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ABSTRACT 

The trichloroacetamidine intermediates, generated by addition of benzylamine derivatives 

to trichloroacetonitrile, react with the Knoevenagel condensation product of ninhydrin and 

malononitrile to afford trichloromethylated [3.3.3]propellanes, in good yields. When 

benzylamine was used, a plane-symmetrical spiro-compound was obtained.  
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Propellanes are defined as compounds having three non-zero bridges and one zero bridge 

between a pair of bridgehead carbons. The interesting chemical and physical properties of 

propellanes stem from their fascinating topology.1 The propellane skeleton is present in some 

natural products, and bioactive aza-propellane skeletons have been reported. Various methods 

for the synthesis of propellanes have been described.2 

The presence of a trihalomethyl group in a molecule can result in significant changes in 

its physical, chemical, and biological properties. Many bioactive trihalomethylated compounds 

have found important applications in medicine and agriculture.3 

As part of our studies on the development of new routes for the synthesis of 

trihalomethylated compounds,4 we herein report a tandem method for the synthesis of 

trichloromethylated [3.3.3]propellanes from trichloroacetamidine derivatives and the 

Knoevenagel condensation product of ninhydrin and malononitrile. 

Reaction of benzylamine derivatives 1 with trichloroacetonitrile (2), under solvent-free 

conditions, produced trichloroacetamidine derivatives 3 (Table 1). Addition of amidines 3 to a 

mixture of ninhydrin (4) and malononitrile (5) in CH2Cl2 at room temperature led to the 

formation of [3.3.3]propellanes 6.5 
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Table 1 

Synthesis of trichloromethylated [3.3.3]propellanes 6 
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Entry 1, 3, 6 Ar Yield of 6 (%) 

1 a 4-Me-C6H4 85 

2 b 4-MeO-C6H4 91 

3 c 4-Br-C6H4 81 

4 d 4-Cl-C6H4 88 

5 e 2-Cl-C6H4 78 

 

 

The structures of products 6 were deduced from their IR, 1H NMR, and 13C NMR 

spectral data and by single-crystal X-ray analysis of 6a. The 1H NMR spectrum of 6a showed 

two sharp singlets (δ 2.34 and δ 7.10) for the methyl and amino protons, and an AB-quartet for 

the methylene (δ 5.12) protons. In the 13C NMR spectrum, signals corresponding to the 

trichloromethyl, cyanide, and carbonyl groups of 6a were observed at δ 89.4, 116.1 and 193.9, 

respectively.6 
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Unequivocal evidence for the structure of 6a was obtained from single-crystal X-ray 

analysis.7 The ORTEP8 diagram of 6a is shown in Figure 1. The structure was deduced from the 

crystallographic data and those of 6b-e were assumed to be analogous on account of their NMR 

spectroscopic similarities. 

 

Figure 1. X-ray crystal structure (ORTEP) of 6a. 

 

         When benzylamine was used, plane-symmetrical 6'-amino-1'-benzyl-1,3-dioxo-2'-

(trichloromethyl)-1,3-dihydro-1'H-spiro[indene-2,4'-pyrimidine]-5'-carbonitrile (7), instead of 

the [3.3.3]propellane system, was obtained in 75% yield (Scheme 1).6 The 13C NMR spectrum of 

7 was consistent with the presence of a local plane of symmetry in the ninhydrin residue of the 

molecule. In addition, the observation of a singlet for the benzylic protons in the 1H NMR 

spectrum of 7 is in accord with this conclusion.  
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Scheme 1. Synthesis of spiro-compound 7. 

 

Although the detailed mechanism of this reaction remains to be clarified, a plausible 

mechanism for the formation of products 6 and 7 is shown in Scheme 2. It is conceivable that the 

reaction involves the initial formation of Knoevenagel adduct 8 between ninhydrin and 

malononitrile, which reacts with acetamidine 3 to produce 9. This intermediate undergoes 

proton-transfer to afford 10. Intermediate 10 can follow two paths: a) attack of the nitrogen atom 

on the carbonyl group, followed by formation of the propellane system 12, which is converted 

into product 6 by imine-enamine tautomerization in 13; and b) attack of the nitrogen atom on one 

of the cyanide groups to generate spiro-system 14, which affords product 7 via a proton shift and 

imine-enamine tautomerization (Scheme 2).  
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Scheme 2. Proposed mechanisms for the formation of products 6 and 7. 

 

It is not clear at present why benzylamine gives the spiro-compound 7 and 4-

methylbenzylamine gives the [3.3.3]propellane 6a. Since there is very little difference between 

benzylamine and 4-methylbenzylamine, we are unable to explain this difference in terms of 

steric and electronic effects.  However, the carbon atom of the carbonyl group in intermediate 10 

is a “harder” electrophile compared to the cyano group. Thus, benzylamine, being a “softer” 

nucleophile, prefers to attack the cyano carbon atom of 10 (see Scheme 2). 

In conclusion, the tandem reaction of trichloroacetonitrile, substituted benzylamines, 

ninhydrin and malononitrile leads to functionalized trichloromethylated [3.3.3]propellanes. 
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When benzylamine was used, a plane-symmetrical spiro-compound was obtained. The procedure 

described here has the advantage that the reaction is performed under neutral conditions. 
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