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[2+2]-PHOTOCYCLOADDITION OF (E)-2- 

(3,4-DIMETHOXYSTYRYL)PYRIMIDINE  

AND ITS SALTS IN CRYSTALS 
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1*, A. E. Saifutairova1,2,  

O. A. Fedorova
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, and A. V. Vologzhanina

1
 

Crystal structures of two salts of (E)-2-(3,4-dimethoxystyryl)pyrimidinium (HDmsPy+) are studied: 

(HDmsPy)Cl⋅H2O and (HDmsPy)Cl⋅0.5С6H4(OH)2. (E)-2-(3,4-dimethoxystyryl)pyrimidinium chloride is 

photoinert. Upon UV irradiation, the (E)-2-(3,4-dimethoxystyryl)pyrimidinium cocrystal with catechol as 

well as pure (E)-2-(3,4-dimethoxystyryl)pyrimidine (DmsPy) are involved in the [2+2]-photocycloaddition 

reaction with crystal destruction. Structures of solid phase reaction products and a similar 

photocycloaddition reaction in the solution are analyzed by 1H NMR spectroscopy. 

DOI: 10.1134/S0022476622030118 

Keywords: diazines, styryl derivatives, dimerization, [2+2]-photocycloaddition, crystal structure. 

INTRODUCTION 

The [2+2]-photocycloaddition reaction of non-symmetric alkenes in solutions is known to lead, as a rule, to the 

formation of a mixture of eleven possible stereoisomers of 1,2,3,4-tetrasubstituted cyclobutane (Fig. 1). In crystals, the 

reaction takes place not always, and if it does, then towards only one (rarer two) possible reaction products, depending on the 

arrangement of molecules. Photocycloaddition is known to be possible in a solid if the distance d between С=С bonds does 

not exceed 4.2 Å [1, 2]; the coplanar and parallel arrangements of these fragments are desirable, too [3]. 

We have recently synthesized and structurally characterized three isomeric derivatives of styryldiazine [4], and only 

in one of them – (E)-2-(3,4-dimethoxystyryl)pyrimidine (DmsPy, 1, Scheme 1) – the molecular arrangement corresponds to 

the above criteria of the possible occurrence of the photoreaction with the expected reaction product, namely 2,2′-

((1R,2R,3S,4S)-2,4-bis(3,4-dimethoxyphenyl)cyclobutane-1,3-diyl)bipyrimidine (X, Fig. 1). Therefore, the search for other 

solid forms (salts, cocrystals, polymorphs) HDmsPy+ and/or DmsPy can become promising for preparing other isomers of 

1,2,3,4-tetrasubstituted cyclobutane obtained by dimerization of styrylpyrimidine 1. 

In this work, we report data on the synthesis and crystal structure of two salts of 2-(3,4-dimethoxystyryl)pyrimidine: 

(HDmsPy)Cl⋅H2O (2) and (HDmsPy)Cl⋅0.5С6H4(OH)2 (3). We compared the products of the solid phase photoreaction in 

salts and initial crystalline compound DmsPy (1) and in the solution. 
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(2C, C10, C12), 152.78 (2C, C3, C4), 160.11 (C8). Found (%): С 69.12, Н 6.21, N 11.51. C14H15N2O2. Calculated (%):  

С 69.41, Н 6.82, N 11.56. Mass spectrum of the solution (ESI-MS) in acetonitrile, m/z: 243.29 [2]+. 

A cocrystal of the salt with catechol of the composition (HDmsPy)Cl⋅0.5С6H4(OH)2 (3) was synthesized by 

dissolving 0.01 g of styryl derivative 1 and 0.03 g of catechol in a 0.1 М HCl solution. 

The crystal samples were irradiated by a Shimadzu L9588-4 xenon lamp (unfiltered light, 40% intensity of the 

maximum passport power) for 8 h. The powder formed during irradiation of single crystals of 1 was purified by flash 

chromatography on SiO2; the eluent was a hexane:ethylacetate gradient mixture, 1:0 → 0:1. 2,2′-(2,4-Bis(3,4-

dimethoxyphenyl)cyclobutane-1,3-diyl)bipyrimidine compound (4) was obtained. Yield: 4.0 mg (90%); m.p. 100-102°C. 1H 

NMR (CDCl3, 600 MHz, 25 °C): 3.76 (s, 6Н, OСН3), 3.79 (s, 6Н, ОСН3), 4.90 (m, 2Н, Ha, Ha′), 5.04 (m, 2Н, Hb, Hb′), 

6.65-6.67 (d, 2Н, Н5, Н5′, 3J = 8.2), 6.71 (s, 2Н, H2, Н2′), 6.82-6.84 (d, 2Н, Н6, Н6′, 3J = 8.3), 7.01 (t, 2Н, Н11, H11′), 8.58-

8.59 (d, 4Н, Н10, H10′, Н12, H12′, 3J = 2.6); 13С NMR (CDCl3, 151 MHz, 25 °C) δ: 44.7 (2C, Cb, Cc), 46.5 (2C, Ca, Cd), 

55.7 (4C, ОСН3), 110.4 (2C, C5, C5′), 111.3 (2C, C2, C2′), 118.4 (2C, C11, C11′), 119.9 (2C, C6, C6′), 132.5 (2C, C1, C1′), 

147.2 (2C, C4, C4′), 148.2 (2C, C3, C3′), 156.6 (4C, C10, C10′, C12, C12′), 169.5 (2C, C8, C8′). Found (%): C 69.41,  

H 5.82, N 11.56. C28H28N4O4. Calculated (%): C 69.38, H 5.78, N 11.83. Mass spectrum of the solution (ESI-MS) in 

acetonitrile, m/z: 485.40 [4+H]+. 

Single crystal X-ray diffraction (XRD) analysis. XRD studies of compounds 2 and 3 were carried out on an 

automated Bruker D8 Quest diffractometer (graphite monochromator, λ(MoKα) = 0.71073 Å, ϕ- and ω-scanning). Intensities 

were integrated using the SAINT program [6]. Absorption correction and systematic error correction were applied semi-

empirically using the SADABS program [7] with the intensities of equivalent reflections. The structure of 2 was a twin and 

for it the intensities of overlapping reflections were corrected by algorithms implemented in the PLATON software [8]. The 

calculated BASF parameter was 0.21. The structures were solved by the dual space method implemented in the SHELXT 

software [9] and refined by the full-matrix least squares method against 2

hkl
F  in the anisotropic approximation for all non-

hydrogen atoms (except a minor component of the disorder in the structure of 2, which was refined in the isotropic 

approximation with a common thermal parameter). Hydrogen atoms bonded to heteroatoms were localized from Fourier 

difference maps and refined in the isotropic approximation (except the minor component of the disorder of the 2 structure). 

The other hydrogen atoms were placed in geometrically calculated positions and refined in the riding model with isotropic 

thermal parameters Uiso(H) exceeding 1.5 times the equivalent isotropic thermal parameters Ueq(X) of carbon atoms of methyl 

groups and 1.2 times of the other atoms. In the structure of 2, the HDmsPy+ cation was partially disordered over two positions 

with relative occupancies of 0.88:0.12; the minor component was refined using the SAME instruction. To refine and analyze 

the geometric parameters we employed the SHELXL software [10]. The main crystallographic data and refinement 

parameters are listed in Table 1. 

The structures have been deposited with the Cambridge Crystallography Data Center (CCDC) under numbers CCDC 

2105326-2105327 and can be received at www.ccdc.cam.ac.uk/structures. 

RESULTS AND DISCUSSION 

In this work, the objects of the study were crystals of stilbene derivatives in both free form (1) and products of its 

interaction with hydrochloric acid (2) and catechol in the presence of hydrochloric acid (3) (Scheme 1). In the previously 

studied [4] crystal structure of 1, (E)-2-(3,4-dimethoxystyryl)pyrimidine forms centrosymmetric dimers with parallel and 

coplanar arrangements of double bonds (Fig. 2а). The distance between carbon atoms of olefin moieties (3.896(2) Å) 

indicates that the solid-phase photocycloaddition reaction can occur. Here the substituents are located antiparallel, and hence, 

the expected reaction product, as well as in the solution, must be bipyrimidine 4 (Scheme 1). 

Unfortunately, during UV irradiation single crystals of 1 (0.35×0.20×0.15 mm) completely decompose to powder in 

20 min. After irradiation of solid 1 for 8 h, the reaction completeness and the structure of the reaction product were controlled  
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Fig. 6b and the analysis of the 1Н NMR spectrum it is possible to conclude that in the cyclobutane derivative the heterocyclic 

part also remains protonated. 

CONCLUSIONS 

Thus, unlike previously studied styrylquinolines and styrylquinoxalines [15, 16],  styrylpyrimidines undergo only 

[2+2]-photocyclization rather than the intramolecular isomerization reaction. The formation of head-to-tail dimers in a solid 

results in a regio- and stereoselective photodimerization process and the formation of one of eleven possible isomers of 

cyclobutane (isomer X, Fig. 1). 
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