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The reaction of 1-cyanoacetyl-3,5-dimethylpyrazole with 2-
cyanoacrylamides in the presence of Et3N leads to triethylammonium 3,5-dicyano-
6-oxo-1,4,5,6-tetrahydropyridine-2-olates (salts of Guareschi imides). The latter 
reacted with primary amines RNH2 and an excess of HCHO to give 
triethylammonium salts of 7-R-2,4-dioxo-3,7-diazabicyclo[3.3.1]nonane-1,5-
dicarbonitriles. When treated with HCl or alkyl halides, the salts afforded 
corresponding 3-R- or 3,7-disubstituted bispidines. 
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Introduction 
2,6-Dioxopiperidin-3,5-dicarbonitriles (also known as Guareschi imides) 

which are easily accessible by condensation of ketones, cyanoacetic ester and 
ammonia [1-3], during its more than a century’s history have proved to be suitable 
reagents for synthesis of glutarimide derivatives, 3,3-disubstituted glutaric acids, 
pyridine-2(1H)-ones, etc. A survey of literature reveals the only way to obtain 
bispidines (derivatives of 3,7-diazabicyclo[3.3.1]nonane) starting from Guareschi 
imides based on an acid hydrolysis of the nitrile groups [4-8]. Such compounds are 
of interest as intermediates in the synthesis of anti-ischemic agents [9] and 
sparteine-type alkaloids [10]. 

Previously we have described a convenient synthesis of salts of 4-
monosubstituted Guareschi imides by reaction of 3-aryl-2-cyanoacrylamides with 
1-cyanoacetyl-3,5-dimethylpyrazole [11, 12]. These compounds, as well as other 
long time known 2,6-dioxopiperidin-3,5-dicarbonitriles, are of interest as C-3/C-5-
dinucleophilic substrates to prepare bispidines by double Mannich-type 
aminomethylation. The Mannich reaction of 3,5-dinucleophilic pyridine species is 
one of the most common methods for synthesis of 3,7-diazabicyclo[3.3.1]nonane 
derivatives [13, 14]. However, no data on the aminomethylation of Guareschi 
imides was reported in the literature to date.  

We found that the reaction of glutarimide salts 1 with primary amines and an 
excess of HCHO proceeds under mild conditions and results in the formation of 
triethylammonium salts of 2,4-dioxo-3,7-diazabicyclo[3.3.1]nonanes (bispidinates) 
2. Upon treatment with acids, bispidinates 2 afforded expected bispidines 3. When 
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treated with alkyl halides, bispidinates undergo N-alkylation to give 
diazobicyclononanes 4. Finally, the reaction of salts 1 with primary α,ω-diamines 
under Mannich conditions followed by acidification gave compounds 5, albeit in 
low yields. 
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These transformations demonstrate the first example for the synthesis of 3,7-

diazabicyclo[3.3.1]nonanes starting from Guareschi imides. The structure of 
compounds 2 and 3a,b was confirmed by 1H NMR spectroscopy, IR spectroscopy, 
HPLC-MS and elemental analysis. Optimization of the conditions, the scope and 
limitations of the method will be reported elsewhere.  

 
Experimental  
1H NMR spectra were recorded on Bruker DPX-400 (400.40 MHz) in 

DMSO-d6, with TMS as an internal standard. IR spectra were recorded on an 
Thermo Nicolet Magna IR 750 FTIR Spectrometer (KBr). HPLC-MS analysis was 
performed on liquid chromatograph Shimadzu LC-10AD with detectors Shimadzu 
SP D-10A UV-Vis (254 nm) and Sedex 75 ELSD, combined with a PE SCIEX 
API 150EX mass spectrometer, ionization method ES-API. Elemental analysis was 
performed on Carlo-Erba 1106 elemental analyser. The purity of all obtained 
compounds was checked by TLC on Sorbfil PTLC-AF-B-UV plates with acetone–
hexane (1:1) as eluent; spots were visualized with iodine vapors and UV light. 
Melting points were determined on Electrothermal Mel-Temp 3.0 apparatus and 
are uncorrected. Starting tetrahydropyridine-2-olates 1 were prepared by known 
methods [11, 12]. 

Triethylammonium salts of 2,4-dioxo-3,7-diazabicyclo[3.3.1]nonanes (2), 
bispidines (3, 5). General procedure. A 50 ml beaker was charged with 1.05 
mmol of tetrahydropyridine-2-olate 1, then 1.1 mmol of primary amine (0.55 mmol 
of diamine), 10 ml of 96% EtOH, and 1.0 ml (13.3 mmol) of 37% HCHO were 
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added under vigorous stirring. The solution was gently boiled for 1 min and then 
stirred for 3-4 h at ~20 °C. The mixture was kept for 24-72 h at ambient 
temperature, the precipitate was filtered off, washed with EtOH and ether. 
Bispidines 3,5 were obtained when the reaction mixture was treated with 3-5 ml of 
96% EtOH and 10% aq. HCl until pH=2 was reached. After 48 hours, the 
precipitate was filtered off, washed with 50% EtOH, ether and dried. 

Alkylation of bispidinates (2). General procedure. To a clear solution of 
1.0 mmol of salt 2 in 2.0 mL of DMF, 1.0 mmol of alkyl halide was added. The 
mixture was kept for 72 h at 20 °C, diluted with water, the obtained solid was 
collected and recrystallized from EtOH to give N-alkyl derivatives 4. 

Representative spectral data. Triethylammonium salt of 7-benzyl-9-(2-
chlorophenyl)-2,4-dioxo-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarbonitrile (2, 
Ar = 2-ClC6H4, R = CH2Ph). Yield 69%, colorless crystals. FTIR-spectrum 
(KBr), ν, cm-1: 3441 (N-H), 2240 (C≡N), 1718, 1661 (C=O), 1608 (C=C). 1H 
NMR spectrum (400 MHz, DMSO-d6), δ, ppm: 1.07 (9H, t, 3J = 7.1, Et), 2.81 (6H, 
q, 3J = 7.1, Et), 2.99 (2H, d , 2J = 10.8, H-6, H-8), 3.33 (2H, d, 2J = 10.8, H-6, H-8), 
3.72 (2H, br.s, CH2Ph); 4.36 (1H, c, H-9), 7.22-7.45 (8H, m, H-Ar); 7.60-7.62 (1H, 
m, H-Ar). Mass spectrum, m/z (ES-API): 102.3 [Et3NH]+, 405.3 [(M-101) + H]+, 
809.0 [2(M-101) + H]+. Found, %: C 66.50; H 6.49; N 13.92. C28H32ClN5O2 (M 
506.04). Calculated, %: C 66.46; H 6.37; N 13.84. 
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