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Aromatic aldehydes react with piperidine in the presence of acetic acid with azeotropic removal of water to give 3,5- 
dibenzylpyridines. A possible mechanism for the beta condensation of piperidine is suggested. 

A new method for the preparation of dialkyl- 
aminostyryl derivatives of pyridine and quinoline, 
and their N-oxides was recently described by Parker 
and Fursta2 Briefly, this method involves condensa- 
tion of 2- or 4-methyl substituted heterocyclic bases 
with aromatic aldehydes in the presence of piperi- 
dinium acetate while removing the water formed 
azeotropically by means of toluene. Thus, the prep- 
aration of certain styryl derivatives difficultly ac- 
cessible by other reported methods was achieved in 
our laboratory by the piperidinium acetate method 
(Table I). However, as noted by Parker and Furst, 
certain combinations of heterocyclic bases and aro- 
matic aldehydes led to unexpected products. The 
identification of these anomalous products and the 
reactions by which they arise are discussed in this 
paper. 

As reported by Parker and Furst, the condensa- 
tion of 2-methylquinoxaline with 4-dimethylamino- 
benzaldehyde under azeotropic conditions in the 
presence of piperidinium acetate indeed gave the 
styryl compound in good yield (82%). However, the 
reaction of 2-methylpyrazine and 4-dimethylamino- 
benzaldehyde under similar conditions gave no 
styryl base, and only a small amount of unidentified 
product, C23H27N3, apparently identical to “Com- 
pound A” obtained by Parker and Furst. Similarly, 
anisaldehyde failed to condense with either y-pico- 
line or lepidine under the conditions of the piperi- 
dinium acetate method. Instead, a product with the 
empirical formula C21H2,N02 was isolated in both 
of these instances. Hence, i t  was concluded that the 
heterocyclic bases y-picoline and lepidine were not 
involved in the formation of the anomalous prod- 
ucts. 

The reaction of benzaldehyde with piperidinium 
acetate in the absence of any other heterocyclic 
base was next investigated. Such a reaction yielded 
a product with the empirical formula CIgH17N, 
which appeared to correspond to the parent member 
of the series of “Compounds A and B” of Parker and 
Furst, as well as the compound derived from anis- 
aldehyde. A clue to the possible identity of these 

(1) (a) Presented at the 139th Meeting of the American 
Chemical Society, St. Louis, Mo., March 27, 1961, Ab- 
stracts of Papers, p. 18-0. (b) Present address: Chemical 
Abstracts, Ohio State University, Columbus, Ohio. 

(2) Elizabeth D. Parker and A. Furst, J .  Org. Chem., 23, 
201 (1958). 

anomalous products was uncovered when it  was 
noted that Rugheimer3 obtained 3,5-dibenzylpyri- 
dine, CI9H17X, m.p. 89’, by heating N-benzoyl- 
piperidine and a slight excess of benzaldehyde a t  
240-250’ in a sealed tube. When this reaction was 
repeated, the product obtained was identical with 

&O + 3CsH&HO 240-250-, 

‘ CH&& 4 CCHBCOOH + CsHsCH2OH 

0 
c6H5cH2Q + HLO 

the ClgHl7N product isolated from the reaction of 
benzaldehyde with piperidinium acetate. Both 
products melted a t  89-90”, and a mixture showed 
no melting point depression. 

Rugheimer characterized his dibenzylpyridine by 
identification of 3,5-dibenzoylpyridine and pyridine- 
3,5-dicarboxylic acid from its permanganate oxida- 
tion products. We, however, verified his structure 
assignment via a synthetic route. Thus, 3,j-pyri- 
dinedicarboxylic acid was converted through the 
acid chloride to 3,5-dibenzoylpyridine by a Friedel- 
Crafts reaction, and the diketone was subsequently 
reduced to 3,5dibenzylpyridine by the Clemmenseri 
method. The synthesized product proved to be iden- 
tical with the dibenzylpyridine obtained via the 
condensation of piperidinium acetate, or benzoyl- 
piperidine, with benzaldehyde. It was then genera- 
lized that “Compounds A and B,” reported by 
Parker and Furst, probably are 3,5-bis(4-dialkyl- 
aminobenzyl)pyridines, (I). 

R R 

I 
a. “Compound A,” R = CHa 
b. “Compound B,” R = CtHs 

The formation of 3,5-dibenzyl- and 3,5-dipicolyl- 
pyridines by condensation of piperidine with appro- 

(3) Riigheimer, Ber., 24, 2186 (1891); Ber., 25,  2421 
(1892); Ann., 280, 41 (1894). 
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priate aromatic and heterocyclic aldehydes can be 
explained via tertiary iminium chemistry. Studies 
by Schbpf et d.4 and by Leonard and Hauck6 have 
indicated that the &methylene of Al-tetrahydNk 
pyridinium structures 01) ahodd be d c i e n t l y  

p 
I 

R 
I1 

active for condensation with aldehydes. Therefore, 
the following sequence of transformations is pro- 
posed to account for Mondensation of piperidine to 
yield ultimately 3,5disubstituted pyridines. 

Q -  Q -  Q I 

II I 
H ArCH 
+ I11 IV 

M H z  

ArCHO 

ArCH2 

YJCHzAr ArCHz 
ArCHzOAc + 

Bispiperidino products (V) aLS0 condense with 

a I 
R-7-H 

U 
V 

R = H, C a ,  4 W e N  

aldehydes under the influence of acetic acid and 
with the amtropic removal of water to form 3,s 
disubstituted pyridines. However, the acid presum- 
ably regenerates the Schiff base (III) from which 
the active tertiary iminium (IV) salt is derived. 

EXPERIMENTAL6 

Prepccrrrtion of stml 6a.w via fhe pipcl.idinim aalafc 
aEedrvpc method. The method used for  the^ preparatiom 

(4) C. Schapf, F. Braun, and A. Komsak, C". Be., 
89, 1821 (1956). 

(5) N. J. Leonard and F. R. Hauck, Jr., J. Am. Chem. 
Soc., 79, 5279 (1967). 

(6) All mdting point. are u n d  
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was essentially identical to that described by Parker and 
Furst.2 Thus, 0.1 mole of heterocyclic base, 0.11 mole of 
appropriate aldehyde, 5 ml. of piperidine, and 4 ml. of 
acetic acid were mixed in 150 ml. of toluene, and the solution 
waa refluxed under a Dean-Stark trap until water waa no 
longer liberated. Most of the toluene was then removed 
via the Dan-Stark trap. In many instances, the styryl 
base crystallized from the sirupy concentrate. However, it  
was frequently necessary to remove all the toluenc under 
reduced pressure before crystallization could be induced. 
Moreover, 2-(4-dimethylaminostyryl)pyrazine required vac- 
uum distillation hefore it would crystallize. In  general, 
final purification of the styryl bases waa effected by recrystal- 
lization from methanol, ethanol or ethanol-benzene. Table I 
summarizes the mnlh of these preparations. 

Preparation of 3,5-dibmylpyridim. (n )  By condensation 
of benzaldehyde with piperidinaum aceta. A mixture of 31.8 
g. (0.3 mole) of benzaldehyde, 15 ml. (12.9 g., 0.15 mole) 
of piperidine, and 12 ml. (12.6 g., 0.21 mole) of glacial acetic 
acid in 250 ml. of toluene was refluxed under a Dean-Stark 
trap. The volume of aqueous phase that accumulated in the 
Dean-Stark trap amounted to  9.0 ml. alter 8 hr. and 9.7 ml. 
after 24 hr. Titration of the total aqueous phase with 0.5N 
sodium hydroxide showed an approximate composition of 
3.1 ml. (3.25 g., 0.054 mole) of acetic acid and 6.6 ml. (0.37 
mole) of water. These values of acetic acid and water are 
reasonably close to the values of 0.05 mole excess of acetic 
acid and 0.3 mole of water of reaction calculated according 
to the proposed course of reaction. The deviations from 
theory presumably arose from the formation of intractable 
tars and resins that amounted to about 20% of the reaction 
products. 

After the removal of toluene by distillation at atmospheric 
pressure, distillation of the residual oil gave three main 
fractions and a residue: 

~ 

Frat- Weight, 
tion G .  B.P. (Mm.) Characteristics 

A 6 . 3  58(0.70)- Nearly colorless oil 
98 (0.45) with ester-like 

odor 

solidified 

viscous oil 

due 

B 11.9 165-195 (0.55) Yellow oil that 

C 13.2 210-255 (0.45) Yellowish brown, 

I) 7.2 - Brown, glassy resi- 

Redistillation of Frnrtion A through a &in. Vigreux 
column yielded 3.2 g. of a colorlcss oil, b.p. 104" (20 mm.), 
ny 1.5033, with an ester-like odor. The presence of strong 
absorption at 5.75 p of the infrared spectrum of this oil 
seemed to confirm the ester nature of the oil. Henre, i t  waa 
saponified and the alcohol moiety of the ester was identified 
as benzyl alcohol via the a-naphthylurethane derivative; 
white silky needles from ligroin and chloroform, m.p. 131- 
131'. The urethane derivative did not depress the melting 
point of the a-naphtliylurethane dcrivative of an authentic 
specimen of benzyl alcohol. A sample of benzyl acetate was 
then prepared and its b.p. of 104' (20 mm.), and ny 1.5031 
were in exrellent agreement with those recorded from the 
sample of redistilled Frartion A. 

Crystallization of Fraction B using petroleum ether (b.p. 
30-GO') with a little ethyl alcohol yielded 5.45 g. of yellowish 
white crystals, m.p. 86-89'. Another Crystallization of this 
product using ligroin removed the colored impurities and 
gave 5.1 g. of pure 3,5-dibenzylpyridine, m.p. 88.5-89", 
which WSB identical with the product obtained from benaoyl- 
pyridine and benzaldehyde.8 Another 3.3 g. of dibenzylpyri- 
dine was recovered by redistillation of Fraction C. Over-all 
yield of 3,5dibenzylpyridine baaed on the aldehyde used 
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was 43%) assuming that four moles of aldehyde are re- 
quired per mole of product. 

Anal. Calcd. for CleHnN: C, 88.0; H, 6.55; N, 5.4. 
Found: C, 87.8; H, 6.5; N, 5.4. 

The hydrochloride salt had a m.p. of 170-171'. 
As summarized in Table I1 this method is applicable to  

other aromatic aldehydes to yield the corresponding 3,5- 
bis( arylmethy1)pyridines. 

(b)  By condensation of N-benzoylpiperidine with benzalde- 
hyde. Riigheimera reported a 72% yield of 3,5-dibenzylpyri- 
dine by heating a mixture of N-benzoylpiperidine and 2.15 
mole equivalents of benzaldehyde in a sealed tube at 250' 
for 6 hr. However, i t  wm necessary to employ conditions 
more stringent than those of Rugheimer when such a reaction 
was conducted in a stainless steel microbomb. Thus, in a 
reaction carried out at 250' for 6 hr., none of the dibenzyl- 
pyridine was isolated. Prolonging the heating time a t  250' 
to 24 hr. gave 17.5(r0 of the desired product. However, 
reaction at 300' for 12 hr. increased the yield of distilled 
(b.p. 177"/0.23 mm.) and recrystallized 3,5-dibenzylpyri- 
dine, m.p. 89-90' (lit.3 m.p., 89') to 54%. The hydrochlc- 
ride salt melted a t  168-171' ( M a  m.p., 164.5-166') and did 
not depress the melting point of the product derived by 
reaction of benzaldehyde with piperidinium acetate. 

(c )  From S,5-pyridinedicarboxylic acid. A mixture of 50 
g. (0.3 mole) of 3,5-pyridinedicarboxylic acid and 150 ml. 
of thionyl chloride was refluxed for 16 hr. Excess thionyl 
chloride was removed by evaporation under reduced pres- 
sure; two 50-ml. portions of dry benzene were added and 
evaporated to remove the last of the thionyl chloride. The 

residual acid chloride was dissolved in 300 ml. of dry reagent 
benzene, and to this solution, cooled to  5 to  lo', was added 
200 g. of anhydrous aluminum chloride with stirring. The 
reaction mixture was permitted to  warm to room tempera- 
ture and then refluxed with stirring for 6 hr. The dark brown 
mixture was poured cautiously onto ice and hydrochloric 
acid, and the solid 3,5-dibenzoylpyridine which formed was 
collected by filtration. Additional product was obtained by 
concentration of the benzene layer of the filtrate; yield, 78.7 
g. (91 %); m.p. 122.5-123.5', unchanged after recrystalliza- 
tion from alcohol (lit.,s m.p., 123'). 

A solution of 14.3 g. (0.05 mole) of 3,5dibenzoylpyridine 
in 85 ml. of concd. hydrochloric acid and 100 ml. of water 
was added to 100 g. of amalgamated mossy zinc, and the 
mixture was boiled under reflux for 4 hr. in a manner similar 
to that described for reduction of 4benzoylpyridine to  4 
benzylpyridine.? A brown insoluble oil formed, and after 
separation by decantation, it was heated with 10% aqueous 
sodium hydroxide and benzene. The benzene layer was 
washed with water and the benzene removed by evaporation. 
The residual dark oil, which refused to crystallize, was 
distilled under reduced pressure, and the fraction boiling 
a t  173-178" (0.2 mm.) was collected as a pale yellow oil 
which was crystallized and recrystallized from petroleum 
ether (b.p. 60-110'); yield, 5.8 g. (45Y0); m.p. 89-90' 
(reported,3 m.p., 88.5-89"). 

COLUMBUS 1, OHIO 

(7) F. B. La Forge, J .  Am. Chem. Soc., 50, 2484 (1928). 
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2-Methyl-trans-2,4-pentadienoic acid and its methyl ester have been prepared from acrolein and the ylid S. Reaction of 
the same ylid with acetaldehyde afforded an ester mixture composed of 96.5% methyl tiglate and 3.570 methyl angelate. 
Reaction of methyl pyruvate with the ylid 16 produced an ester mixture composed of 68% methyl tiglate and 32% methyl 
angelate. 

In  order to synthesize a sample of methyl 2- 
methyl-2,4-pentadienoate ( I ) ,  needed for other 
synthetic work, we were led to consider various 
synthetic routes to a,p-unsaturated acids and their 
esters. The dienoic acid 2 has been prepared by the 
decarboxylative condensation of acrolein with 
malonic acid,2 a reaction which is generally appli- 
cable to aldehydes forming the trans a,p-unsaturated 
acids. s14 Although substituted malonic acids have 
been successfully employed in comparable con- 
densations with aromatic aldehydes,K the sensitiv- 
ity2 of the dienoic acid 2 to polymerization sug- 

( 1) National Science Foundation Predoctoral Fellow, 

(2) I. E. Muskat, B. C. Becker, and J. S. Lowenstein, 

(3) J. R. Johnson, Org. Reactions, 1, 210 (1942). 
(4) Cf. H. E. ZimmeIman and L. Ahramjian, J .  Am. 

(5) W. J. Gensler and E. Berman, J. Am. Chem. SOC., 

1958-61. 

J .  Am. Chem. Soc., 52,326 (1930). 

Chem. SOC., 81, 2086 (1959). 

80,4949 (1958). 

gested that the direct formation of the desired 
ester 1 from acrolein and the Wittig reagent S6-* 
would be a more satisfactory route. In accord with 
this expectation, the ester 1 was produced in 60% 
yield. The liquid product, which exhibited a 
single peak on gas chromatography, yielded a 
single crystalline acid 4 on saponification; treat- 
ment of this acid 4 with diazomethane regenerated 
the ester 1. Comparison of the ultraviolet spectra 
of the acid 4 [A,,, 251 mp (e  23,000) ] and the ester 
1 [A,,, 253 mp (e 24,300) ] with the spectra of 2 
[A,,, 244 mp (e 24,000) ] and 6 [A,,, 247 mp 
(e  20,600) ] indicated that product 4 possesses the 
indicated trans configuration. 

(6) 0. Mer, H. Gutmann, M. Montavon, R. Ruegg, G. 
Ryser, and P. Zeller, Helv. Chim. Acta, 40, 1242 (1957). 

(7) U. Schollkopf, Angew. Chem., 71, 260 (1959). 
(8) S. Trippett in R. A. Raphael, E. C. Taylor, and H. 

Wynberg, Advances in Organic Chemistry, Methods and Re- 
sults, Vol. 1, Interscience Publishers, Inc., New York, N. Y., 
1960, pp. 83-102. 


