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Abstract: (E)-2-(1-Cyano-2-methoxy-2-oxoethylidene)-3,4-dioxo-1-(pyridin-1-ium-1-yl)cyclobutan-1-ide
was obtained by a three-component reaction of squaric acid dichloride with pyridine and
methyl cyanoacetate.
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1. Introduction

Oxocarbons are a family of aromatic monocyclic anions of the general formula [CnOn]−m and
related compounds [1]. For derivatives in which the oxygen atoms are replaced by heteroatoms such as
nitrogen or sulfur, or by substituents such as a dicyanomethylene group, the term “pseudooxocarbons”
is used [2].

The anion of squaric acid (3,4-dihydroxycylobut-3-ene-1,2-dione) is the most prominent
representative of the oxocarbons. Due to their photoelectrical properties, mesoionic compounds
derived from squaric acid, e.g., squaraines, exhibit practical applications in solar cell technology [3,4].
Pyridinium ylides of squaric acid are structurally related to squaraines and thus may be utilized
in a similar manner [5,6]. These compounds can be prepared by the reaction of squaric acid
dichloride with pyridine and water [7,8]. If, instead of water, N-nucleophiles such as cyanamide
or sulfonamides are used, pseudooxocarbon ylides are obtained [9]. We have succeeded in preparing
the pseudooxocarbon ylide 4 by reaction of squaric acid dichloride (1) with pyridine (2) and methyl
cyanoacetate (3) as C-nucleophile (Scheme 1).
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Scheme 1. Synthesis of the title compound 4. 

2. Results and Discussion 

Scheme 1. Synthesis of the title compound 4.
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2. Results and Discussion

Compound 4 was prepared in accordance with the procedure described for the synthesis of other
pyridinium ylides of squaric acid by slowly adding pyridine to a solution of the other two components
in anhydrous dichloromethane [8,9]. The best results were obtained when the reaction temperature
was maintained at 0 ◦C and contact with atmospheric moisture was avoided. Crystallization of the
crude isolated material from a DMF/methanol mixture yielded the product as the (E)-configurated
diastereomer, as was shown by an X-ray structure analysis of a single crystal (Figure 1). The central
ring and its immediate substituents (C1 to C4, N1, O1, O2) are coplanar with a mean deviation of only
0.01 Å; the atom C10 lies 0.10 Å outside this plane. The atom grouping C10 to C13, O3, O4, N2 also
forms a plane (mean deviation 0.025 Å) and this subtends an interplanar angle of 5◦ to the central
plane. Finally, the pyridine substituent makes an angle of 54◦ to the central plane.
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Figure 1. The molecule of compound 4 in the crystal. Ellipsoids represent 50% probability levels.
Selected bond lengths (Å) and angles (◦): C1-O1 1.1999(14), C1-C4 1.5221(15), C1-C2 1.5452(16), C2-O2
1.2168(14), C2-C3 1.4427(15), C3-C4 1.4096(15), C3-N1 1.4221(14), C4-C10 1.3742(15); C4-C1-C2 88.33(8),
C3-C2-C1 86.24(9), C4-C3-C2 97.05(9), C3-C4-C1 88.31(9).

Like other pyridinium ylides of squaric acid, 4 dissolves only in polar solvents, e.g., acetic acid or
dimethylformamide, at high temperatures. Because of the electron delocalization, all representatives of
this class of substances are intensely coloured. The UV/Vis-spectrum of a methanolic solution shows
absorption maxima at 318 and 357 nm.

3. Materials and Methods

3.1. Materials

Dichloromethane was dried over phosphorus pentoxide and distilled before use. Pyridine was
dried over potassium hydroxide and distilled before use. Squaric acid dichloride was prepared
by a literature procedure [10]. Other reagents and solvents were purchased from Acros Organics,
Geel, Belgium, and were used without further purification.

3.2. Instrumentation

Melting points were determined in open-glass capillaries on an electric variable heater
(Electrothermal IA 9100, Bibby Scientific, Stone, UK). FT-IR absorption spectra were recorded on
a Thermo Nicolet FT-IR 200 spectrometer (Thermo Nicolet, Madison, WI, USA) using KBr pellets.
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1H-NMR and 13C-NMR spectra were recorded on a Bruker Avance DRX-400 (Bruker Corporation,
Billerica, MA, USA) (NMR laboratories of the Chemical Institutes of the Technische Universität
Braunschweig) using DMSO-d6 as solvent. Chemical shifts are reported as parts per million (ppm)
downfield from TMS used as an internal standard. Elemental analyses were recorded on a CE
Instruments FlashEA®1112 Elemental Analyzer (Thermo Quest, San Jose, CA, USA). Mass spectra
were recorded on a MAT 95 XL spectrometer (ThermoFinnigan MAT, Bremen, Germany, department
of mass spectrometry of the Chemical Institutes of the Technische Universität Braunschweig).
UV absorption spectra (200 to 600 nm) were recorded on an PU 8700 UV/VIS Spectrometer in
methanol. HPLC analyses were performed on a Merck Hitachi LaChrom Elite system (pump: L-2130,
DAD detector: L-2450; autosampler: L-2200; column: Merck LiChroCART 125-4, LiChrospher
100 RP-18 (5 µm) (Merck, Darmstadt, Germany); eluent: acetonitrile/water (10:90), elution rate
1.000 mL/min; detection wavelength: 254 nm and 280 nm; overall run time: 15 min); tms = total
retention time, ts = dead time.

3.3. Synthesis

To an ice-cooled solution of squaric acid dichloride (1) (1.51 g, 10.0 mmol) and methyl cyanoacetate
(3) (0.99 g, 10.0 mmol) in anhydrous dichloromethane (10 mL) was added dropwise a solution of
pyridine (2) (2.37 g, 30.0 mmol) in the same solvent (15 mL) at 0 ◦C over 30 min. After stirring for 1 h at
room temperature the resulting precipitate was filtered off and washed twice with propan-2-ol (5 mL).
Crystallization from methanol/DMF yielded 1.15 g (44.9%) of a brown solid.

M.p.: 250–252 ◦C (dec.); UV (methanol): λmax 357 nm, λmax 318 nm; MS (EI) m/z (%): 256 [M+] (7),
79 (100); IR (KBr) (cm−1): 2206 (CN), 1785, 1773, 1752, 1695 (C=O); 1H-NMR (400 MHz, DMSO-d6)
δ (ppm): 8.92 (m, 2H, ArH), 8.67 (tt, 1H, J = 1.4, 7.8 Hz, ArH), 8.23 (m, 2H, ArH), 3.51 (s, 3H,
CH3); 13C-NMR (100 MHz, DMSO-d6) δ (ppm): 194.1, 180.6, 172.4, 165.0, 157.4, 116.3, 67.5 (C),
146.3, 143.3 (2C), 126.4 (2C) (CH), 51.4 (CH3); HPLC (AUC%): 99.7% at 254 nm, 99.9% at 280 nm;
tms = 5.53 min; ts = 1.69 min; Elemental analysis calculated for C13H8N2O4 (256.21): C, 60.94%; H, 3.15%;
N, 10.93%; found: C, 60.68%; H, 3.16%; N, 10.78%. The supporting 1H-NMR, 13C-NMR, IR, UV/VIS
and mass spectra are presented in the supplementary material file.

3.4. X-ray Structure Determination of 4

Crystal data: Monoclinic, P21/n, a = 10.37270(13), b = 6.54287(9), c = 17.0477(2) Å, β = 91.1876(12)◦,
V = 1156.73 Å3 (at 100 K), Z = 4, Dx = 1.471 Mg m−3, µ = 0.95 mm−1.

A square plate-shaped crystal ca. 0.15 × 0.15 × 0.03 mm was mounted in inert oil on a glass
fibre and transferred to the cold gas stream of the diffractometer (Oxford Diffraction Nova A using
mirror-focussed Cu-Kα radiation). A total of 45,417 intensities were recorded to 2θmax 152◦. Absorption
corrections were implemented on the basis of multi-scans. The structure was refined anisotropically
on F2 using the program SHELXL-97 [11]. Hydrogens were included using rigid methyl groups
or a riding model starting from calculated positions. Final wR2 = 0.091 for 173 parameters and all
2415 unique reflections, R1 = 0.033 [I > 2σ(I)], S = 1.05, max. ∆ρ = 0.26 e Å−3.

Supplementary Materials: CCDC-1556336 contains the complete supplementary crystallographic data.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif. The 1H-NMR, 13C-NMR, IR, UV/VIS and mass spectra are available
online at www.mdpi.com/1422-8599/2017/3/M953.
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