temperature for one day. The
precipitate is filtered off and purified by
crystallization from DMF. Yield 30%, red powder,
mp 265-267°C. '"H NMR (400 MHz, DMSO-dg), §,
ppm (J, Hz): 8.57-8.59 (1H, m, H Ar); 8.05 (1H, d,
3)=8.3, NH); 7.98 (1H, d, 3)=8.3, CH); 7.83 (1H, t,
3)=7.8, H Ar); 7.51-7.53 (2H, m, H Ar); 7.40-7.48
(5H, m, H Ar); 7.29-7.35 (4H, m, H Ar); 7.16 (1H, t,
3)=7.3, H Ar); 2.59-2.61 (2H, m, CH,); 2.25-2.29
(2H, m, CH,); 1.70-1.75 (2H, m, CH,). MS (FAB),
m/z (I, %): 379 [M+H]" (100). Found, %: C 82.65;
H 5.99; N 7.27. C,6H,,N,0. Calculated, %: C 82.51;
H 5.86; N 7.40.
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Peakuii N-[(9-xnopo-2,3-aurigpo-1H-(xpomeH)KcaHTeH-
4-in)metuneH]-N-metTunmertaHimiHiym nepxnopartis 3

apomMmatuyHumum amiHamu

A.B. KostyH, C.A. BapeHuueHko, O.K. ®Papar, B.l.

Mapkos

B3aemogieto N-[(9-xnopo-1,2-auriapoumknonentalb]xpo-
MeH-3-in)meTtuneH]-N-meTuameTtaHimiHiym nepxaopaty i N-
[(9-xnopo-2,3-gurigpo-1H-KkcaHTeH-4-in)meTuneH]-N- metun-
MeTaHiMiHIyMm nepxnopaTty 3 apomMaTMYHUMKM amiHamu (n-
aHi3uauH, n-amiHodeHon, n-amiHo6eH3oWHa KucioTa Ta
aHiniH) oTpumaHo ocHoeu LUudda, AKi € noTeHuitHUMK
NONIAEHTAaHTHUMM NliraHAAMU ANsA 3B’A3yBaHHA 3 WMOHamMu

28

nepexigHMX MeTaniB. B 3anexHocTi Big cTexiomeTpuyHOl
KiNIbKOCTi BUXiZHMX CMOMIYK B LIMX PeaKLifAX YyTBOPIOETbCA abo
CyMmill NPOAYKTIB MOHO- Ta AM3aMmilieHHA, abo NpoaykT 3
nBoma pparmeHTaMM apoMaTUYHOro amiHy. Peakuia N-[(9-
xnopo-1,2-gurigpoumnknonentalb]xpomen-3-in)metunen]-N-
MeTUAMETaHIMIHIyM nepxnopaTy 3 n-amiHOGeH30WMHOo
KUC/IOTOK HE3ANIEXKHO Bif, KiNBbKOCTI BUXiAHWUX peareHTiB
np1BOAUTbL ao YTBOPEHHSA 4-{((3E,92)-3-{[(4-
kap6okcudeHin)amiHolmeTnneH}-2,3-aurigpoumKnoneHTa-
[b]xpomeH-9(1H)-inigeH]amiHo}6eH30MHOT KUCA0TH 3
HU3bKMM  BMXOZOM. HW3bKYy peakuiliHy 34aTHicTb  n-
aMIHOBEH30MHOI  KACNOTU MOMKHA MOACHUTU  3HUXKEHOH
HYKN1e0QiNIbHICTIO aTOMa HITPOreHy amiHOTpynu, 3a PaxyHoK
HaABHOCTI €/1eKTPOHOaKLENTOPHOI KapbOKCUNbHOI rpynu B
6eH3onbHOMY AApi. PeriocenekTnBHICTb peakuii nepxnopaty
3 n-amiHo6eH301MHO KNCNOTOO NOACHIOETLCA
BHYTPILWUHbOMONIEKYIAPHUM  NPOTOHYBAHHAM  NEPBUHHOTO
NPOMIXXHOrO asomeTMHyY  3a paxyHoK HaABHOCTI
KapboKcuabHOI  rpynu. B oTpumaHomy  LBITTEpiOHi
NO3WTUBHWUI  3apAfg, NEepPeHOCUTbCA Ha  aTom  asoTy
AVMeTUNnamiHorpynu. B pesynbTaTi nepeHeceHHA 3apagy
nos’si3aHMit 3 HUM aTom Byrneul CTtae  binbw
eneKkTpodiNbHUM, WO  BUKAMKAE  Apyry  aTaky n-
aMiHO6EH30MHOI  KncnoTu. OpepskaHi  CNoayKn MOXKYTb
LUIMPOKO BUKOPUCTOBYBATUCH Y CUHTE3i KOMNAEKCHUX CMOAYK.
KntouoBi cnoBa: noxiaHi KcaHTeHy, NOXiAHI XpOMeHY, OCHOBU
LWndda, apomaTnyHi amiHK, nonigeHTaHTHI NiraHaW.
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By interaction of N-[(9-chloro-1,2-
dihydrocyclopenta[b]chromen-3-yl)methylene]-N-methyl-

methanaminium perchlorate and N-[(9-chloro-2,3-dihydro-
1H-xanthen-4-yl)methylene]-N-methylmethanaminium per-
chlorate with aromatic amines (p-anisidine, p-aminophenol,
p-aminobenzoic acid and aniline), Schiff bases were
synthesized which are potential polydentant ligands for
binding to transition metal ions. Depending on the amount
of starting compounds, these reactions yield either a mixture
of mono- and disubstitution products or a product with two
aromatic amine fragments. Interaction of N-[(9-chloro-1,2-
dihydrocyclopenta[b]chromen-3-yl)methylene]-N-methyl-

methanaminium perchlorate with p-aminobenzoic acid
regardless of the ratio of starting materials leads to the
formation of 4-{((3E,92)-3-{[(4-carboxy-
phenyl)amino]methylene}-2,3-dihydrocyclopentalb]  chro-
mene-9(1H)-ylidene]amino}benzoic acid with low yield. The
low reactivity of p-aminobenzoic acid can be explained by
the reduced nucleophilicity of the nitrogen atom of the
amino group due to the presence of an electron-accepting
carboxyl group in the benzene nucleus. The regioselectivity
of the reaction of perchlorate with p-aminobenzoic acid is
explained by the intramolecular protonation of the primary
intermediate azomethine due to the presence of a carboxyl
group. In the resulting zwitterion, the positive charge is
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transferred to the nitrogen atom of the dimethylamino
group. As a result of the charge transfer, the carbon atom
associated with it becomes more electrophilic, which causes
a second attack of p-aminobenzoic acid. The obtained
compounds can be used in the synthesis of complex
compounds.

Keywords: xanthene derivatives; chromen derivatives; Schiff
bases; aromatic amines; polydentate ligands.
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