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N-( 1-Haloalky1)azinium halides react with methyl 3-amino-2- 
butenoate to yield 4-substituted dimethyl 1,4-dihydro-2,6-di- 
methyl-3,5-pyridinedicarboxylates. The rates of formation of 

the latter compounds are monitored by 'H-NMR spectroscopy. 
Mechanistic and practical considerations are discussed. 

Recently, we have reported[','] on the formation of N-( l-haloal- 
ky1)azinium halides 4 from equimolar amounts of a thionyl halide 
1, an N-heteroaromatic system 2, and an aldehyde 3 (Scheme 1). 
Such salts are efficient precursors for the synthesis of a wide range 
of heterocycles among which are imidazolidines[31 and 1,4-dihydro- 
pyridinesr4]. As we needed to improve experimental procedures['], 
it was imperative to collect kinetic data in order to determine the 
various factors governing the reactivity of salts 4. In addition this 
would be an important source of mechanistic information. We de- 
cided to monitor the formation of 4-substituted dimethyl 1,4-di- 
hydro-2,6-dimethyl-3,5-pyridinedicarboxylates 6 from (not isolated) 
N-( 1-haloa1kyl)azinium halides 4 and methyl 3-amino-2-butenoate 
(5) (Scheme 1) under experimental conditions that are particularly 
suitable for a quantitative 'H-NMR study. Indeed, syntheses can 
be carried out at room temperature in dichloromethane in which 
both reactants and final products are soluble. They give rise to 
typical signals that do not interfere with the solvent peak and that 
do not overlap. Moreover, side reactions are rare. 

It has been suggested earlier['] that N-(1-haloa1kyl)azinium hal- 
ides 4 react with nucleophiles by displacement of the halogen atom 
in the rate-determining step. Our results confirm this since N- 
[bromo(phenyl)methyl]pyridinium bromide (4a) reacts faster than 
N-[chloro(phenyl)methyl]pyridinium chloride (4 b) (Table 1, first 
block). Moreover, reactions involving N-( 1 -chloroalkyl)azinium 
chlorides derived from aromatic aldehydes are faster than those 
involving salts derived from aliphatic aldehydes (Table 1, second 
block). We have also observed that N-[chloro(phenyl)methyl]pyri- 
dinium chloride (4b) is less reactive than salts obtained from sub- 
stituted benzaldehydes whatever the nature of the substituent (elec- 
tron-withdrawing or electron-donating). This parallels the reactivity 
of benzyl chlorides towards the thiosulfate ionc6,'! the rates are 
represented by a series of U-shaped Hammett equation plots. Since 
such reactions are believed to proceed via an SN2 mechanism, the 
latter should apply to syntheses involving salts 4. 

We also determined the effect of the heteroarenium moiety on 
the behavior of salts 4. For this purpose, N-[chloro(phenyl)methyl]- 
azinium chlorides and the analogous N-( 1 -chloro-2-methylpro- 
py1)azinium chlorides were prepared and subjected to reaction with 

methyl 3-amino-2-butenoate (5) (Table 1, third and fourth block). 
In both series a dramatic influence of the electron-withdrawing 
strength of the heteroarenium group was observed: pyrimidinium 
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Pyridine (2a) C,H, (3a) 
Pyridine (2a) i Pr (3b) 
Pyridine (2a) 4-(NC)C,H, (3c) 
Pyridine (2a) 4-(H3CO)C6H4 (3d) 
3-Me-Pyridine (2b) C,H, (3a) 
3-Br-Pyridine (2c) C,H, (3a) 
lsoquinoline (2d) C,H, (3a) 
Pyrimidine (2e) C6H5 (3a) 
3-Me-Pyridine (2b) i Pr (3b) 
3-Br-Pyridine (2c) i Pr (3b) 
lsoquinoline (2d) i Pr (3b) 
Pyrimidine (2e) i Pr (3b) 
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Table 1. Time dependence of the formation of dihydropyridines 6 
(Scheme 1) 

Time [h] 
0.25 
1 
3 

6a [%] from 
48 4b 
40 20 
75 45 
90 60 

0.25 
1 
3 

6 [%] from 
4e 4d 4b 4c 
75 60 25 10 
95 90 45 20 

60 30 

0.25 
1 
3 
24 

6a [Yo] from 
49, 4h, 4i 4b 4f 
>95 20 <I0  

40 10 
60 30 

>95 60 

6b [Yo] from 
41. 4m 4k 4c 4j 

0.25 >95 20 10 <lo 
1 45 15 <lo 
3 70 30 4 0  
24 95 95 <lo 

and isoquinolinium salts are the most reactive, followed by the 
pyridinium salts hearing (on the heterocycle) an electron-withdraw- 
ing group, then by the pyridinium salt (unsubstituted on the het- 
erocycle), and finally, by the pyridinium salts bearing (on the het- 
erocycle) an electron-donating group. 

From a practical viewpoint, our data reveal that conversion of 
aldehydes into the corresponding N-( 1-haloalky1)azinium halides is 
a useful reaction for benzaldehydes bearing an electron-withdraw- 
ing group: the latter react poorly (at the carbon atom of the car- 
bony1 function) in comparison with benzaldehyde itself or with al- 
iphatic aldehydes. Conversion into the salts allows to reverse that 
classical sequence. In addition, when overall yields are good, they 
depend only slightly on the nature of the heterocycle used to effect 
the conversion. Therefore, compromises between the rate of for- 
mation of N-( 1-haloalky1)azinium halidesP' and their reactivity can 
be found. Finally, the wide range of applicability of the reaction 
yielding N-( 1 -haloalkyl)azinium halides enables us to choose the 
most appropriate heterocycle according to other special require- 
ments such as the ease of the workup procedure, the necessity to 
recycle the heterocycle, its solubility in various solvents, etc. 

We are indebted to M. Hoogstoel (Reilly Chemicals, Belgium) 
for providing pyrimidine and to UCB s.a. (Belgium) for financial 
support. E. A. gratefully acknowledges support by the Deutsche 
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Experiment a1 
Melting points (uncorrected): Hot-stage microscope. - IR: Per- 

kin-Elmer 577. - 'H N M R  Varian EM-360 L (TMS as internal 

bramont-Chevigny; Belgium). - Materials: Reagents are commer- 
cially available and were purified, if necessary, by classical methods 
(distillation or recrystallization). Dichloromethane was distilled and 
dried over molecular sieves. 

General P r o c e d ~ r e [ ~ , ~ ~  A solution of thionyl halide (12 mmol) in 
dichloromethane (12 ml) was cooled to 0°C. A solution of the het- 
erocycle (12 mmol) in dichloromethane (6 ml) was added dropwise, 
followed by a solution of the aldehyde (10 mmol) in dichlorome- 
thane (5 ml). The mixture was allowed to warm to room temper- 
ature until complete disappearance of the aldehyde (reaction times 
have been reportedc2'). Methyl 3-amin0-2-butenoate~~~ C3.45 g (30 
mmol)] was added slowly, and samples of the reaction mixture were 
analyzed regularly by 'H NMR. Side reactions occurred rarely or 
~ l o w l y [ ~ , ~ ~ ,  so that quantitative data were obtained by measuring 
the decrease of the integrated intensities of peaks due to the het- 
eroarenium moiety. Compounds 4a['], b[*], dZ1, d[91, eI3I. f['], g[*], h['], 
i['], jr8], kL2], I['], m ['I, 6a['01, c [ " ~  have been described in the literature, 
and they were fully characterized on the basis of their spectral data. 

Dimethyl 1,4-Dihydro-4-(1-methylethyl)-2,6-dimethyl-3,5-pyridi- 
nedicarboxylate (6b): 6b from 4m and 5 C2.89 g, (90%)], m.p. 
168-169°C [EtOH/H20 (l:l)]. - IR (KBr): 0=3320 cm-' 
(N-H), 1680 (C=O). - 'H NMR (CDC13): 6 =0.8 [d, J =  7 Hz, 
6H, CH(CH3)2], 1.5 [m, J =  7 Hz, l H ,  CH(CH,)J, 2.3 (s, 6H, 2-, 
6-CH3), 3.7 (s, 6H, OCH,), 3.9 (d, J =  7 Hz, 1 H, 4-H), 6.1 (hr. 1 H, 
NH). 

CI4Hz1NO4 (267.3) Calcd. C 62.90 H 7.92 N 5.24 
Found C 63.27 H 8.06 N 5.25 

Dimethyl 1,4-Dihydro-4-(4-methoxyphenyl)-2,6-dimethyl-3,5- 
pyridinedicarboxylate (6d): 6d from 4e and 5 C3.58 g, (90%)], m.p. 
192-194°C (EtOH). - IR (KBr): 0 = 3350 cm-' (NH), 1690 

CO'CH,), 3.8 (s, 3H, OCH3), 4.9 (s, 1 H, 4-H), 6.1 (br. 1 H, NH), 
6.6 - 7.3 (m, 4 H, aromatic H). 

(C=O). - 'H NMR (CDCIJ: 6 = 2.3 (s, 6H, 2-, 6-CH3), 3.7 (s, 6H, 

C18H21N05 (331.4) Calcd. C 65.24 H 6.39 N 4.23 
Found C 65.57 H 6.33 N 4.26 
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