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SYNTHESIS AND CRYSTAL STRUCTURE  
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Based on (–)-cytisine alkaloid and ethyl isothiocyanate, N-ethyl-N-cytisinocarbothioamide is synthesized 

and its structure is proved by 1H NMR spectroscopy and single crystal X-ray diffraction. The mesomeric 

effect is shown in the carbothioamide group formed. It is found that π-conjugation between nitrogen atoms 

and the thiocarbonyl group is weakened due to the steric hindrance between hydrogen atoms of the 

piperidine ring and the thioamide group. 
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Keywords: alkaloids, cytisine, carbothioamide, ethyl isothiocyanate, NMR spectroscopy, single crystal  
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INTRODUCTION 

One of topical issues of modern chemical science is the search for methods allowing the rational use of natural plant 

raw materials and the creation of new biologically active compounds based on them. In this aspect, of special interest are 

plant alkaloids which take a “privileged” position among naturally occurring compounds due to their peculiar structure and 

high practical value. Alkaloids attract attention primarily by their pharmacological activity; many of them turned out to be 

valuable drugs, which stimulated their comprehensive study, the synthesis of new derivatives, as well as the search and 

design of more complex structures and the analysis of the “structure-activity” relationship [1, 2]. 

Thiourea derivatives deserve a special attention among new biologically active derivatives of alkaloids. Many of 

them have not yet been fully understood in terms of their pharmacological activity and began to be intensively investigated. 

According to publications, many thiourea derivatives of naturally occurring compounds possess valuable pharmacological 

properties and can be used as antituberculous, antineoplastic, antiphlogistic, antimicrobial, and other therapeutically active 

substances [3-5]. 

EXPERIMENTAL 

1H NMR spectra were recorded on a JNN-ECA Jeol 400 spectrometer (399.78 MHz) using the DMSO-d6 solvent. 

Chemical shifts were measured relative to the TMS internal standard. The melting points were determined on a Boetius  
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TABLE 1. Selected Geometric Parameters of Compounds 1-11 

Compound 

Sum of bond  
angles ∑ω, deg 

Bond length d, Å Torsion angle τ, deg 
C–H⋯H–N2 
contact, Å;  
H–C⋯N2–H 
pseudo-torsion 
angle, deg. 

∑ω (N1) ∑ω (N2) d (N1–C(sp2)) d (N2–C(sp2))
d(C=O), 
d(C=S) 

τ(C–N1–C=S) τ(C–N2–C=S 

–(CH2)2N1–C(=O)–C(sp
3)– 

2 [15] 360.0(3) - 1.356(4) - 1.228(4) 3.3(3) - - 

3 [15] 359.9(7) - 1.359(5) - 1.209(5) 1.9(7) - - 

–(CH2)2N1–C(=S)–C(sp
3)– 

4 [16] 359.7(8) - 1.338(6) - 1.659(6) –3.3(8) - - 

5
#1 [17] 359.7(12) - 1.340(11) - 1.696(9) 2.2(11) - - 

359.8(12) - 1.330(11) - 1.662(9) –2.7(11) - - 

–(CH2)2N1–C(=S)–N2H–C(sp
3)– 

1  359.8(3) 360.0(4) 1.360(3) 1.335(3) 1.693(2) –13.0(3) –10.8(4) 1.90; –41.1 

6 [18] 358.8(2) 359.8(2) 1.363(2) 1.352(2) 1.700(1) 23.7(2) 18.6(2) 1.90; 49.7 

7 [19] 357.6(5) 360.0(5) 1.354(4) 1.346(4) 1.699(3) 24.0(4) 8.2(4) 1.88; 47.7 

8 [20] 356.9(3) 360.0(3) 1.354(3) 1.339(3) 1.695(2) 9.6(3) –8.8(3) 1.80; 6.3 

9 [22] 359.5(2) 358.7(2) 1.339(2) 1.346(2) 1.712(1) –14.1(3) –7.4(3) 1.98; –42.9 

10
#1 [23] 360.0(7) 360.0(9) 1.317(6) 1.346(6) 1.704(5) 0.3(7) –0.3(7) 2.19; –51.2 

360.0(8) 360.0(9) 1.330(6) 1.358(6) 1.688(5) –1.0(6) –1.6(7) 2.17; –54.5 

11 [24] 360.0(2) 359.9(2) 1.348(1) 1.348(1) 1.703(1) 1.5(1) –0.5(1) 2.16; –53.1 
2.20; 60.7 

 

 

 

#1 Two crystallographically independent molecules. 

 

(morpholine-4-yl)ethanethione (5) [17] the nitrogen atom has a planar trigonal configuration; an elongation of the C=S bond 

and a contraction of the N–C bond in the thioamide group (standard C(sp3)2–C=S bond is 1.559 Å) are observed [12]. There 

is also a high degree of conjugation of the nitrogen lone pair and the C=S bond (Table 1). 

The addition of ethyl isothiocyanate to cytisine gives compound 1 containing the carbothioamide group, where the 

second N15 nitrogen atom with a planar trigonal configuration is also involved in conjugation with the C=S bond (Table 1). 

This configuration of N1 and N2 nitrogen atoms of the carbothioamide group is also observed in three cytisine derivatives: 

N-adamantylcytisine-12-thiocarbamide (6) [18], N-cytisinyl-N′-(2,3,4,6-tetrakis(O-acetyl)-β-D-glucopyranosil)thiocarbamide 

monohydrate (7) [19], cytisine-N-(2-hydroxyethyl)thiocarbamide (8) [20]. However, the C(sp3)–N1–C=S torsion angle 

greatly deviates from zero in the molecules of 1, 6-8, compared to the respective angle in the molecules of 2-5. The C(sp3)–

N2–C=S torsion angle also significantly deviates from zero in the molecules of 1, 6-8, which decreases the degree of 

conjugation of the N1 and N2 lone pairs with the C=S bond (Table 1). 

The analysis of the molecular geometry of 1 revealed that it can be much facilitated by the short C11–H⋯H–N15 

contact of 1.90 Å, which is significantly less than the sum of Van der Waals radii of hydrogen atoms (2.32 Å) [21]. This 

contact would be even shorter if the C11–N12–C14=S1 and C16–N15–C14=S1 torsion angles were smaller. Generally, the 

H–C13⋯N15–H pseudo-torsion angle is –41.1°. Such a contraction of the C–H⋯H–N2 contact with a large H–C⋯N2–H 

pseudo-torsion angle is observed in compounds 6, 7. In the molecule of 8 due to the formation of the intermolecular N2–

H⋯O hydrogen bond (N⋯O distances of 3.021 Å, H⋯O of 2.02 Å, the N–H⋯O angle of 159°) the C–N2–C=S torsion 

angle takes a negative value relative to the C–N1–C=S angle, which results in an even greater contraction of the C–H…H–N2 

contact to 1.80 Å (Table 1). The substitution of the 6-membered piperidine ring by the more labile 7-membered 

hexamethyleneimine ring, as in N-(((2-(4-chlorophenyl)ethyl)amino)thiocarbonyl)-7,8-dihydroxy-2,3,4,5-tetrahydro  
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