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Abstract 
2,3,4,5-Tetrahydro-2,4-diimino-1,3,5-triazin-1-ium hexachloroantimonate salts were formed by 
the addition of carbodiimides to N-alkylnitrilium salts. The compounds were characterized using 
microanalytical and spectroscopic (IR, MS, and NMR) data. 
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Introduction 
 
The existence of nitrilium salts 1 (Figure 1) was predicted and nitrilium salts were proposed as 
intermediates in organic synthesis and reaction mechanisms by Hantzch1 in 1931. Stable 
nitrilium salts, 1, were first prepared by Klages2 and Meerwein.3-5  
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Figure 1 
  
 The dipolarophilicity of the nitrile moiety is only moderate.6 However, electron-withdrawing 
substituents or Lewis acid catalysis enhance the reactivity of nitriles towards nucleophiles and 
1,3-dipolar species.6, 7 Thus, nitrilium salts react smoothly with a variety of nucleophiles and 1,3-
dipoles. Cycloadditions of organic azides to nitrilium salts 1 lead to trisubstituted tetrazolium 
salts.8-11 These reactions are dominated by a concerted mechanism.9 However, the cycloaddition 
of the azide ion N3

– to nitrilium ions is assumed to proceed via a two-step mechanism.9-13 
Previously, we reported the synthesis of 1,2,4-oxadiazonium salts by the cycloaddition of nitrile 
oxides to nitrilium and cyanamidium salts.14 Also, the addition of nitrilium salts to α,β-
unsaturated carbonyl compounds led to the formation of 4H-1,3- and 6H-1,3-oxazinium salts 
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through a multistep reaction sequence starting with a [2+2] cycloaddition involving the carbonyl 
π-bond and the nitrilium functionality.15 Tetrahydrotriazinium and 2-azonia-allene salts were 
formed as a result of [2+2+2] cycloaddition of N-alkylimines to nitrilium- and cyanamidium 
salts,16 while the azonia-allene salts were formed by 1-5 hydrogen shift. Abramovitch et al.,17-20 
and Jochims et al.21 reported the cycloaddition of heterocyclic nitrones to nitrilium salts, which 
was reviewed recently.22 3,4-Bis-(methylthio)-2H-pyrrolium salts and 2-azonia-allenes were 
formed by the addition of nitrilium salts to bis-(methylthio)acetylene23 through the formation of 
2-azonia-allene salts by a 1-5 hydrogen shift followed by cyclization. Moreover, 2,3,4,5-
tetrahydro-1,3,5-triazinium salts were obtained by the addition of N-substituted imines to 
nitrilium salts 1.24 The formation of symmetrical and asymmetrical N-[4-imino-1,3-diazetidin-2-
ylidine]aminium hexachloroantimonate salts 4, as geometrical isomerization products upon the 
addition of carbodiimides 2 to cyanamidium salts 3 (shown in  Scheme 1), have been reported 
quite recently. 25 
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Scheme 1. Reaction of cyanamidium salts 3 and carbodiimides 2. 
 
 As part of ongoing studies related to of the synthesis and reactions of nitrilium-, 1, and 
cyanamidium, 2, salts,14-16, 23-28 the reaction of  carbodiimides 2 with N-alkylnitrilium salts 1 is 
reported herein, along with the resulting derivatives (Scheme 2), and their characterization. 
 
 
Results and Discussion 
 
The addition of the carbodiimides 2a–d to a solution of N-alkylnitrilium salts 1a–f in 
dichloromethane at low temperature afforded the triazinium salts 5a–i in 45–91% yield. It is 
suggested that the compounds 5a–i are formed through a [2+2+2]- cycloaddition, in analogy to 
the formation of cycloadducts by the reaction of nitrilium salts with N-substituted imines.25 The 
reaction involves the formation of intermediate 6 (1:1 adduct) which reacts further with another 
mole of the carbodiimide 2 (Scheme 3).  
 The structures of the newly prepared triazinium salts 5a–i are derived from elemental 
analyses, and IR- and NMR- spectral data that are given in the Experimental Part. It is worth 
noting that the 1H- NMR spectrum of 5e in CD3CN shows four signals for different isopropyl 
groups, and only one N-methyl group at δ = 3.01. Considerable line broadening of the 13C-signal 
of the N-methyl resonance indicates slow geometrical isomerization of the exocyclic C2=N and 
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C4=N double bonds. Also, the 13C-NMR spectrum shows signals at δ =137.4, 140.7 and 165.5 
ppm which are attributed to C2=N, C4=N and C6=N+, respectively. The IR spectrum of 5e in 
CH2Cl2 shows stretching absorption peaks at 1690, 1650, 1540 and 1500 cm-1 corresponding to 
different types of imines and iminium cation. The formation of only one isomer for 5i can be 
explained by the preferred nucleophilicity of N-methyl- over the N-tert-butyl group as a result of 
the steric effect of the latter group. A similar assumption was reported for the addition of 
carbodiimides to cyanamidium salts,25 and in the dimerization of carbodiimides in the presence 
of alkylating reagents.29-33 Geometrical isomerization was also observed in the 13C- NMR of 
some compounds such as 5i and 5j. 
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Scheme 2. Synthesis of 1,3,5-triazinium salts, 5. 
 
Mechanism 
The nucleophilic addition to nitrilium ions has been reported by Hegarty and his co-workers.29 to 
be stereo-electronically controlled. The nitrogen lone-pair always develops anti- to the intruding 
nucleophile (Z-isomer). In the resulting imines, the nucleophile and the N-substituent are syn-
oriented with respect to each other. It is likely, therefore, that the addition of the carbodiimide 2 
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to a nitrilium ion 1 gives the (Z) adduct as the primary product. Thermal isomerization around 
the R-C=N-R bond furnishes the (E) form, which may readily undergo ring closure.  
 The formation of 5 by the addition of the carbodiimide 2 to the nitrilium salt 1 is believed to 
be due to stepwise polar cycloadditions.29,30 This involves the addition of two moles of 
carbodiimides 2 (added in two successive additions) via the formation of new cyanimidium salts 
6 and 7 (Scheme 3). The latter intermediate, 7, isomerizes to the (E)- geometrical isomer 8, 
followed by ring closure to form the [2+2+2] cycloadduct, salt 5. This pathway is in contrast to 
the formation of a [2+2] cycloadduct, as in the case of dimerization of carbodiimides,29-31 and the 
case of the addition of carbodiimides to cyanamidium salts.25 The driving force for the second 
addition of another molecule of carbodiimide 2 to form 5 (instead of ring closure to 
diazetidinium salts) is presumably due to the formation of a resonance stabilized [2+2+2] adduct 
(5 5’). 
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Scheme 3. Proposed mechanism for the formation of compounds 5. 
  
 
Experimental Section 
 
General Procedures. All experiments were carried out with the exclusion of moisture, in 
solvents dried by standard methods. Melting points were determined with Electrothermal 9100 
apparatus and have not been corrected. The 1H- and 13C-NMR spectra were recorded on Bruker 
AC-250 and Bruker DPX-300 instruments, using TMS as internal standard, and with deuterated 
chloroform, dichloromethane or acetonitrile as the solvent; chemical shifts (δ) are in ppm and 
coupling constants (J) in Hz. IR spectra were recorded on a Perkin-Elmer 1600 FT-IR in CH2Cl2 
solution; the frequencies are expressed in cm-1. Elemental microanalyses were obtained on an 
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Elemental Analyzer (Carlo Erba 1106) from vacuum-dried samples. The nitrilium salts 1a,28 
1b,23 1c,28 1d,34 1e,4 and 1f,2 were prepared according to literature procedures. 
 
General procedure for preparation of substituted 2,3,4,5-tetrahydro-2,4-diimino-1,3,5-
triazin-1-ium hexachloroantimonate, 5a-i  
A solution of 10 mmol of the carbodiimide 1a-c dissolved in 20 mL of dichloromethane was 
added dropwise to a cooled (-20 0C), stirred solution of 5 mmol of the appropriate nitrilium 
hexachloroantimonate 2a–f. The solution was stirred at this temperature for 1 h, then allowed to 
rise to 10 0C and stirred for an additional 1 h, after which time the IR of the solution showed the 
disappearance of the absorption of the nitrilium peak of the nitrilium salts (2230 cm-1). The 
reaction solution was reduced to half volume in vacuo, then cooled to -20 0C, then 100 mL of 
absolute diethyl ether was added dropwise to give a powder precipitate, which was collected 
under vacuum and dried. The precipitate was purified by recrystallization from 10 mL/100 mL 
diethyl ether. 
1,3,5-Tri-isopropyl-2,4-di-isopropylimino-6-methyl-2,3,4,5-tetrahydro-1,3,5-triazin-1-ium 
hexachloroantimonate (5a). White solid (70 %); mp 108-110 °C; IR (CH2Cl2) νmax (cm-1): 3051, 
2968, 1774, 1716; 1H NMR (300 MHz, CD3CN): δ 1.19 (d, J = 6.9 Hz, 12H, 2x(CH3)2CH), 1.25 
(d, J=6.9 Hz, 6H, (CH3)2CH), 1.57 (d, J  6.9 Hz, 12H, 2x(CH3)2CH), 2.69 (s, 3H, CH3), 3.25 
(sept., J 6.9 Hz, 2H, (CH3)2CH), 4.28 (sept., J 6.9 Hz, 1H, (CH3)2CH), 4.568 (sept., J 6.9 Hz, 2H, 
2(CH3)2CH); 13C NMR (75 MHz, CD3CN): δ (ppm) 20.8, 21.4, 22.7, 24.9, 50.6, 55.5, 56.6, 
136.2, 136.3,167.6. Anal. Calcd. for C19H38N5SbCl6 (671.0): C, 34.01; H, 5.71; N, 10.44. Found: 
C, 34.19; H, 5.68; N, 10.23%. 
6-Ethyl-1,3,5-tri-isopropyl-2,4-di-isopropylimino-2,3,4,5-tetrahydro-1,3,5-triazin-1-ium 
hexachloroantimonate (5b). White solid (66%); mp 125-128°C; IR (CH2Cl2) νmax (cm-1): 1690 
(w), 1655 (m), 1520 (s). 1H NMR (300 MHz, CD3CN): δ (ppm) 1.13 (d, J 6.9 Hz, 12H, 
2(CH3)2CH), 1.22 (d, J 6.9 Hz, 6H, (CH3)2CH), 1.35 (d, J  7.3 Hz, 3H, CH3CH2), 1.56 (d, J  6.9 
Hz, 12H, 2(CH3)2CH), 2.94 (q, J 7.3 Hz, 2H, CH3CH2 ), 3.15 (sept., J 6.9 Hz, 2H, 2(CH3)2CH), 
4.36 (sept., J 6.9 Hz, 1H, (CH3)2CH), 4.58 (sept., J 6.9 Hz, 2H, 2(CH3)2CH). 13C NMR (75 MHz, 
CD3CN): δ (ppm) 11.8, 20.3 (br), 21.2, 23.5, 24.7, 50.6, 55.6, 56.7, 136.3, 136.4,167.5. Anal. 
Calcd. for C20H40N5SbCl6 (685.1): C, 35.07; H, 5.89; N, 10.22. Found: C, 35.22; H, 5.67; N, 
10.38%. 
1,3,5,6-Tetra-isopropyl-2,4-di-isopropylimino-2,3,4,5-tetrahydro-1,3,5-triazin-1-ium hexa-
chloroantimonate (5c). White solid (53%); mp 137-139°C; IR (CH2Cl2) νmax (cm-1): 1700, 1650, 
1600 (w), 1525 (s), 1400 (br), 1370, 1200, 1100. 1H NMR (CDCl3): δ 1.21 (d, 12H, J 7.0 Hz, 
2(CH3)2CH), 1.65 (3d, 18H,  J 7.0 Hz, 3(CH3)2CH), 1.8 (d, 6H, J 7.0 Hz, (CH3)2CH), 3.18 (sept., 
2H, J  7.0 Hz, 2(CH3)2CH), 3.87 (sept., 1H,  J 7.0 Hz, (CH3)2CH), 4.30 (sept., 2H, J 7.0 Hz, 
2(CH3)2CH), 4.97 (sept., 1H, J 7.0 Hz, (CH3)2CH). 13C NMR (CDCl3): δ 19.5, 20.9, 21.9, 23.3, 
30.7, 50.6, 55.23, 56.3, 137.5, 137.6, 172.5. Anal. Calcd. for C21H42N5SbCl6 (699.1): C, 36.05; 
H, 6.06; N, 10.02. Found: C, 35.99; H, 5.92; N, 9.91%. 
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3,5-Dicyclohexyl-2,4-dicyclohexylimino-1,6-di-isopropyl-2,3,4,5-tetrahydro-1,3,5-triazin-1-
ium hexachloroantimonate (5d). White solid (45 %); mp 139-141 °C; IR (CH2Cl2) νmax (cm-1): 
1690, 1660, 1600 (w), 1520 (s), 1400 (br), 1200. 1H NMR (CDCl3): δ 1.21-1.82 (m, 20H), 1.67 
(d, 6H, J 6.9 Hz, (CH3)2CH), 1.75 (d, 6H, J 6.9 Hz, (CH3)2CH), 2.42 (m, 2H), 2.66 (m, 1H), 3.93 
(m, 2H), 4.40 (m, 1H). 13C NMR (CDCl3): δ 128.6, 137.2, 157.1, and others; the spectrum 
changed during measurements. Anal. Calcd. for C33H58N5SbCl6 (859.3): C, 46.12; H, 6.80; N, 
8.15. Found: C, 46.22; H, 7.05; N, 7.92%.  
3,5-Di-isopropyl-2,4-di-isopropylimino-1-methyl-6-phenyl-2,3,4,5-tetrahydro-1,3,5-triazin-
1-ium hexachloroantimonate (5e). White solid (63 %); mp 158-161 °C; IR (CH2Cl2) νmax (cm-

1): 1690 (m), 1650 (s), 1540 (s), 1500 (w), 1400 (br). 1H NMR (CD3CN): δ 1.14 (d, 6H, J 7.0 Hz, 
(CH3)2CH), 1.24 (d, 6H, J 7.0 Hz, (CH3)2CH), 1.48 (d, 6H, J  7.0 Hz, (CH3)2CH), 1.97 (d, 6H, J 
7.0 Hz, (CH3)2CH), 3.01 (s, 3H, CH3), 3.54 (sept., 1H, J 6.9 Hz, (CH3)2CH), 3.94 (sept., 1H J 6.9 
Hz, (CH3)2CH), 4.30 (sept., 1H, J = 7.0 Hz, (CH3)2CH), 4.40 (sept., 1H, J = 6.9 Hz, (CH3)2CH), 
7.54-7.78 (m, 5H). 13C NMR (CD3CN): δ 19.4, 21.4, 22.6, 23.31, 23.6, 24.1, 38.8 (CH3-N+), 
50.4, 51.1, 57.7, 59.2, 118.4, 126.6, 126.7, 127.8, 131.1, 133.4, 137.4, 140.7, 165.5. Anal. Calcd. 
for C22H36N5SbCl6 (705.1): C, 37.48; H, 5.15; N, 9.93. Found: C, 37.59; H, 5.34; N, 9.75%. 
6-Benzyl-1,3,5-tri-isopropyl-2,4-di-isopropylimino-2,3,4,5-tetrahydro-1,3,5-triazin-1-ium 
hexachloroantimonate  (5f). Yellow solid (67 %); mp 115-120 °C; IR (CH2Cl2) νmax (cm-1): 
1690 (w), 1650 , 1590, 1520 (s). 1H NMR (CD3CN): δ 1.18 (d, 12H, J = 6.9 Hz, 2(CH3)2CH), 
1.21 (d, 6H, J = 6.9 Hz, (CH3)2CH), 1.49 (d, 6H, J  6.9 Hz, 2(CH3)2CH), 3.31 (sept., 2H, J 6.9, 
2(CH3)2CH), 4.36 (sept., 2H, J 6.9 Hz, 2(CH3)2CH), 4.42 (s, 2H, CH2), 4.47 (m, 2H, 
2(CH3)2CH), 7.26 (m, 2H), 7.50 (m, 3H); 13C NMR (CD3CN): δ 21.1(br), 21.4, 23.5, 36.5, 50.7, 
55.5, 57.7, 128.3, 129.2, 130.6, 131.9, 132.0, 138.0, 166.2. Anal. Calcd. for C25H42N5SbCl6 

(747.12): C, 40.19; H, 5.67; N, 9.38. Found: C, 40.24; H, 5.44; N, 9.21%. 
1,3,5-Tri-isopropyl-2,4-di-isopropylimino-6-phenyl-2,3,4,5-tetrahydro-1,3,5-triazin-1-ium 
hexachloroantimonate (5g). White solid (91 %); mp 166-168 °C; IR (CH2Cl2) νmax (cm-1): 1690 
(w), 1660, 1510 (s), 1400. 1H NMR (CD3CN): δ 1.21(d, 12H,  J 5.7 Hz, 2(CH3)2CH); 1.27 (d, 
6H, J 6.4 Hz, (CH3)2CH); 1.41(d, 6H, J 6.0 Hz, ); 3.47 (sept., 2H, J 6.4 Hz, 2(CH3)2CH); 3.86 
(sept., 1H, J 6.7 Hz, (CH3)2CH); 4.40 (sept., 2H, J 6.2 Hz, 2(CH3)2CH); 7.71 (m, 3H).; 7.74 (m, 
2H); 13C NMR (CD3CN): δ 21.4, 21.5, 23.5, 51.0, 56.9, 59.6, 126.4, 128.3, 131.5, 133.4, 133.5, 
137.9, 165.8. Anal. Calcd. for C24H56N5SbCl6 (733.1): C, 39.32; H, 5.50; N, 9.55. Found: C, 
39.42; H, 5.67; N, 9.56%. 
3,5-Dicyclohexyl-2,4-dicyclohexylimino-1-isopropyl-6-phenyl-2,3,4,5-tetrahydro-1,3,5-
triazin-1-ium hexachloroantimonate (5h). White solid (63 %); mp 159-161 °C; IR (CH2Cl2) 
νmax (cm-1): 1690 (w), 1650 (m) , 1600 (w), 1400 (br); 13C NMR (CDCl3): δ 23.8, 23.9, 24.7, 
25.0, 25.1, 25.6, 26.1, 31.3, 33.2, 58.3, 58.4, 59.1, 63.4, 67.43, 125.3, 126.5, 131.1, 133.0, 136.0, 
136.3, 165.0. Anal. Calcd. for C36H56N5SbCl6 (893.3): C, 48.40; H, 6.32; N, 7.70. Found: C, 
48.19; H, 6.49; N, 7.70%. 
2,3-Di-tert-butylimino-1-isopropyl-3,5-dimethyl-6-phenyl-2,3,4,5-tetrahydro-1,3,5-triazin-1-
ium hexachloroantimonate (5i). White solid (64 %); mp 137-139 °C; IR (CH2Cl2) νmax (cm-1): 



Issue 5th Eurasian Conference on Heterocyclic Chemistry                                            ARKIVOC 2009 (ix) 13-20 

ISSN 1551-7012                                                       Page 19                                                         ©ARKAT USA, Inc. 

1700, 1670, 1600, 1550, 1400 (br). 1H NMR (CD2Cl2): δ 1.44 (s, 9H, (CH3)3C), 1.47 (d, 6H, J = 
6.8 Hz, (CH3)2CH), 1.49 (s, 9H, (CH3)3C), 3.08 (s, 3H, CH3), 3.23 (s, 3H, CH3), 3.97 (sept., 1H, 
J 6.8 Hz, (CH3)2CH ), 7.49-7.78 (m, 5H). 13C NMR (CD2Cl2): δ 21.8, 29.2, 29.8, 30.6, 31.2, 
39.4, 45.7, 56.0, 57.6, 58.9, 126.5, 127.4, 127.9, 129.2, 131.0, 133.1, 133.3, 133.4, 134.5, 165.4; 
Anal. Calcd. for C21H42N5SbCl6 (699.1): C, 36.08; H, 6.06; N, 10.02. Found: C, 35.99; H, 5.92; 
N, 9.91%. 
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