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Introduction and Statement of the Problem 

Although it had been demonstrated that the hydrogens of a -CR^ 

group in the 2-, 4-, or 6-position of an alkylpyridine methiodide 

were acidic, for example in the reaction of such pyridinium compounds 

with aromatic aldehydes (1), in only one case prior to 1960 had an 

alkylpyridine methiodide been used in a cyanoethylation. This was 

in 1956 when E. E. van Tamelen and coworkers (2) cyanoethylated 

2-methylpyridine methiodide in 347o yield using sodium methoxide as 

catalyst. In 1961 some preliminary studies by J. A. Adamcik 

and Kenneth Derrick showed that alkylpyridine methiodides could be 

cyanoethylated in good yield employing weakly basic triethylamine 

as catalyst. 

It was at this point that the research described here began, 

the original purpose being to study the reaction as a synthesis, 

investigating its scope, the effect of varying conditions, and the 

nature of the products. Such a synthesis would be a useful route to 

the preparation of higher substituted alkylpyridines according to 

the following scheme; 

© 

CH2=CH-CN 
BASE 

-> 

CH2CH2CN)3' 

I 0 



fcH2CH2CN\ 

IN VACUO 

© 

C(CH2CH2CN)3 

The value in such a synthetic route is that the -CN group introduced 

in cyanoethylations is readily hydrolyzed to the amide (-CONH2) or 

acid (-COOH) and readily reduced to the amine (-CH2NH2) and thus 

presents a wide variety of organic reactions to the command of the 

investigator. 

Since it would be expected that all acidic hydrogens would be 

replaced by cyanoethyl groups, it was surprising that not all the 

active hydrogens were replaced. However on consideration of the 

steric requirements of the intermediate anhydro base, a theory was 

evolved which allowed prediction of the number of cyanoethyl groups 

which would enter the parent pyridinium compound. Deliberate 

syntheses were then attempted to test the theory. 

An investigation of the general scope of the reaction led to 

the trial of other unsaturated compounds activated by fiC electron 

withdrawing groups in place of acrylonitrile as the adduct. The 

reaction was also extended to pyridinium compounds other than the 

methiodides. 



Survey of the Literature 

The original Michael condensation consisted of addition of an 

addend or donor molecule which had a hydrogen atom located in the 

e( position with respect to a carbonyl (and therefore labile) to an 

acceptor molecule which had a carbon-carbon double bond conjugated 

with a carbonyl according to the following scheme: 

R-C-C- + -C=C-iR' -5^SE^ f^-U-C-tlR' 
H 

The scope of the original Michael condensation has been extended to 

include addends and acceptors activated by groups other than carbonyl 

and carbalkoxyl; the extended reaction has been reviewed by Bergmann, 

Ginsburg, and Pappo (3). The extended Michael reaction, then, 

includes acrylonitrile as an acceptor molecule. 

The cyanoethylation reaction is the addition of the cyanoethyl 

(-CH2CH2CN) group to a molecule. The usual way in which a cyanoethyl 

group is added is via a Michael-type reaction with acrylonitrile as an 

acceptor. In a reaction of this type a base removes a reactive 

hydrogen atom as a proton; the resulting anion then attacks acrylonitrile, 

Addition of a proton teiminates the reaction. The general mechanism 

may be represented (4)(5) as follows: 
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z z _ ? © 
R-C-H ^^^^) R-C0 CH2-CH-CN ^ R-C-CH^TCH-CN 

Y - H ^ Y Y 

Z 0 Qu© Z 
R-C-CHgCH-CN > R-C-CH2CH2CN 4- B 

Y 
I 

Bruson (6) has pointed out that under the usual conditions every 

available reactive hydrogen atom becomes replaced by the cyanoethyl 

group. 

The reactive hydrogen atom in the mechanism above is activated 

by typical electron withdrawing groups. Often both Z and Y are such 

electron withdrawing groups; yet if one is powerful enough, the other 

may be unnecessary. The usual electron attracting groups are -COOR, 

-CO-R, -CN, -CONH2, -NO2, -SO2R, -CHO, etc. 

Unlike the Michael reaction, which involves the formation of a 

carbon to carbon bond, the cyanoethylation reaction may result in a 

bond from carbon to any atom which previously held a labile hydrogen. 

Thus alcohols (7)(8)(9) or water (10) can be cyanoethylated at the 

oxygen atom; ammonia (11), amines (11), amides (12), imides (12), 

and lactams (12) can be cyanoethylated at the nitrogen atom; arsines 

(13) can be cyanoethylated at the arsenic atom; and inorganic acids 

also can be cyanoethylated (14)(15). The list above is by no means 

complete and more examples may be found in the review by Bruson (16) 

on the addition of acrylonitrile to molecules. The general subject 

has also been reviewed by Bayer (17). 



Often the cyanoethylation reaction is reversible (acrylonitrile 

is liberated), especially if the cyanoethyl group be attached to 

nitrogen or oxygen atoms. The cyanoethylation of alcohols (18) is 

an equilibrium reaction; thus alcohols, especially tertiary alcohols, 

can be used as solvents for many cyanoethylation reactions. The 

ready reversibility of the formation of N-cyanoethylated oC-amino 

acids has been demonstrated by Butskus and Denis (19). 

The addition of the cyanoethyl group by means other than 

addition of acrylonitrile has been reviewed by Butskus (20). 

Chemists have known for many years that pyridine and quinoline 

systems, which have alkyl substituents in the 2 or 4 position, could 

be forced to condense with aromatic aldehydes to give stilbene 

derivatives. Yet because of the high pressures and temperatures 

necessary, the reactions usually gave poor yields. As early as 

1912, Kaufmann and Vallete (21) showed that the methiodides of the 

methylpyridines and quinolines could undergo similar reactions 

(condensation of £-nitrosodimethylaniline with the methiodides of 

quinaldine, lepidine, and 2-methylpyridine) under much milder 

conditions in higher yields. That the condensations proceed so 

readily seems to be due to the ease of formation of the intermediate 

anhydro base in the presence of basic catalysts. The stability of 

the anhydro base may be attributed to the delocalization of charge 

demonstrated by the following resonance structures: 



< — > 

Indeed, in some instances the anhydro base may be stable enough to 

be isolated, as shown by Mills and Raper (1) who isolated I as an 

oil and II as bright yellow crystals: 

CH2CH3 
II. 

The mechanism of the reaction of substituted pyridine alkyl-

iodides with aldehydes has been discussed by Phillips (22). The 

reaction seems to be sterically controlled; the mechanism will be 

discussed later in the light of current results with the addition of 

aciylonitrile to alkylpyridine methiodides. 



A large number of the U- or Y-stilbazole alkyl halide products 

have been prepared, many because of the importance of the products as 

dyes, photosensitizers (23), and antiseptic agents (24)(25). 

Illustrative examples may be found in references (26), (27), and 

(28). A ready route to the Ur ^^ ^-stilbazole lies in the removal 

of the alkyl halide by heat under high vacuum as has been demonstrated 

by Mustafa and Hilmy (27) and by Williams and coworkers (29) (30). 

The usual conditions (25) under which aromatic aldehydes are 

condensed with substituted pyridine alkylhalides are by refluxing the 

pyridine alkyl halide in absolute methanol or ethanol in the presence 

of a few drops of piperidine. Other methods for preparation of the 

styry Ipyri dines have been summarized by Williams (30). 

In only one case (2) prior to the present work, has the cyano

ethylation of an alkylpyridine alkyl halide been successfully 

attempted; van Tamelen and coworkers refluxed 2-methylpyridine 

meiJ:iiodide, acrylonitrile, and methanol with a small amount of sodium 

methoxide for 12 hours. Adamcik and Miklasiewicz (31) have shown 

that triethylamine is often a good cyanoethylation catalyst and that 

the rate of the reaction is increased with increasing solvating 

ability of solvent. In the present work, the use of triethylamine 

and water has resulted in an increased yield of dicyanoethylated 

2-methylpyridine methiodide. 

The direct cyanoethylation of alkylpyridines has been demonstrated 

by Cislak. Cislak (32) used molten sodium as catalyst and claimed to 

obtain the mono- or dicyanoethylated product depending on the amount 
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of acrylonitrile used. Cislak (33) was also able to introduce the 

cyanoethyl group by reacting a monocyanoethylated alkylpyridine with 

sodamide followed by reaction with 2-chloropropionitrile. The above 

reactions are in the patent literature and no yields are given and 

the products are only sketchily characterized. 

Carelli (34) has not only shown that 2-(1-cyanopropyl)pyridine 

can be cyanoethylated by the method of Cislak (32) but also that 

2-(cyanomethyl)pyridine reacts with ethyl acrylate under similar 

conditions. 



Experimental 

Notes 

Elemental analyses were done by Schwarzkopf Microanalytical 

Laboratory. Unless otherwise stated, the analytical samples were 

prepared as follows: The last crystallization from the solvent 

indicated was prefiltered (while in solution) through sintered glass. 

The crystals were dried 24 hours in a vacuum desiccator over calcium 

chloride and 24 hours in a vacuum drying pistol over phosphorous 

pentoxide and suxroxmded by refluxing acetone. 

All melting points have been corrected. 

A convenient chart, summarizing data on all cyanoethylated 

pyridinium iodides — except that of quinaldine — which have been 

synthesized in the current research, has been piiblished (35). Also 

presented in chart form in the publication are data on the cyano

ethylated alkylpyridines which have been synthesized. 
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Alkylpyridines 

Sources of the alkylpyridines from which the methiodides were 

prepared are listed in the following table. 

Alkylpyridine 

4-methylpyridine 

2-methylpyridine 

2,4,6-trimethylpyridine 

2-ethylpyridine 

4-ethylpyridine 

4-n-propylpyridine 

2,6-dimethylpyridine 

3,4-dimethylpyridine 

2,3-cLLmetiiyipyridine 

2,4-dlmethylpyridine 

quinaldine 

pyrindane 

Source 

Eastman. 

Eastman. 

Eastman. 

Eastman. 

Eastman. 

Eastman. 

K and K Labs. 

Chemicals Procurement 
Laboratories Inc. 

Chemicals Procurement 
Laboratories Inc. 

K and K Labs. 
Eastman. 

Eastman. 

Grade 

"White Label" 

"White Label" 

"White Label" 

Practical 

"White Label" 

"White Label" 

^ • • • " 

857o 

Practical 

procedure of V. Prelog and S. Szpilfogel (36) 

TABLE 1. (Above) 
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On the Route to Pyrindane: 2-Carbethoxycyclopentanone (37) 

"Molecular" sodium was prepared for this reaction by the method 

of Vogel (38). In a 500 ml. 3-neck flask equipped with stirrer and 

reflux condenser, 0.36 mole (8.2 g.) sodium was heated in sodium 

dried xylene \mtil the sodium melted. The stirrer was then started 

and vigorous stirring was continued while the flask was allowed to 

cool to room temperature; whereupon the stirrer was removed and the 

xylene decanted away. The sodium granules were washed twice with 

35 ml. portions of dry benzene. (Benzene for this reaction was 

dried by distillation from sodium into sodium.) To the "molecular 

sodium" was added 206 ml. fresh, dry benzene, 0,248 mole (50,0 g,) 

of Eastman's "White Label" diethyl adipate, and 0.5 ml. absolute 

ethanol. The whole was refluxed on a heating mantle for two hours 

before a spontaneous reaction began. The mixture was kept agitated 

by hand as a solid cake formed. After the spontaneous reaction had 

subsided, the mixture was refluxed overnight by gentle heat from a 

heating mantle. By morning it was observed that some of the benzene 

had evaporated; therefore 50 ml, extra benzene was added. (Parts of 

the solid cake which protruded above the solvent surface had a dark 

tinge.) The mixture was cooled in ice and the sodio compound 

decomposed with ice and 6 N HCl. The mixture was separated and the 

aqueous layer extracted with 33 ml, benzene. The combined benzene 

layers were washed with 33 ml, 57o aqueous sodium carbonate solution 

followed by 50 ml. water. Benzene and traces of water were removed 

from the organic mixture by distillation at ordinary pressure and the 

file:///mtil
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residue was vacuimi distilled. Yield of 2-carbethoxycyclopentanone 

was 75,47o (29,10 g, — 0.1867 mole), b.p, 114-114,5° (15 mm.) 

[reported b,p, 108-111° (15 mm,) (37)]. 

On the Route to Pyrindane: Ethyl-2-aminocyclopentene-l-carboxylate (36) 

A 250 ml. filter flask was fitted with a drilled stopper and 

gas inlet tube. The side arm was connected to tubing leading into a 

beaker of light mineral oil. The reaction flask was equipped with a 

magnetic stirrer. Into the flask was placed 0.385 mole (60.0 g.) 

2-carbethoxycyclopentanone and 0.41 mole (33 g.) ammonium nitrate. 

Anhydrous ammonia was bubbled into the mixture through the gas inlet, 

its rate adjusted from bubbles in the mineral oil at the outlet. 

After six hours reaction the mixture was fully liquefied, yet some 

time later it solidified. The reaction was continued for 48 hours. 

The brownish mixture was then extracted with four 50 ml. portions of 

ether. Since the ether solutions looked wet, the combined ether 

extracts were filtered through anhydrous sodium sulfate. The ether 

solution was then gently evaporated to dryness, the residue being 

reciystallized from petroleum ether, (b.p. 30-60°). Yield of tan, 

crystalline ethyl-2-aminocyclopentene-l-carboxylate was 927o (54.8 g. 

— 0,354 mole), m.p. 56-57° [reported m,p, 57-58° (36)] . 

On the Route to Pyrindane: Ethyl-4,6-dihydroxycyclopenteno-2,3-
pyridine-5-carboxylate (36) 

A mixture of 0,097 mole (15.0 g.) ethyl-2-aminocyclopentene-l-

carboxylate, 0,096 mole (15.5 g.) diethyl malonate, and a solution 
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of 0,104 mole (2.4 g.) sodium dissolved in 48 ml, absolute ethanol 

was thoroughly agitated and sealed in a heavy wall Pyrex pressure 

reaction tube. The sealed tube was heated at 100° in a Carius oven 

for 40 hours and the mixture remained in the sealed tube an extra two 

days at room temperature. The tube was opened by grinding away the 

seal on an abrasive wheel. The tube's contents were rinsed into a 

flask with water and acidified to Congo Red with dilute hydrochloric 

acid. The white precipitate which appeared was then chilled in a 

refrigerator, collected on a filter, washed with ice water, and dried 

to dampness. The damp crystals were dissolved in hot 957o ethanol and 

the solution was filtered to remove abrasive. Crystals appeared upon 

cooling. Three crops of colorless crystals were taken; yield of 

ethyl-4,6-dihydroxycyclopenteno-2,3-pyridine-5-carboxylate was 62,57o 

(27.05 g. — 0.1212 mole), m.p, 214,5-220.5° dec, [reported m.p. 

221° dec. (36)j . 

On the Route to Pyrindane: 4,6-Dihydroxycyclopenteno-2,3-pyridine (36) 

A mixture of 0,1335 mole (30,00 g.) ethyl-4,6-dihydroxycyclopenteno-

2,3-pyridine-5-carboxylate, 82 ml, water, and 27.2 ml. concentrated 

hydrochloric acid was refluxed for 24 hours. During the period of 

reflux, water was gradually added until the total volume was about 

230 ml. Water was then'removed under aspirator vacuum on a steam 

bath (water from the aspirator backed up twice into the flask on 

this run: total volume undistilled water which was introduced and 

removed was about 750 ml.). The dry residue was treated with a 
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saturated aqueous solution of sodium bicarbonate until gas evolution 

ceased. The white crystals remaining were collected on a filter, 

washed with water, dried overnight in air, and further dried in a 

vacuum desiccator. Yield of 4,6-dihydroxycyclopenteno-2,3-pyridine 

was 1007o (20.18 g. — 0.1335 mole), charring above 286° [reported 

chars above 305° (36)] . 

On the Route to Pyrindane: 4,6-Dichlorocyclopenteno-2,3-pyridine (36) 

In a heavy walled Pyrex pressure reaction tube was sealed 0.0397 

mole (6.00 g.) 4,6-dihydroxycyclopenteno-2,3-pyridine and 0.149 mole 

(22.8 g.) Matheson, Coleman, and Bell reagent grade phosphorus 

oxychloride. The pressure tube was heated in a Carius oven for six 

hours at 180°, and allowed to cool with the oven overnight. The 

tube was opened and the contents neutralized with ice and calcium 

carbonate. The aqueous mixture was extracted with ether (about 75 

ml. ether in three portions). The ether solution was dried over 

calcium chloride and the ether was removed under vacuum. The dark 

purple residue weighed 7.55 g. The residue from two runs were 

combined and distilled under vacuum. Yield of 4,6-dichlorocyclo-

penteno-2,3-pyridine attributed to the first run was 777o (0.0306 

mole), b,p. 141-142° (11mm.) [reported b.p. 126-128° (11mm.) (36)]. 

The product was colorless when freshly distilled. 

Pyrindane (36) 

A mixture of 0,26 mole (6,1 g,) sodium dissolved in 150 ml. 

absolute methanol, 0.032 mole (6,0 g.) 4,6-dichlorocyclopenteno-2,3-
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pyridine, and 12.2 g, Raney nickel [prepared according to Vogel (39)1 

was hydrogenated on a Parr hydrogenator for eight hours. Starting 

pressure was 23 psi hydrogen; pressure at the end of the run was 

17,5 psi. The mixture was filtered through Celite to remove catalyst, 

the Raney nickel being kept moist by spraying it with 60 ml. water 

from a wash bottle. To the filtrate was added 0.36 mole (30 ml,) 

concentrated hydrochloric acid, 70 ml. water, and 300 ml. ether before 

separation finally occurred. The aqueous layer was removed and 

extracted once with 100 ml. ether and again with 50 ml. ether. A 

small amount of water which separated from the combined ether 

layers was added to the aqueous layer. The aqueous layer was again 

extracted with 50 ml. ether before being made basic with 0.5 mole 

(20 g.) sodium hydroxide. The basic solution was extracted three 

times with 50 ml. portions of ether, these three ether extracts 

being combined and dried over potassium hydroxide pellets, which 

salted out a layer of water. The dry ether layer was treated with a 

solution of 0.033 mole (7.6 g.) picric acid dissolved in 300 ml. 

ether. The yellow precipitate was collected on a filter, washed 

with ether, and dried in air overnight. Yield was 60.27. (6.68 g, 

— 0.0192 mole), m.p, 166-179°, These crystals were recrystallized 

from about 700 ml, methanol and 15 ml. water. Recovery was 5.42 g. 

(0.0156 mole), m.p. 177-180° [reported m.p. 181-182° (36)], 

To the recrystallized picrate was added 25 ml, water and 25 ml. 

concentrated hydrochloric acid and the mixture was extracted with 

ether until the yellow color of picric acid disappeared from the 
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aqueous layer; the total volume of ether necessary was 300 ml. The 

aqueous layer was made basic with potassium hydroxide and extracted 

three times with 30 ml. portions of ether. These ether extracts 

were combined and rapidly dried with potassium hydroxide pellets. 

The dry ether solution was decanted from the pellets, concentrated on 

a hot plate, and the residue was distilled, b.p. 112-114° (57 mm,), 

25 r 20 T 

nj) 1.5446, colorless [reported b.p, 90° (11mm,), nj) 1.54446 (36)J . 

Yield of pyrindane was 0.78 g, (0,0066 mole) (427, from the picrate; 

207o from 4,6-dichlorocyclopenteno-2,3-pyridine), 

Attempts to Purify 2,4-Dimethylpyridine 

The infrared spectrum of K and K Labs' 2,4-dimethylpyridine 

showed that it was the same purity as Eastman's 857o and that the 

principal contaminant was probably 2,5-dimethylpyridine, [Sadtler 

(40) lists both the spectrum of 2,4-dimethylpyridine (spectrum no. 1042) 

and of 2,5-dimethylpyridine (spectrum no. 3298); the latter has a 

large peak at 13,75^ (727 cm. ) and a smaller peak at 8.0u (1250 cm." ) 

which 2,4-dimethylpyridine does not have. These extra peaks are 

present in the spectrum of "8b%" 2,4-dimethylpyridineJ The 

following attempts to purify 2,4-dimethylpyridine were unsuccessful. 

The picrate of 2,4-dimethylpyridine was prepared by pouring 

0.0443 mole (4.75 g.) amine into a hot solution of 0.0445 mole (10,2 g.) 

picric acid in 35 ml. absolute ethanol. The yellow precipitate was 

collected on a filter, washed with absolute ethanol, and dried in 

air; yield was 89.67, (13,3 g, ~ 0,0397 mole), m,p, 135-164°. After 
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two recrystallizations from absolute ethanol and eight from ethanol-

water the melting point was 136-180° (no purification). 

The hydrochloride of 2,4-dimethylpyridine was made by pouring 

with stirring 110 ml, (1.32 mole) concentrated hydrochloric acid 

into an ice bath cooled mixture of 150 ml, (1,33 mole) 857o 2,4-dimethyl

pyridine and 100 ml, water contained in a one liter beaker. The 

water was then evaporated on a hot plate and the hydrochlorides 

transferred to a 150 ml. flask from which distillation was undertaken 

through a 350 X 8 mm. glass helices packed column. About two-thirds 

of amine hydrochloride was distilled away, b.p. 239-242.5° (640 mm.). 

The residue (about 0.261 mole) was dissolved in 30 ml. water and 

treated with 30 g, sodium hydroxide dissolved in 50 ml, water. The 

aqueous solution was extracted twice with 50 ml. portions of ether 

and the combined ether layers were dried 48 hours over potassium 

hydroxide and then distilled from potassium hydroxide. An infrared 

spectnmi of the amine, b.p. 149-151.5° (640 mm.), showed insignificant 

purification. The preceding method of separating 2,4- and 2,5-dimethyl-

pyridines is essentially that of Cislak and Cunningham (41). 

A column composed of approximately 0.0825 equivalents of "Dowex 

50W-X8" (strongly acidic) ion exchange resin was prepared. Onto 

this column was poured a solution of 0,0152 mole (1.63 g.) 857o 

2,4-dimethylpyridine in 50 ml. water. The column was eluated with 

a solution of 0,09 mole (3.6 g.) sodium hydroxide in 700 ml. water. 

The effluent was collected in a series of flasks, A final elution 

with very concentrated sodiiom hydroxide was made, the effluent being 
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caught in one flask. Those flasks ,(five of about 80-90 ml. contents 

each) in which amine was detected (by odor and yellowing of Hydrion 

paper) were acidified with hydrochloric acid, concentrated, made 

basic with potassiimi hydroxide, and extracted with ether. The ether 

solutions were individually concentrated on a steam bath. Infrared 

spectra of the residues showed no purification of 857o 2,4-dimethyl

pyridine in any flask. 

The phenolates of 2,4- and 2,5-dimethylpyridine were prepared 

by mixing 0.467 mole (50,0 g,) 857o 2,4-dimethylpyridine with 0.467 

mole (44,0 g.) phenol. The preparation was allowed to stand overnight 

at -20° (salt and ice in a Dewar flask) but no precipitate formed. 

The cooling bath was changed to dry ice whereupon the phenolates 

formed an amorphous solid. The solid was allowed to melt slightly 

and removed by filtration (more melting occurred during the filtration) 

The freezing and filtration were repeated twice more. The final 

filtrate weighed 69.1 g. To this filtrate was added 70 g. sodiimi 

hydroxide dissolved in 284 ml. water. The mixture was then steam 

distilled, the distillate being saturated with sodiim chloride and 

extracted with ether. The ethereal layer was dried over potassium 

hydroxide and distilled. An infrared spectrum of the product, 

b.p. 153° (640 mm,) showed only a very small amoimt of purification. 

The preceding method of separating 2,4- and 2,5-dimethylpyridines is 

essentially that of Coulson (42). 
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Alkylpyridine Methiodides 

Alkylpyridine methiodides were prepared according to the 

following general procedure. Yields, reaction times, colors, 

recrystallization solvents, melting points, and references are 

summarized in the accompanying tables. Sources of the alkylpyridines 

have already been listed. Methyl iodide was Eastman's "White Label", 

Alkylpyridines were used without further purification except in the 

case of quinaldine, which was redistilled, b.p. 227-235° (640 mm.). 

Benzene was predried over sodium. 

The alkylpyridine and a small molar excess of methyl iodide 

(example: 0,405 mole amine, 0,418 mole methyl iodide) were dissolved 

in sufficient benzene so that the precipitating methiodide salt did 

not interfere with refluxing when stirred (example: for 0.4 mole 

amine, 250 ml, benzene). The mixture was refluxed with mechanical 

stirring for the specified time, then cooled, filtered, washed with 

benzene, and dried for one-half hour in a stream of air in the hood 

followed by drying in a vacuum desiccator overnight. Samples for 

melting point checks were recrystallized two or three times from 

the indicated solvent. 
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TABLE 2, Data for the Reaction of Alkylpyridines with Methyl Iodide, 

Pyridine 
methiodide 

4-methyl 

2-methyl 

2,4,6-trimethyl 

2-ethyl 

4-ethyl 

4-n-propyl 

2,6-dimethyl 

3,4-dimethyl 

2,3-dimethyl 

2,4-dimethyl 

quinaldine 

pyrindane 

Reaction 
Time (hours) 

5 at reflux, 
12 at room temp. 

5 at reflux 

22 at reflux 

6 at reflux, 
12 at room temp. 

4 at reflux 

4 at reflux, 
12 at room temp. 

24 at reflux, 
18 at room temp. 

4 at 50-60° 

5 at reflux 

5 at reflux 

40 at reflux 

6 at reflux 

Yield 

967o 

867o 

88,57„ 

827o 

957o 

977o 

79,67o 

97.37o 

92,57o 

1007o 

69.77o 

94,37o 

Color 

white 

white 

white 

yellow 

yellow 

orange 

pale 
yellow 

pale 
pink 

white 

yellow 

yellow-
orange 

grey 

Notes 

_ _ _ 

_ _ _ 

_ - _ 

Formed as an oil 
which crystallized 
overnight" 

_ _ _ 

Formed as a red oil 
which crystallized 
on refrigeration. 
Color not removed 
by Norit. 

Less reflux time 
caused lower yield. 

Very rapid reaction 

— _ _ 

Formed as a yellow 
oil which 
crystallized on 
cooling. 

Less reflux time 
caused lower yield. 

Special case: 
see below. 
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TABLE 3, Data on Alkylpyridine Methiodides, 

Pyridine 
methiociide 

4-methyl 

2-methyl 

2,4,6-trimethyl 

2-ethyl 

4-ethyl 

4-n-propyl 

2,6-dimethyl 

3,4-dimethyl 

2,3-dimethyl 

2,4-dimethyl 

quinaldine 

pyrindane 

Recrystallization 
solvent 

methanol-ethyl acetate 

methanol-ethyl acetate 

methanol-ethyl acetate 

Melting 
point (°C) 

153-154 

230-230.5 

208-209 

Explained irameciiately following 
this table 

Explained immediately following 
this table 

ethanol-ether 

methanol-ethyl acetate 

methanol-ethyl acetate 

methanol-ethyl acetate 

79-80.5 

236,5-237.5 

124.5-126 

211-212.5 

Could not be purified, see below. 

absolute ethanol 

Special case, see below. 

189-192 

160-162 dec. 

Reported 
melting 
point 
(°C) 

153-153,8 

230-231 

213-214,2 

95-96 

109-110 
113 
280 

80,8-81,4 

236,8-238 

123-124 

206-206,8 

117-118 

195 
199-200 

Refer
ence 

(43) 

(43) 

(43) 

(22) 

(43) 
(23) 
(44) 

(43) 

(43) 

(45) 

(43) 

(43) 

(46) 
(47) 

Not reported 
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The methiodides of 2-ethyl and 4-ethyl pyridine could not be 

crystallized to an acceptable melting point, Unrecrystallized 

2-ethylpyridine methiodide melted at 75-77°; recrystallization from 

either isopropyl alcohol-methanol or from absolute ethanol-ether led 

to a wider range of melting point (70-78° after one recrystallization 

from isopropyl alcohol-methanol) and gradual precipitation of a 

dark material charring above 175°, Unrecrystallized 4-ethylpyridine 

methiodide melted at 74-77°. Attempted recrystallization from 

absolute ethanol led to a practically insoluble brown material 

which could be recrystallized colorless from a large quantity of 

absolute ethanol but did not melt under 290°, Both 2-ethyl and 

4-ethylpyriciLne methiodides were very hygroscopic, 

Pyrindane Methiodide 

A mixture of 0,00747 mole (0.89 g.) pyrindane, 0,024 mole 

(3.42 g.) methyl iodide, and 25 ml. benzene was refluxed for six 

hours with mechanical stirring. Crystals from the cooled mixture 

were collected on a filter, washed with benzene, and dried in a 

vacuum desiccator. Yield was 967, (1.87 g. — 0,00716 mole) of white 

crystals, speckled with grey. The methiodide blackens with heat; it 

was recrystallized for analysis from methanol-ethyl acetate as 

follows. The crystals were dissolved at room temperature in methanol-

ethyl acetate, treated with Norit, filtered through sintered glass, 

and forced out of solution in the refrigerator. The crystalG were 

twice more dissolved in methanol-ethyl acetate at room temperature 

and forced out of solution in the refrigerator, the last solution 
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being prefiltered through sintered glass. The crystals were then 

collected on a filter, washed with solvent, and dried in a vacuum 

desiccator 24 hours and then in an Abderhalden pistol for five days 

at room temperature over phosphorus pentoxide. Melting point was 

160-162° dec. 

Calculated for 7oC 7oH 7oN 7J 

C9H12NI 41,40 4.63 5,36 48.60 

Found 41.45 4.79 5.31 48.80 

Attempts to Purify 2,4-Dimethylpyridine Methiociide 

After ten recrystallizations from isopropyl alcohol the melting 

point of 2,4-(iLme thylpyri dine methiodide was 168-176°. Reported 

melting points are 2,4-dimethylpyridine methiodide m.p. 117-118° (43); 

2,5-dimethylpyridine methiociide m.p. 184-185° (43). In an effort to 

seed out the higher melting material, a solution of 52.66 g. 

2,4-dimethylpyridine methiociide (prepared from 857, 2,4-dimethyl

pyridine) in 600 ml. isopropyl alcohol was seeded with crystals 

m.p, 168-176°, Fifteen grams of crystals were removed by filtration 

and the filtrate was concentrated to 300 ml, and refrigerated. The 

cold mixture was refiltered, the crystals from it being redissolved 

in 150 ml. hot isopropyl alcohol for recrystallization. After four 

more recrystallizations from isopropyl alcohol these crystals 

melted at 106-108°. 
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Other Pyridinium Compounds 

4-Methyl-l-ethylpyridinium Bromide 

A mixture of 0.300 mole (27.9 g,) 4-methylpyridine, 0.500 mole 

(54.5 g,) Eastman's "White Label" ethyl bromide, and 225 ml, benzene 

was refluxed with mechanical stirring for 48 hours. The mixture was 

allowed to stand an extra 24 hours at room temperature and then 

filtered. The crystals were washed with benzene and dried in a 

vacuum desiccator. Yield was 857o (51.6 g. — 0,255 mole), 

4-Methyl-l-benzylpyridinium Chloride 

A mixture of 0.206 mole (19.1 g.) 4-methylpyridine, 0.213 mole 

(27,0 g.) Baker and Adamson "Reagent Grade" benzyl chloride, and 80 

ml. benzene was refluxed with mechanical stirring for 24 hours, then 

cooled and filtered. The crystals were washed with benzene and dried 

in a vacuum desiccator. Yield was 79.57o (35.84 g. — 0,1635 mole). 

After one recrystallization from absolute ethanol-ethyl acetate 

the crystals melted at 176-178°, 

4-n-Propyl-l-benzylpyridinium Chloride 

A mixture of 0.20 mole (24,2 g.) 4-n-propylpyridine, 0.21 mole 

(26,6 g.) Baker and Adamson "Reagent Grade" benzyl chloride, and 

80 ml, benzene was heated under reflux with mechanical stirring for 

20 hours. The reddish-orange lower layer which formed, crystallized 

on cooling. The crystals were collected on a filter, washed with 

benzene, and dried in a vacuum desiccator. Yield was 91.57, (45,3 g, -

0.183 mole) light orange, hygroscopic crystals, m.p. 107-110.5°. 
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Cyanoethylation of Alkylpyridine Methiodides 

Cyanoethylation of 4-Methylpyridine Methiodide 

A mixture of 0.120 mole (28.0 g.) 4-methylpyridine methiodide, 

0.72 mole (39 g.) acrylonitrile, 0.24 mole (25 g,) triethylamine, 

and enough ethanol to make an homogeneous mixture was refluxed with 

mechanical stirring for 1.5 houxs. The mixture was cooled and 

filtered, the filtrate being allowed to reflux overnight. The crystals 

were washed with ether and dried in air. After refluxing, the filtrate 

was diluted with 50 ml. ether; the crystals which appeared were 

collected on a filter, washed with ether, dried, and combined with the 

first crop of crystals. Combined yield of 4-[tris(2-cyanoethyl)methy^ -

1-methylpyridinium iodide was 91.77o (43.04 g. — 0,1093 mole), m.p, 

195-230°, After treatment with Norit and recrystallization from 

ethanol-water, m,p, 230-234°, somewhat orange-yellow. The analytical 

sample, m,p, 229.5-230.5°, was pale yellow after eight recrystal

lizations from ethanol-water. 

Calculated for 

C16H19N4I 

Found 

7oC 

48,74 

48.83 

7aH 

4.86 

5.19 

7oN 

14.21 

13.95 

7oI 

32,19 

32.08 

Cyanoethylation of 2-Methylpyridine Methiodide 

A mixture of 0,170 mole (39.9 g.) 2-methylpyridine methiodide, 

1.02 mole (50.8 g.) acrylonitrile, 0.34 mole (35 g.) triethylamine, 

enough water to ciissolve the methiodide salt, and enough ethanol to 

effect an homogeneous solution was refluxed with mechanical stirring 
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for two hours. The mixture was then cooled, diluted with 75 ml. 

water, and extracted three times with 50 ml. portions of ether. The 

aqueous layer was evaporated to dryness under vacuum on a steam bath. 

The residue was treated with benzene and taken to dryness again 

under vacuum. The syrupy residue crystallized on cooling. The 

crystals were dissolved in hot absolute ethanol, treated with Norit, 

filtered, and allowed to crystallize. Yield of 2-[bis(2-cyanoethyl)-

methyI]-1-methylpyridinium iodide was 737o (42.25 g. ~ 0.1240 mole), 

orange crystals, m.p. 129-133°. The analytical sample, m.p, 141-142° 

[reported m.p. 139.5-140,5° (2)], was white after ten recrystallizations 

from 957o ethanol. 

Calculated for 7X1 7Ji 7oN 7oI 

C13H16N3I 45.76 4.73 12.32 

Found 45.91 5.05 12,34 

Cyanoethylation of 2,4,6-Trimethylpyridine Methiodide 

37.20 

37.36 

A mixture of 0.091 mole (24.0 g.) 2,4,6-trimethylpyridine 

methiociide, enough water to dissolve the methiociide salt, 0.558 mole 

(29,8 g,) acrylonitrile, 0.186 mole (18.2 g.) triethylamine, and 

enough ethanol to make an homogeneous solution was refluxed with 

mechanical stirring. After four hours an extra 0.38 mole (20 g.) 

acrylonitrile and 0.072 mole (7.3 g.) triethylamine were added. 

After seven hours, another 0.38 mole (20 g.) acrylonitrile was added. 

After 18 hours an extra 0.38 mole (20 g.) acrylonitrile and 0.072 mole 

(7.3 g.) triethylamine were added. Total reflux time was 22 hours. 

The white precipitate was removed by filtration, washed with ether. 
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and dried in air. Yield of 2,6-bis[bis(2-cyanoethyl)methyl|-4-[tris-

(2-cyanoethyl)methyl]-1-methylpyridinium iodide was 967o (55.4 g. — 

0.0875 mole). An analytical sample, m.p. 202.5-203.5°, was prepared 

by nine recrystallizations from large volumes of water. 

Calculated for 7oC 7oH 7oN 7J 

C30H35N8I 55,78 5,56 17,66 20.00 

Found 56.88 5.70 17.56 20.02 

Cyanoethylation of 2-Ethylpyriciine Methiodide 

A mixture of 0,196 mole (48.8 g.) 2-ethylpyriciine methiodide, 

0.784 mole (42,2 g.) acrylonitrile, 0.294 mole (28.3 g.) triethylamine, 

enough water to ciissolve the methiociide salt, and enough ethanol to 

make an homogeneous solution was refluxed with mechanical stirring 

for 24 hours. The mixture was allowed to stand at room temperature 

three days and then ciiluted with 50 ml, water and 50 ml. ether. The 

mixture was separated and the aqueous layer extracted two more times 

with 50 ml. portions of ether. Water was then removed from the 

aqueous layer by evaporation under vacuum on the steam bath. The 

residue was twice treated with benzene and reconcentrated under 

vacuum. The residue was dissolved in 50 ml. absolute ethanol and 

allowed to stand in a refrigerator for crystallization. The first 

crystallization took two weeks. The crystals were eventually 

collected on a filter, dissolved in more absolute ethanol, treated 

with Norit, filtered, and allowed to crystallize. Yield of 

2-[l-(2-cyanoethyl)ethyl]-1-methylpyridiniimi iodide was 45.47o 

(26.83 g. — 0,0890 mole), m,p, 86°, tan colored crystals. An 
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analytical sample, m,p, 97°, was prepared by ten recrystallizations 

from 977o ethanol-37o water. 

Calculated for 7oC 7aH 7oN 7oI 

C11H15N2I 43,72 5.00 

Found 43,98 5.17 

Cyanoethylat ion of 4-Ethy Ipy r i ciine Methiociide 

9,27 

9,22 

42.00 

42,31 

A mixture of 0,192 mole (47.9 g.) 4-ethylpyridine methiociide, 

0.768 mole (41,3 g,) acrylonitrile, 0.288 mole (27.7 g,) triethylamine, 

enough water to ciissolve the methiodide salt, and enough ethanol to 

make an homogeneous solution was refluxed with mechanical stirring 

for 19 hours. The solution was cooled, 60 ml, water was added, and 

the whole extracted three times with 50 ml. portions of ether. The 

acjueous solution was evaporated to dryness under vacuiim on the 

steam bath. The residue was an orange syrup which crystallized in 

an ice bath. The crystals were ciissolved in hot 977o ethanol-37o 

water, treated with Norit, filtered, and allowed to crystallize. 

Yield of 4-ri,l-bis(2-cyanoethyl)ethy3 -1-methylpyridinium iociide 

was 877o (59.32 g. — 0,167 mole), m,p. 64-74°, orange crystals. 

An analytical sample, m.p, 126-128°, was prepared by five recrystal

lizations from 957o acetone-57o absolute ethanol. 

Calculated for 1J^ 7oH 7oN 7oI 

C14H18N3I 47,33 5.11 11,83 35.73 

Found 47,35 5.47 11.67 35.48 
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Cyanoethylation of 4-n-Propylpyridine Methiodide 

A mixture of 0.202 mole (53.2 g.) 4-n-propy Ipyri ciine methiodide, 

0.808 mole (43.0 g.) acrylonitrile, 0.303 mole (30.6 g.) triethylamine, 

enough water to ciissolve the methiodide salt, and enough ethanol to 

make an homogeneous solution was refluxed with mechanical stirring 

for 24 hours. The crystals which formed upon cooling were collected 

on a filter, washed with ether, and dried in air. Yield of 4-[l,l-bis-

(2-cyanoethyl)propyl]-1-methylpyridinium iodide was 997o (73.9 g. — 

0.200 mole), m.p. 229-231°. After treatment with Norit and recrystal

lization from ethanol-water, m.p, 231-235°, white crystals. An 

analytical sample, m,p, 232,5-235°, was prepared by six recrystal

lizations from ethanol-water. 

Calculated for 7oC 7oH 7<,N 7oI 

C15H20N3I 48.79 5.46 11.38 

Found 48,98 5.58 11.15 

Cyanoethylat ion of 2,6-Dime thy Ipyr i ciine Methiociide 

34.37 

34.37 

A mixture of 0.0790 mole (19,7 g.) 2,6-ciime thylpyri ciine methiociide, 

0.948 mole (50.3 g.) acrylonitrile, 0.316 mole (31.9 g.) triethylamine, 

15 ml. water, and 15 ml, 957o ethanol was refluxed with mechanical 

stirring for 24 hours. The mixture was allowed to stand an additional 

20 hours at room temperature and then seeded with an analytical sample 

of product which had been prepared previously in lower yield. The 

pale orange crystals which formed were collected on a filter, washed 

with ether, and ciried in a vacuum desiccator. Yield of 2,6-biGrbi3-

(2-cyanoethyl)methylj-1-methylpyriciinium iodide was 75.37, (27.4 g. — 
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0,0594 mole), m,p, 151-152° dec. [when recrystallized 2,6-dimethyl

pyridine methiodide, m.p, 236-237°, was used in an identical procedure, 

yield was 82.27o (29.9 g. — 0.0648 mole), m.p, 152,5-154.5° dec] 

The crystals were dissolved in hot ethanol-water, treated with Norit, 

filtered, and allowed to crystallize, m,p. 151-153° dec. An 

analytical sample, m.p. 152-153° dec, was prepared by five recrystal

lizations from ethanol-water. 

Calculated for 7JC 7OH 7ON 7OI 

C20H24N5I 52.07 5.24 15.18 

Found 52.30 5.28 15.21 

Cyanoethylation of 3,4-Dimethylpyridine Methiodide 

27.51 

27.50 

In the minimum amount of water necessary for solution was dissolved 

0.1875 mole (46.69 g.) 3,4-dimethylpyridine methiociide. The solution 

was treated with Norit and filtered, small portions of water being 

used as eluant. A mixture of this acjueous solution, 1.12 mole 

(59.6 g.) acrylonitrile, 0,375 mole (37.9 g,) triethylamine, and 

enough ethanol to make an homogeneous solution was refluxed with 

mechanical stirring for 23 hours. Upon cooling, 75 ml. ether and 

50 ml, water were added and the mixture separated. The aqueous 

layer was extracted two more times with 50 ml. portions of ether, 

then evaporated to dryness on a steam bath under vacuum. Benzene 

was added to the residue and removed again under vacuum. The residue 

crystallized upon cooling. The crystals were ciissolved in hot 

absolute ethanol, treated with Norit, and filtered. No crystals 

would form in the filtrate; therefore most of the ethanol was removed 
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under vacuum with gentle heating. The residue formed poor cjuality 

crystals which could not be reaciily recovered. When acetone was 

acided to the filtrate, white crystals formed which were collected on 

a filter after the whole was chilled three hours in a refrigerator. 

The crystals were washed with acetone and ciried in air. Yield of 

4-[bis(2-cyanoethyl)methyJ-1,3-dimethylpyriciinium iociide was 49.57o 

(33 g. — 0,093 mole), after recrystallization from acetone-absolute 

ethanol, m,p, 139-141°, [A similar reaction in which recrystallized 

3,4-ciimethylpyridine methiodide, m,p. 125-129,5°, was used, resulted 

in 677, yield J An analytical sample, m.p. 145-146°, was prepared by 

four recrystallizations from acetone-ethanol. 

Calculated for 7oC 7>H 7oN 7oI 

^ 1 4 ^ 8 ^ 3 ^ 47.33 5.11 11.83 

Found 47,50 5.21 11.95 

Cyanoethylat ion of 2,3-Dimethylpyridine Methiociide 

35.73 

35.57 

A mixture of 0.0374 mole (9,32 g,) 2,3-dimethylpyriciine 

methiociide ciissolved in 10 ml. water, 0.224 mole (11.9 g.) acrylonitrile, 

0.75 mole (7,5 g,) triethylamine, and 6 ml. ethanol was refluxed 

with mechanical stirring for 24 hours. After another five hours at 

room temperature the mixture was ciiluted with 40 ml. ether and 3 

ml. water and the mixture separated. The aqueous layer was extracted 

twice with 30 ml. portions of ether,, evaporated to ciryness under 

vacuum on a steam bath, treated with benzene, and re-evaporated to 

dryness. The crystalline residue was ciissolved in hot 977o etiiuriol-

37o water, treated with Norit, filtered, and allowed to crystallize. 
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The crystals which formed were permeated with a reddish oil which 

would not crystallize, even in a refrigerator; however the addition 

of acetone, filtering, and acetone wash yielded orange crystals, 

m.p. 184-189°, Yield of 2-(3-cyanopropyl)-l,3-dimethylpyridinium 

iodide was 43,67o (5.24 g, — 0.0163 mole). An analytical sample, 

m.p, 192-193°, was prepared by five recrystallizations from 957, 

ethanol, 

Calculated for 7JC 7OH 7ON 7,1 

Cj_̂ Hj_5N2l 43,72 5.00 9.27 42.00 

Found 43.50 5.19 9.16 42.22 

Cyanoethylation of 2,4-Dime thylpyri dine Methiociide 

In the minimum amount of. water necessary for solution was 

dissolved 0.188 mole (46,6 g.) impure 2,4-ciime thylpyri ciine methiociide. 

The solution was treated with Norit and filtered, small portions of 

water being used as eluant. A mixture of this aqueous solution, 

2.256 mole (119.5 g.) acrylonitrile, 0.752 mole (76.0 g.) triethyl

amine, and enough ethanol to make an homogeneous solution was refluxed 

with mechanical stirring for 48 hours, then allowed to stand an extra 

48 hours at room temperature. Upon ciilution with 100 ml. ether and 

chilling, crystals appeared which were collected on a filter, v:ashed 

with ether, and ciried in a vacuimi desiccator. A small amount of 

further crystallization occurred in the filtrate over a one week 

period, the crystals being collected on a filter, washed, dried, and 

added to the former batch. Combined yield of 2-[bis(2-cyanoethyl)-

methyJ-4-[tris(2-cyanoethyl)methyl]-1-methylpyridinium iociide was 



33 

42.37o (41.0 g. — 0.796 mole). The crystals were dissolved in hot 

ethanol-water, treated with Norit, and allowed to crystallize, m.p. 

196,5-202°, An analytical sample, m,p, 198-200°, was prepared by 

seven recrystallizations from ethanol-water. 

Calculated for 7cC 7oH 7oN 7oI 

C23H27N6I 53.70 5,29 

Found 53,97 5,51 

Cyanoethylat ion of Quinalciine Methiodide 

16.34 

16.16 

24.67 

24.92 

A mixture of 0.0430 mole (12,2 g,) quinalciine methiociide 

dissolved in 11,25 ml. water, 0.258 mole (13.7 g.) acrylonitrile, 

0.086 mole (8.6 g.) triethylamine, and 5 ml. ethanol was mechanically 

stirred at room temperature for 24 hours. After about four hours 

the purple solution was seeded with product from an exploratory run. 

After about six hours a large amount of crystals had appeared. The 

crystals, when collected on a filter and washed with ether, were 

permeated with a purple tar; yet washing with acetone led to recidish 

crystals m.p. 183.5-184,5° dec. Yield of 2-[bis(2-cyanoethyl)methyl]-

1-methylquinolinium iociide was 45,67, (7.68 g. — 0,0196 mole); after 

treatment with Norit and recrystallization from ethanol-water, 

6.91 g., m.p. 182.5-183.5° dec, was recovered. An analytical 

sample, m,p. 179-180° dec, was prepared by five recrystallizations 

from ethanol-water and one from methanol-water. 

Calculated for 7oC 7oH 7oN 7J: 

C17H18N3I 52.18 4.64 10.74 32.44 

Found 51.87 4,61 11,00 32,75 
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Cyanoethylation of Pyrindane Methiociide 

A mixture of 0.0017 mole (0.45 g.) pyrindane methiodide dissolved 

in 0.5 ml. water, 0.010 mole (0.54 g.) acrylonitrile, 0.0034 mole 

(o.34 g.) triethylamine, and 0.5 ml. ethanol was refluxed in a 10 ml. 

flask on an oil bath at 84° for 17 hours. The mixture was cooled, 

ciiluted with 1.3 ml. ether and 0.5 ml, water, and separated. The 

aqueous layer was extracted twice with 1.3 ml. portions of ether and 

then evaporated to ciryness under vacuum, using benzene generously to 

remove water by azeotrope. The dark, crystalline residue was 

ciissolved in hot methanol, treated with Norit, filtered, and the 

solution was diluted with ethyl acetate to a crystallizable medium. 

Yield of 7,7-bis(2-cyanoethyl)pyrindane methiociide was 717, (0,45 g. — 

0.0012 mole), dark cream crystals, m.p. 176-180°. An analytical 

sample, m.p, 195-196°, was prepared by six recrystallizations from 

methanol-ethyl acetate. 

Calculated for 7oC 7oH 7oN 7oI 

G15H18N3I 

Found 

Cyanoe-

Cyanoethylation of 

thylation 

4-Methyl-

49, 

49, 

of 

-l-( 

.06 

.16 

Other 

4.94 

4.99 

11.44 

11.39 

Pyriciinium Compounds 

^thylpyriciinium Bromide 

34. 

34. 

.56 

.32 

A mixture of 0,248 mole (50.3 g.) 4-methyl-l-ethyIpyridinium 

bromide, 1,49 mole (79.0 g,) acrylonitrile, 0.496 mole (50.2 g.) 

triethylamine, enough water to dissolve the pyriciinium salt, and 

enough ethanol to make an homogeneous solution was refluxed with 
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mechanical stirring for 23 hours. The solution was cooled, ciiluted 

with 100 ml, ether and 50 ml, water, and separated. The acjueous 

layer was extracted twice with 50 ml, portions of ether, then 

evaporated to ciryness under vacuum on a steam bath. Two 150 ml. 

portions of benzene were added and removed under vacuum on a steam 

bath. The residue crystallized very slowly in a refrigerator. The 

crystals were dissolved in hot absolute ethanol, treated with Norit, 

filtered and allowed to crystallize in a refrigerator. The yellow 

crystals were collected on a filter, washed with acetone, and ciried 

in a vacuum desiccator. Yield of 4-[tris(2-cyanoethyl)methyj]-1-

ethylpyridinium bromide was 777o, (68.9 g. — 0,191 mole), m.p. 200-203° 

After two recrystallizations from absolute ethanol, the product 

melted at 198.5°. 

Cyanoethylation of 4-n-Propyl-l-benzylpyriciinium Chloride 

A mixture of 0.1535 mole (38.00 g.) 4-n-propyl-l-benzylpyriciinium 

chloride ciissolved in 10 ml. water, 0.615 mole (32.6 g.) acrylonitrile, 

0.23 mole (23 g.) triethylamine, and 10 ml. ethanol was mechanically 

stirred for 45 minutes (heat was evolved), then refluxed with 

stirring for five hours, then stirred (two layers) an extra 12 hours 

at room temperature. The mixture was ciiluted with 50 ml. ether and 

50 ml. water and separated. The acjueous layer was extracted two 

times with 50 ml. portions of ether, then evaporated to dryness under 

vacuum on a steam bath. The residue was a reddish oil which was 

taken up in absolute ethanol, treated with Norit, filtered, ciiluted 

with ethyl acetate, concentrated to remove most of the ethanol, and 
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allowed to crystallize. The crystals were collected on a filter, 

washed with ethyl acetate, and ciried in a vacuum desiccator. Yield 

of 4-[l,l-bis(2-cyanoethyl)propyl]-1-benzylpyriciinium chloride was 

69.17o (37.5 g. — 0.105 mole), m.p. 119-126° dec. 

Removal of Methyl Iociide from Cyanoethylated 
Alkylpyriciine Methiociides 

Removal of Methyl Iociide from Cyanoethylated 4-Methylpyridine Methiociide 

4-[Tris(2-cyanoethyl)methy^-1-methylpyridinium iodide (0.0368 

mole — 14.5 g.) was heated under a vacuum of 1.5 mm. Heating was 

by a Wood's metal bath held at 270-300° for 1.5 hours. After cooling, 

the residue was dissolved in hot water, ethanol, and tetrahycirofuran. 

The hot solution was treated with Norit and filtered. After stanciing 

for about 12 hours, the crystals which formed were collected on a 

filter and dried, m.p. 205-229° (starting material). The filtrate 

and washings were concentrated to 30 ml. The crystals which formed 

on cooling were collected on a filter and ciried, m.p. 151-154°. 

The yield of 4-[Tris(2-c3yanoethyl)methy^ pyriciine, allowing for 

recovered starting material, was 43.47, (2.90 g, — 0.115 mole). An 

analytical sample, m.p, 156°, was prepared by seven recrystallizations 

from ethanol-water. 

Calculated for 7oC 7oH 7oN 

Ci5%6N^ 71.40 6,39 22.21 

Found 71,48 6,42 22,30 
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Removal of Methyl Iociide from Cyanoethylated 2-Methylpyriciine Methiociide 

2-[Bis(2-cyanoethyl)methyl| -1-methylpyriciinium iodide (0.0689 

mole — 23,5 g,) was heated under a vacuum of about 3 mm. Heating 

was by a Wood's metal bath, initially at 220-230°. After 0.5 hour 

the bath temperature was slowly raised to 275°; distillation occurred 

at a bath temperature of 255-275°, Yield of 2-[bis(2-cyanoethyl)-

methyljpyridine, b.p. 208-210° (4 mm.) was 817o (11,1 g, — 0,0559 mole). 

An analytical sample, b,p, 180° (0.9 mm.), was prepared by two 

redistillations through a 130 X 10 mm. Vigreux column. 

Calculated for 7oC 7oH 7oN 

^12^3^3 72,^^ 6.58 21.09 

Found 71.98 6.81 20.83 

Removal of Methyl Iodide from Cyanoethylated 2,4,5-Trimethylpyriciine 
Methiodide 

2,6-Bis [bis(2-cyanoethyl)methyl| -4- [tris(2-cyanoethyl)methyl| -

1-methylpyridinium iociide (0,0489 mole — 31,0 g.) was heated under 

a vacuum of 0,5 mm. Heating was by a Wood's metal bath held at 

270-280° for 5.5 hours. After cooling, the redciish, amorphous residue 

was ciissolved in hot water and ethanol, treated with Norit, filtered, 

and allowed to crystallize. The crystals were collected on a filter, 

washed with cold ethanol, and ciried. Yield of 2,6-bis[bis(2-cyano

ethyl )methyl]-4-[tris (2-cyanoethyl )methyl| pyridine was 36.27o 

(8.69 g. — 0.0177 mole), pale yellow crystals m.p. 115-117°. An 

analytical sample (white), m,p. 131-132.5°, was prepared by 13 

recrystallizations from 457, water, 457o ethanol, and 107o ciioxane. 
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Calculated for 7oC 7oH 7oN 

C29H32N8 70.70 5.55 22.75 

Found 70.83 5.58 22.61 

Removal of Methyl Iociide from Cyanoethylated 2-Ethylpyridine Methiociide 

2-ri-(2-Cyanoethyl)ethyl]-1-methylpyridinium iodide (0.0568 mole 

— 17.2 g.) was heated under a vacuum of 2 mm. by a Wood's metal bath 

at 200-235°. A light yellow oil distilled, b.p, 110-116° (2 ram,). 

Yield of 2-[]l-(2-cyanoethyl)ethyl] pyridine was 847o (7.74 g. — 0,0477 

mole). An analytical sample, b.p, 170° (45 mm.), was prepared by 

two redistillations through a 350 X 14 mm, Vigreux column. 

Calculated for 1^ 7oH 7<.N 

^10^2^2 74-^^ ^-^^ ^^"^^ 

Found 75.05 7.82 17.73 

Removal of Methyl Iociide from Cyanoethylated 4-n-Propylpyriciine Methiociide 

4-ri,l-Bis(2-cyanoethyl)propyl] -1-methylpyridinium iociide 

(0.0525 mole — 19.3 g,) was heated under a vacuum of 1.4 mm. by a 

Wood's metal bath. The bath temperature was slowly raised from 280° 

to 340°. When the bath temperature was in the range 310-340°, a 

viscous yellow oil distilled, b.p. 230-235° (1.4 mm.). The clear, 

viscous oil slowly crystallized but turned dark where exposed to air. 

Yield of 4-|l,l-bis(2-cyanoethyl)propyl] pyridine was 707o (8.33 g. — 

0.0366 mole), m,p. 67-68°. An analytical sample, m.p. 74.5°, was 

prepared by seven recrystallizations from absolute ethanol-cyclohexane. 
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Calculated for 7oC 7H 7oN 

^14%7^3 ^̂ '̂ ^ '^'^^ 1^'^^ 

Found 74,10 7.73 18.32 

Removal of Methyl Iociide from Cyanoethylated 2,6-Dimethylpyridine 
Methiociide 

2,6-Bis [bis (2-cyanoethyl )methyl] -1-methylpyriciinium iociide 

(0.0359 mole — 16,5 g.) was heated under a vacuum of 1.7 ram. 

Heating was by a Wood's metal bath held at 270-300° for five hours. 

Nothing ciistilled. The cooled residue was ciissolved in 30 ml. ethanol 

and 2 ml. water, treated with Norit, and filtered. The filtrate 

formed two layers on cooling; the lower layer crystallized after six 

months in a refrigerator, m.p. 55-57°. Yield of 2,6-bis[bis(2-cyano

ethyl )methyl| pyridine was 77.57o (8.89 g. — 0.0278 mole). An 

analytical sample, m.p, 55.5-55°, was prepared by seven recrystal

lizations from 957o ethanol. 

Calculated for 7oC 7oH 7oN 

^19^21^5 ^̂ "̂ ^ "̂̂ ^ ^̂ "̂ ^ 

Found 71.35 6.68 22,10 

Removal of Benzyl Chloride from Cyanoethylated 
4-n-Propyl-l-benzylpyriciinium Chloride 

4-[l,l-Bis(2-cyanoethyl)propyl] -1-benzylpyriciinium chloride 

(0.0283 mole — 10.0 g,) was heated under a vacuum of 1.9 rrjTL. by a 

Wood's metal bath. At bath temperature 210-250°, a clear, colorless 

liquid distilled, b.p. 34° (1.9 mm.). The bath temperature was slowly 

raised to 330° before product began to ciistill. Heating was 
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ciiscontinued before more than a few drops of product distilled. 

The residue in the pot crystallized on cooling. The crystals were 

dissolved in hot 957o ethanol, treated with Norit, and filtered. The 

filtrate was concentrated, ciiluted with cyclohexane, and allowed to 

crystallize, m.p. 73-74°. Yield of 4-[l,l-bis(2-cyanoethyl)propyj]-

pyriciine was 51.87o (3.33 g. — 0.0147 mole). The infrared spectrum 

of this product was identical with that from cyanoethylated 4-n-propyl-

pyridine methiociide and the melting point of a mixture of the two 

products was not depressed. 

Other Attempts to Cyanoethylate Alkylpyridines 

Attempted Cyanoethylation of Pure 4-Methylpyridine 

Acrylonitrile (0,403 mole — 21.4 g.) was added ciropwise at a 

very slow rate to 0.269 mole (25.0 g.) 4-methylpyridine, heated to 

76° with mechanical stirring. The rate of adciition was slow enough 

so that after 24 hours, only 807o of the acrylonitrile had been added. 

After all the acrylonitrile had been added, the solution was allowed 

to stand at room temperature without stirring for 4.5 days. 

Distillation of the mixture at 640 ram. resulted in only two fractions, 

b.p. 73° (acrylonitrile) and b.p. 137° (4-methylpyridine). No 

cyanoethylation occurred. 

Attempted Cyanoethylation of 4-Methylpyriciine in the Presence of_ KCl 

A mixture of 0.103 mole (9.57 g.) 4-methylpyridine, one ml. 

concentrated hycirochloric acid (about 0.012 mole), 0.615 mole (32.7 g.) 

acrylonitrile, and 3 ml, ethanol was refluxed for seven days, then 
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allowed to stand at room temperature three ciays. A polymeric solid 

separated during the period of reflux; the mixture turned dark 

during the three days at room temperature. After the ten day period, 

35 ml. ethylene di chloride was added and the mixture was refluxed 0.5 

hours. After cooling, a solution of 0.5 g. sodium hydroxide in 3 ml. 

water was added, and the mixture was stirred overnight. The mixture 

was filtered through Celite; then 50 ml. water was added and the 

mixture separated. (4-[Tris(2-cyanoethyl)methyl] pyriciine is soluble 

in ethylene dichloride and insoluble in ether or water.) The organic 

layer was washed with another 50 ml, water, before solvent was 

removed under vacuum. The residue was extracted once with 150 ml. 

ether and three times with 20 ml. portions of ether. The residue 

(a redciish tar) was then heated with 20 ml. ethylene ciichloride; most 

of the residue ciid not ciissolve and was ciiscarded as polymer. 

Ethylene ciichloride was removed under vacuum, leaving a very small 

amount of redciish residue in which an even smaller amount of 

unidentified crystals formed (not 4-[tris(2-cyanoethyl)methyl] pyriciine), 

Reactions of Aldehydes with Alky Ipyri din e Methiodides 

Reaction of 4-Ethylpyriciine Methiociide with p-Dimethylaminobenzaldehyde 

A solution of 0.020 mole (4.98 g.) 4-ethylpyriciine methiociide, 

0.0201 mole (3.00 g.) £-ciimethylaminobenzaldehyde, and 0.0083 mole 

(0.82 ml.) pipericiine in 50 ml. absolute methanol was refluxed five 

hours. The solution resisted attĉ mpts at crystallization over a two 

day period; hence the methanol was removed under vacuum with gontio 
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heat. The residue crystallized over a 24 hour period and was 

recrystallized from methanol-ethyl acetate. Yield of 4-|oC-(£-dimethyl-

aminobenzylidene]-ethylpyridine methiodide was 707o (0.0140 mole — 

5.31 g.), copper-colored crystals m.p. 186-190°. An analytical 

sample, m.p. 199.5-200.5° [reported m.p. 191° (23)], was prepared 

by seven recrystallizations from methanol-ethyl acetate. 

Calculated for 7oC 7oH 7oN 7oI 

^17^21^2.'^ 53.69 5.57 7.37 33.37 

Found 53.76 5.73 7.62 33.57 

Reaction of 3,4-Dimethylpyriciine with p-Dimethylaminobenzaldehyde 

A solution of 0.020 mole (4.98 g.) 3,4-ciimethylpyridine 

methiodide, o,0201 mole (3.00 g,) ̂ -dimethylaminobenzaldehyde, and 

0,0083 mole (0,82 ml.) pipericiine in 50 ml, absolute methanol was 

refluxed for five hours. Crystals appeared when the solution cooled. 

The mixture was stored in a refrigerator 12 hours before the crystals 

were collected on a filter, washed with cold ethanol, and ciried in a 

vacuum desiccator. Yield of 4'-dimethylamino-3-methyl-4-stilbazole 

methiociide was 55.87o (0,0112 mole — 4.38 g.) maroon colored crystals, 

charring at 255-257°. An analytical sample, decomposing over 251°, 

was prepared by six recrystallizations from absolute methanol. It 

was noted that two crystal forms appeared in the recrystallizations: 

a light red form sintered at 245° and decomposed over 260°; a dark 

maroon form decomposed over 259°. The light red crystals usually 

formed first and slowly changed to the dark form; however one 

crystallization formed both simultaneously. The red form appeared 
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to be fairly stable in a refrigerated solution. 

Calculated for 7dC 7oH 7oN 7,1 

C17H21N2I 53.69 5.57 7.37 33.37 

Found 53.39 5.55 7.43 33.60 

Further Reactions of 4-Methylpyriciine Methiodide 

Reaction of 4-Methylpyriciine Methiociide with Methyl Vinyl Ketone 

The following reaction was run under a number of varied 

conciitions to try to get an increase in yield. The conciitions under 

which the largest yield was obtained are described, followed by a 

summary of significant variations and observations. 

A mixture of 0.0500 mole (11.8 g.) 4-methylpyriciine methiodide, 

5 ml. water, 0.100 mole (10.1 g.) triethylamine, and 8 ml. ethanol 

was heated with mechanical stirring to about 50°. Into this mixture 

was added dropwise over a two hour period 0.300 mole (21.0 g.) 

methyl vinyl ketone. The mixture was then heated an extra two hours 

at 50°. After cooling, 50 ml. ether and 10 ml. water were added and 

the mixture separated. The aqueous layer was extracted three times 

with 40 ml. portions of ether, then refluxed with benzene under a 

Dean-Stark trap to remove water. The benzene was decanted away, and 

the residue taken up in absolute ethanol, treated with Norit, filtered, 

and diluted with ethyl acetate. Crystals formed over about a one 

week period in a refrigerator. The brownish crystals were collected 

on a filter, washed with ethyl acetate, and ciried in a vacuain 

desiccator, wt, 4.38 g. After one recrystallization from ethanol-
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isopropyl alcohol, m.p, 200-201.5°, Yield was 15,27o (3.59 g. ~ 

0,00808 mole). An analytical sample, m.p. 203-205°, was prepared 

by six recrystallizations from ethanol-isopropyl alcohol. 

Calculated for 7oC 7oH 7oN 7J 

C^gH2803NI 51.24 6.34 3.15 28.50 

Found 51.04 6.08 3.24 28.39 

The infrared spectrum is given in Figure 1. 

In variations of the above procedure it was noted that halving 

the amount of triethylamine had little effect on the outcome and that 

removing the water under vacuimi was as good as removing it as an 

azeotrope. Yields on the order of 137o were obtained by adciing methyl 

vinyl ketone all at once to the reaction mixture at room temperature 

or in an ice bath, so long as at least five hours were allowed at 25° 

or below before any heating was attempted. The yield went down to 37, 

when methyl vinyl ketone was added ciropwise to the stirred reaction 

mixture at 25° followed by immediate reflux for five hours. Adding 

methyl vinyl ketone ciropwise to a stirred, refluxing reaction mixture 

seemed to result in formation of an ionic polymer. When pyriciine was 

used in place of triethylamine, only an insignificant amount of crystals 

formed in the final ethanol-ethyl acetate solution (if too much 

ethyl acetate is used, two layers form in the refrigerated solvent). 
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Infrared spectrum of the product from the reaction of 

methyl vinyl ketone with 4-methylpyridine methiodide (KBr pellet) 
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FIGURE 2. Infrared spectrum of the product from the reaction o: 

crotonaldehyde with 4-methylpyriciine methiociide (KBr pe i l r ; . ) 
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Reaction of 4-Methylpyriciine Methiociide vath Crotonaldehyde 

A solution of 0,050 mole (11,8 g,) 4-methylpyriciine methiodide, 

5 ml, water, 0,100 mole (10.1 g.) triethylamine, and 25 ml. ethanol 

was cooled to below 0° in a freezer, then 0,300 mole (15.8 g.) cold 

crotonaldehyde was added all at once. The mixture was swirled and 

allowed to stand in the freezer 16 days. Crystals appeared in the 

mixture after four days and after five days crystallization appeared 

to be complete. The yellow crystals were collected on a filter, 

washed with cold ethanol, then ethyl acetate, and ciried in a vacuum 

desiccator. The filtrate yielded no extra material under the usual 

work-up (illustrated by the way methyl vinyl ketone product was 

obtained). Yield was 33.47o (4.80 g. — 0.0157 mole), m.p. 155-159°. 

An analytical sample, m.p, 175-176°, was prepared by five recrystal

lizations from absolute ethanol, two from absolute ethanol-ethyl 

acetate, and one from methanol-ethyl acetate. 

Calculated for 7oC loH. 7oN 7oI 

CilH^4NI 46.01 4.92 4.88 44.20 

Found 45.21 4.89 4.87 44.00 

The infrared spectrum is given in Figure 2. 

When 4-methylpyriciine methiodide was reacted with crotonaldehyde 

under the following general conciitions, only a polymeric tar v;as 

obtained: (i) conciitions for cyanoethylation except that two hours 

at room temperature were allowed before refluxing for four hours; 

(ii) adciition of crotonaldehyde dropwise to a suspension of 4-methyl

pyriciine methiodide in triethylamine and absolute ethanol; and 
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(iii) adciition of crotonaldehyde dropwise to the usual reaction 

mixture which was stirred under reflux. 

Attempted Reaction of 4-Methylpyriciine Methiociide with Ethyl Acrylate 

The following attempts to cause ethyl acjrylate to react with 

4-methylpyridine methiodide were unsuccessful. 

A mixture of 0.100 mole (23.2 g.) 4-methylpyriciine methiociide, 

10 ml. water, 0.60 mole (60 g.) ethyl acrylate, 0.200 mole (20.2 g.) 

triethylamine, and 50 ml. ethanol was mechanically stirred three 

hours, followed by 14 hours at reflux. When the triethylamine was 

added to the other components, an ink blue color appeared and the 

mixture rapidly turned black. After the reflux period, 100 ml. ether 

and 50 ml. water were added and the mixture separated. The aqueous 

layer was extracted four times with ether, evaporated to ciryness 

under vacuum on a steam bath and evaporated to ciryness again with 

benzene. The residue was taken up in absolute ethanol, treated with 

Norit, filtered, and diluted with ethyl acetate. From this black 

solution, a black precipitate (less than 1 g.) was forced, m.p. 

138-147°. The black precipitate could not be recrystallized but 

came out of solution as a black syrup. 

Essentially the same result was obtained when the same mole 

ratios of components were stirred together at room temperature for 

nine days and worked up similarly. Adding the ethyl acrylate dropwise 

to a stirred, refluxing mixture of the rest of the components gave no 

ciifferent results. When 15 drops 407o aqueous Triton B was used in 

place of triethylamine, the ethyl acrylate being added ciropwise to 
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the stirred reaction mixture at room temperature followed by 15 

minutes reflux, 4-methylpyriciine methiociide (starting material) 

was isolated after separation of much polymer. 

Attempted Reaction of 4-Methylpyriciine Methiociide with Acrolein 

The following attempts to cause acrolein to react with 4-methyl

pyriciine methiociide were unsuccessful. 

A solution of 0.0500 mole (11.8 g,) 4-methylpyridine methiociide 

in 35 ml, hot absolute ethanol was introduced in a flask. When the 

stirred solution cooled, crystals appeared. More crystals formed 

when 0.100 mole (10.1 g.) triethylamine was added; nevertheless, the 

green mixture was cooled in an ice bath. Into the mechanically 

stirred, cold mixture was added 0.300 mole (16.8 g.) acrolein 

ciropwise over a 45 minute period. After the adciition of acrolein, the 

mixture became homogeneous. It was allowed to warm slowly (two hours) 

to 18° and then ciiluted with 50 ml. ether. The upper ethereal layer 

was removed, then, by pipette from the lower, gummy precipitate. 

The precipitate was washed by five, 40 ml. extractions with ether. 

The resinous residue was very hygroscopic, but relatively insoluble 

in hot ethanol. It was soluble in cold methanol but when such a 

solution was ciiluted with ethyl acetate, only an oil appeared. 

When triethylamine was added all at once to a mixture of 

4-methylpyriciine methiociide, water, and acrolein, vigorous polymer

ization occurred; therefore the conciitions for cyanoethylation could 

not be used. When 0.3 mole acrolein was added ciropwice to a 

mechanically stirred mixture of 0.05 mole 4-methylpyriciine ir.ethiodide. 
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3 ml, water, 0.1 mole triethylamine, and 25 ml. ethanol, polymerization 

still occurred exothermically so that the reaction had to be moderated 

by a water bath to 40° or less. Only polymer of a gummy, tenacious 

type could be isolated upon the usual work up. 

Attempted Reaction of 4-Methylpyriciine Methiociide with Crotononitrile 

A mixture of 0.0500 mole (11.8 g.) 4-methylpyriciine methiociide, 

3 ml. water, 0.300 mole (20.1 g.) crotononitrile, and 10 irJ.. ethanol 

was heated under reflux with mechanical stirring for 24 hours. The 

solution darkened after a few minutes heating. During an 18 hour 

period at room temperature, no crystallization occurred; therefore 

20 ml. water and 50 ml. ether were added and the rrdxture separated. 

The acjueous layer was extracted three times with 30 ml. portions of 

ether, evaporated to ciryness on a steam bath under vacuum, ciiluted 

with absolute alcohol, treated with Norit, filtered, and concentrated 

with ethyl acetate to remove traces of water. A black, viscous syrup 

could be forced out of solution with ethyl acetate but would not 

crystallize although nursed one year. 

Attempted Reaction of 4-Methylpyriciine Methiodide with 4-VinyIpyridine 

A mixture of 0.0500 mole (11.8 g.) 4-methylpyriciine methiociide, 

3 ml, water, 0.253 mole (25.0 g.) 4-vinylpyridine, 0,100 mole (10.1 g.) 

triethylamine, and 14 ml. ethanol was refluxed with mechanical 

stirring for 20 hours. After the mixture cooled, 20 ml. water and 

50 ml. ether were added and the mixture separated. The aqueous 

layer was extracted four times with 40 ml. portions of ether, then 

! J ' i ' • •. '• • - • • , 
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evaporated to ciryness under vacuum on a steam bath. The residue was 

taken up in absolute ethanol, treated with Norit, filtered, diluted 

with ethyl acetate, and concentrated to a crystallizable mixture on 

a hot plate. Black crystals, 5.05 g., m.p. 151-152°, proved to be 

starting material as verified by a mixed melting point determination. 

From the filtrate, only a black syrup which would not crystallize 

could be obtained. 

Attempted Cyanoethylation of 4-Methylpyriciine-l-oxide 

The following efforts to cyanoethylate 4-methylpyridLne-l-oxide 

were unsuccessful. The N-oxide used was Eastman's "White Label". 

(i) When the conciitions, incluciing work up, were the same as 

in the cyanoethylation of 4-methylpyriciine methiociide, only starting 

material in good recovery was isolated. 

(ii) When 0,5 ml. 407, acjueous Triton B was added to a solution 

of 0,100 mole (10.9 g.) oxide, 60 ml. t-butyl alcohol, and 0,600 mole 

(31,8 g.) acrylonitrile, the mixture heated of itself and precipitated 

a yellow polymer. After 14 hours stirring, the mixture was filtered, 

aciciified with 0,5 ml. glacial acetic acid, and evaporated to dryness 

under vacuum on a steam bath. The residue was leached with 20 ml. 

absolute ethanol. Starting material was recovered from the ethanol. 

(iii) When, in procedure (ii) the acrylonitrile was added 

dropwise (six cirops per minute) to the reactant mixture, only starting 

material was again recovered. 

(iv) When 0.5 mole acrylonitrile was added dropwise to a 
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refluxing mixture of 0.1 mole oxide, 75 ml. t-butyl alcohol, and 

1 ml. 407, aqueous Triton B, followed by 12.5 hours reflux and a 

work up similar to that described in (ii), only gumray residues 

could be isolated at any stage. 

(v) A mixture of 0.1 mole oxide, 5.7 ml. water, 30 ml. 

tetrahycirofuran, and 1.07 g. 407o aqueous Triton B was cooled with 

stirring in an ice bath. Acrylonitrile (0.980 mole — 52.4 g.) was 

added dropwise over a four hour period. Then 0.27 g. more 407o 

acjueous Triton B was added and the whole stirred under ice bath 

conditions 12,5 hours and at room temperature 13 hours. The mixture 

was finally refluxed two hours. The mixture was acidified with 

acetic acid and ciiluted with 50 ml. water. Tv̂ o layers formed, the 

upper one a viscous, red oil. When 50 ml. ether was added, a great 

glob of gum formed. The aqueous layer was separated from polymer 

and ether, extracted twice with 50 ml. portions of ether, and 

evaporated to dryness under vacuum on a steam bath, Recrystallizing 

the residue from absolute ethanol-benzene gave starting material, 

m.p. 181-182°. 

(vi) When in procedure (v) 407o methanolic Triton B was used 

in place of 407o aqueous Triton B, only various gums could be isolated. 

(vii) To a stirred solution of 0.1 mole oxide in 40 ml. glacial 

acetic acid was added dropwise 0.5 mole acrylonitrile. The solution 

was then refluxed with stirring for 18 hours. About 25 ml. chloroform 

was added and the whole was extracted with four 30 ml. portions of 

water. Then 30 ml. ether was added, followed by another extraction 
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with water. The combined water extracts were then extracted with 

ether (6 X 50 ml. portions). Water was removed from the aqueous 

solution under vacuum on a steam bath. Traces of water were removed 

by benzene azeotrope until the residue crystallized. After recrystal

lization from absolute ethanol-benzene, the residue proved to be 

starting material, m.p, 180-182°, 

Attempts to Prove the Structure of 
4-(2, 4-Pentaciienyl)pyriciine Methiociide 

Attempted Removal of Methyl Iociide from the Product of Crotonaldehyde 
and 4-Methylpyri ciine Methiociide 

The product from the reaction of crotonaldehyde with 4-methyl

pyriciine methiodide was heated under a vacuum of about 3 mm, A trap 

was provided, iramersed in an ice water bath, to catch any product. 

Heating was by a Wood's metal bath. At bath temperature 180-200°, 

the substance melted with production of a redciish color and evidence 

of gas evolution. The bath temperature was slowly raised to 350°; 

however nothing ciistilled. Instead, a visible fog gradually evolved 

and a few drops of a very viscous, yellow oil collected in the 

condenser. The material in the pot turned from a syrup to a resin. 

The contents were discarded as polymer. 

Attempted Hydrogenolysis of the Product from Crotonaldehyde and 
4-Methylpyriciine Methiociide 

A mixture of 3,00 g, product from the reaction of crotonaldehyde 

with 4-methylpyriciine methiociide, 90 ml. absolute ethanol, and about 

5 g, Raney nickel was hydrogenated on a Parr ^ycirogcnator, starting 
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pressure 34 psi hydrogen for eight hours, during which time the 

pressure fell to 32,5 psi. The mixture stood without shaking an 

extra 12 hours, during which the pressure fell to 31,5 psi. (The 

drop in pressure from 34 psi to 31,5 psi about matched the cirop in 

pressure expected due to leakage during this time,). The mixture 

was filtered through "Celite" to remove catalyst and concentrated 

on a hot plate. No crystals appeared until the solution was diluted 

with ethyl acetate, when dust-fine crystals appeared. After about 

24 hoiirs the dust-fine crystals (resembling starting material) went 

back into solution and could be reprecipitated only as an oil. 

Attempted Diels-Alder Reaction between Maleic Anhydride and the Product 
from the Reaction of Crotonaldehyde with 4-Methylpyriciine Methiociide 

In 10 ml. N,N-dlmethylformamide were dissolved 0.50 g. product 

from the reaction of crotonaldehyde with 4-methylpyriciine methiociide 

and 0.0035 mole (0,34 g,) recrystallized maleic anhydride (m.p. 

52-53.5°). The solution was heated slowly from 29° to 85° over a 

1.5 hour period and at 85° for 45 minutes. Since the solution 

had turned black, heating was ciiscontinued and the solution allowed 

to stand at room temperature 19 hours, followed by ciilution with 

25 ml. ethyl acetate. A small amount of yellow crystals formed over 

a 24 hour period. Another 10 ml. ethyl acetate was acided but no 

more crystals appeared although a film of polymer-like material formed 

upon the glass. The yellow crystals were starting material, 

m,p. 178-179°. 
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Reduction of 4-Methyl-l-benzylpyridinium Chloride with Raney Nickel 

A mixture of 0.0335 mole (7.33 g.) 4-methyl-l-benzylpyridinium 

chloride, 100 ml. absolute ethanol, and about 4 g. Raney nickel was 

hydrogenated on a Parr Hycirogenator for 3.5 days. Through constant 

checking and renewal, the pressure was kept as close to 50 psi hycirogen 

as possible. The mixture was then filtered through "Celite" to remove 

catalyst and ciiluted with about 50 ml. water and 2 ml. concentrated 

hycirochloric acid. The mixture was concentrated on a hot plate to 

remove ethanol, followed by three extractions with 40 ml. portions 

of ether. The mixture was made basic with potassium hydroxide and 

extracted three times with 30 ml. portions of ether. The last three 

ether layers were combined and dried over potassium hydroxide about 

24 hours and then decanted. The ether solution was stored one week 

and distilled at 540 mm. The ether was collected in an ice-cooled 

trap and treated with a saturated solution of picric acid in ether. 

Less than 0.1 g. of picrate, m.p. 165-156°, precipitated, showing 

the ether could be discarded without throwing away significant 

amounts of product. Yield of 4-methylpyridlne, distilling at about 

120°, was 147o (0.43 g. — 0.0046 mole). A picrate was made by 

ciissolving three drops of product in ether and adding a saturated 

solution of picric acid in ether. When recrystallized from absolute 

ethanol, the picrate melted at 154.5-156° [reported m.p. 167° (48)] . 

Reduction of 4-Methyl-l-benzylpyridinium Chloride with 107, Pd on Charcoal 

A mixture of 0.0335 mole (7.34 g.) 4-methyl-l-benzylpyriciinium 
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chloride, 100 ml. absolute ethanol, and 0.5 g. 107o Pd on charcoal 

[prepared accorciing to Vogel (49)] was hydrogenated on a Parr 

Hydrogenator for two days. Average pressure of hydrogen was about 

38.5 psi. After hydrogenation, the solution was filtered through 

"Celite" to remove catalyst and diluted with 50 ml. water and 3 ml. 

concentrated hydrochloric acid. The solution was concentrated on 

a hot plate to remove ethanol, followed by three extractions with 

40 ml. portions of ether. The aqueous layer was then made basic with 

potassium hydroxide and extracted three times with 30 ml. portions of 

ether. These last three ether extracts were combined, dried eight 

hours over potassium hydroxide, decanted, and stored three days. 

The ether solution was again decanted from a black residue, concentrated 

on a hot plate, and distilled (at 640 mm.) from a 10 ml. distilling 

flask. There were four fractions from the distillation: (i) 0.78 g., 

b.p. 75-120°, (ii) 1.28 g., b.p, 120-145°, (iii) 0.65 g., b.p. 145-160°, 

and (iv) 0.89 g., b.p. 250°. A picrate was made from fraction (ii) 

by adciing a few drops to a saturated solution of picric acid in ether. 

The picrate melted at 162-163° after one recrystallization from 

absolute ethanol and m.p. 153-165° after two such recrystallizations 

[reported m.p, of 4-methylpyriciine picrate, 157° (48)] . Yield of 

4-methylpyriciine incluciing all fraction (ii) was 417o (0,01375 mole). 

Reaction of 4-Methyl-l-benzylpyridlnium Chloride with Crotonaldehyde 

A solution of 0,0500 mole (10.9 g.) 4-methyl-l-benzylpyridinium 

chloride, 5 ml. water, 25 ml, ethanol, and 0.100 mole (10.1 g.) 
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triethylamine was cooled in a freezer to less than 0°; then 0.300 

mole (21,0 g,) crotonaldehyde was added. The mixture was swirled 

and kept in a freezer. Eleven ciays later, no crystals had appeared; 

therefore the solution was ciiluted with 20 ml, water and 50 ml, ether 

and separated. The acjueous layer was extracted three times with 

40 ml, portions of ether. Water was then removed from the acjueous 

layer by benzene azeotrope under a Dean-Stark trap. After benzene 

was decanted from the residue, it was taken up in absolute ethanol, 

treated with Norit, filtered, and ciiluted with ethyl acetate. No 

crystals ever appeared and only syrup could be forced out of solution 

with ethyl acetate. 

The same results were obtained when a solution of 0,05 mole 

pyriciinium compound, three ml. water, 0.1 mole triethylamine, 18 ml. 

ethanol, and 0.3 mole crotonaldehyde was allowed to remain in a 

freezer 37 ciays. 

Hydrogenation of the Liquid Residue from the Reaction of 4-Methyl-l-
benzylpyriciinium Chloride with Crotonaldehyde 

One-half of the residue which remained when water was removed 

in the irameciiately prececiing procedure (no ethanol or ethyl acetate 

was present yet) was hydrogenated in a Parr apparatus for three days 

along with 4 g. Raney nickel and 100 ml. absolute ethanol. Starting 

pressure was 51 psi hycirogen; at the end of the three days, pressure 

was 50.4 psi (very little leakage, this run). The solution was 
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filtered through "Celite" to remove catalyst and worked up as in the 

preceding reduction of 4-methyl-l-benzylpyridinium chloride. 

Yield was two drops, b,p, 100-150° (640 mm,). When these cirops 

were added to a saturated solution of picric acid in ether, no 

picrate was formed. 
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Discussion 

Under triethylamine catalysis, 4-methylpyriciine methiodide is 

tri cyanoethylated, whereas 2-methylpyriciine methiodide is cii cyanoethyl

ated. There can be no doubt that the following products were obtained: 

III from 4-methylpyridine methiociide, IV from 2-methylpyriciine 

methiodide. 

(CH2CH2CN^ 

I© ^ • ^ : ^ C H ( C H 2 C H 2 C N ) . 

Ill 

CH3 I © 
IV. 

To explain why 2-methylpyridine methiociide is only di cyanoethylated 

despite its possession of three potentially reactive hycirogens, the 

following theory was evolved. 

The intermediate anhydro bases obtained from the alkylpyriciine 

methiodides may be inciicated as below: 

no r\| V 

R. 

CH3 
t 

C 

H3;; R2 

VI, 
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One may recognize each of the preceding representations as only one 

of several resonance structures which may be drawn for the respective 

intermeciiates; although the other resonance structures which may be 

drawn preserve the aromatic pyridine ring, they involve separation 

of charges. At any rate, the actual intermediate will have a 

considerable amount of double bond property between the oC or V 

substituted carbon atom and the ring. The double bond properties 

illustrated in V or VI should tend to make a planar intermeciiate 

anhydro base, including all bonds drawn. Now, if R^ and R, are 

cyanoethyl groups, structure VI may not form because of steric hindrance 

with the N-methyl; the reaction would, then, stop with dlcyanoethylation. 

There would be no hindrance in structure V if R-, and R2 were cyanoethyl 

groups; hence under the reaction conditions a cii cyanoethylated base 

like V would be available to attack more acrylonitrile, forming 

tricyanoethylated product. 

In order to test the above postulate, a number of other alkyl

pyriciine methiociides were cyanoethylated with the following results: 

(i) 2,6-dimethylpyriciine methiociide adds four moles of acrylonitrile, 

(ii) 2,4-ciime thylpyri ciine methiociide adcis five moles of acrylonitrile, 

(iii) 2,4,5-trime thylpyri dine methiociide adds seven moles of 

acrylonitrile, and (iv) quinaldine methiodide adds two moles of 

acrylonitrile. All the results are consistent with the original 

postulate. 

It was further preciicted that since an adjacent C-methyl would 

be expected to have the same steric effect as an adjacent N-methyl, 
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2,3-dimethylpyridine methiodide would be only monocyanoethylated 

and 3,4-dimethylpyridine methiodide would be only di cyanoethylated, 

as may be visualized from the following structures of the anhyciro 

bases: 

N "C 

CH3;', Rj 

\ 

VII VIII. 

The actual <3yanoethylations were undertaken to test the theory and 

the preciicted products were obtained in each case. 

If R-] is a methyl group, anhydro base VI also would not be 

expected to form, imless R2 were hycirogen; thus 2-ethylpyriciine 

methiociide would be expected to be only monocyanoethylated, A 

deliberate synthesis verified this preciiction. 

The synthesis of pyrindane was undertaken in order that its 

methiociide could be cyanoethylated, Pyrindane methiociide was expected 

to be dlcyanoethylatedn since a planar anhydro base would be assured 

by the ring structure which should also direct the boncis to slightly 

ciifferent angles. The experimental results again verified the 

preciiction. The following equation illustrates the reaction: 
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CH^hfCN 

ET3N 
'" "̂  (CH2CH2CN) ©N-

© CH3 

4-Ethyl and 4-n-propylpyriciine methiodides presented no steric 

ciifficulties, and in each case two cyanoethyl groups were introduced. 

Reactions of substituted pyriciine methiodides with aromatic 

aldehydes may also be sterically controlled. Phillips (22) argued 

that the following mechanism for the reaction is probable and that 

steric inhibition of the formation of X would probably govern the 

outcome of the reaction: 

I® CH 
,,-,x. 

IX 

IX 
ETOH 

• » OH +®OET 

®r R 
CH3 

-ETOH 
/R 

N ^ Ĉ  OH 
CH3 R 
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-OH © 

X 
I© R 

®N' C=C 
CH3 R H 

XI. 

In order to compare Phillips' proposal with the current results 

on acidition of acrylonitrile to alkylpyridine methiociides, a review 

of the adciition of aldehydes to substituted pyridine methiodides will 

be presented. 

It has been reported that under usual condensation conciitions the 

following methiodides reacted with aromatic aldehydes to give 

stilbazole derivatives: 

I © 

CH2CH3 

XII 

reference (23) 

I^ CH3 
XIII 

reference (24) 

XIV 

reference (24) reference (27). 
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On the other hand, it has been reported that the following methiodides 

did not react with aromatic aldehydes under the usual conciitions: 

XVI 

reference (22) 

'3 

XVII 

reference (24) 

I^ CH: 

XVIII 

reference (24) 

Compound XII poses no steric problem and it is easy to see why 

it reacts. In view of the fact that pyrinciane reacts with two 

moles of acrylonitrile, XIII should and does react with aromatic 

aldehydes. 

Williams, et. al. (29) have shown that trans salts are formed 

from 2-methylpyriciine methiociide and aromatic aldehydes under 

piperidine catalysis, and Horowitz (50) has shown that trans-2-styryl-

quinoliniimi compouncis are formed from quinalciinium salts under 

analogous conciitions. These observations may be explained by N-CH3 

hincirance of intermeciiate anhyciro bases similar to X. 

The non-reaction of XVI fits in with the cyanoethylation scheme 

since anhyciro base X (where R = -CH3, Y = -H) should not form. 

However, that XIV and XV react means that anhyciro bases similar to 

X, in which R = -H, Y = -CH3, are not too hindered to form; there is 
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no analogy here with the cyanoethylation reaction and the results 

could not be predicted in view of the nonreactivity of XVI. That 

XVII and XVIII do not react whereas XIV and XV do, suggests that 

unknown steric factors may be involved. The area of condensations 

of aromatic aldehydes with various pyriciine methiodides may thus be 

a fruitful field for further research. (This ciissertation includes 

in the Experimental, conciitions for the reaction of XII and of 

3,4-dLmethylpyridine methiodide with £-dimethylaminobenzaldehyde). 

The cyanoethylation of alkylpyridine methiodides under triethyl

amine catalysis appears to be a useful route to higher substituted 

alkylpyridines. Of course the steric hincirance to the intermeciiate 

anhyciro bases must be taken into account in predicting the number of 

cyanoethyl groups which enter the molecule, yet the preceding 

ciiscussion shows this can easily be done. Yield in the cyanoethyl

ation reactions ranged from 997o to 427o and in most cases was better 

than 707o. Removal of methyl iociide from the cyanoethylated compound 

also proceeded in acceptable yields and it may be that the yield can 

be increased, as will be noted later. 

As has already been pointed out, the yield of cyanoethylated 

pyriciinium compound is higher in the presence of triethylamine catalyst 

than when sodium methoxide is used. One of the ciisadvantages of 

using the stronger bases such as sodiimi methoxide is that acrylonitrile 

is readily polymerized. Besides removing acrylonitrile from 
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availability in the reaction mixture, polymerized acrylonitrile 

complicates the isolation of product. No polymer was noticed when 

triethylamine was used as catalyst, even after 48 hours reflux. 

Crude amine methiociides were cyanoethylated in the present 

research; yet in two cases purified methiociides were used to see 

how the yields were affected. In the cyanoethylation of 2,5-ciimethyl-

pyriciine methiociide, product was isolated in 82.27, yield when 

recrystallized pyriciinium salt was used versus 75.37o otherwise. 

When recrystallized 3,4-ciime thy Ipyri ciine methiociide was cyanoethylated, 

product was isolated in 577o yield versus 49.57, when raw material was 

cyanoethylated. In both cases, care was taken so that reaction 

conciitions were the same for each rrui. Since considerable losses 

were involved in crystallizing the alkylpyriciine methiociides to good 

melting points, it may be seen that it is more economical to use 

the crude material for cyanoethylating. The quality of the product 

ciid not seem to be affected in the two cases described. Although 

the methiociide of 2,4-dimethylpyridine could not be purified, the 

product could reaciily be, (The infrared spectrum of "857o" 2,4-ciime thyl

pyri dine showed the major contaminant to be 2,5-ciimethylpyriciine; 

hence there would be a ciifference of three cyanoethyl groups in the 

respective cyanoethylated methiodides.) 

In adjusting the mole ratio of acrylonitrile and triethylamine 

to alkylpyriciine methiociide for the cyanoethylations, it was assumed 

that all hycirogens attached to carbon atoms which were in turn 

attached to the pyridine ring at the 2, 4, or 5 position were 
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potentially reactive; then for each such hycirogen atom, two times the 

theoretical amount of acrylonitrile was used and about 0.33 mole 

triethylamine per mole of acrylonitrile. The above quantities assured 

an excess of acrylonitrile; perhaps less triethylamine could be used 

satisfactorily although such was not investigated. 

After a solution of acrylonitrile, triethylamine, pyridinium 

compound, enough water to dissolve the salt, and enough ethanol to 

make an homogeneous solution had been allowed to react at reflux 

temperature, the product either separated from the reaction mixture 

as crystals or had to be recovered from the solution in which it was 

soluble. Sometimes, the adciition of ether was sufficient to 

precipitate the product as filterable crystals. When crystals could 

not be forced out of the reaction mixture with ether, water was 

added and product could be recovered from the aqueous layer. Before 

evaporating the aqueous solution to ciryness (imder vacuum), it was 

extracted several times with ether to remove triethylamine and excess 

acrylonitrile; this separation avoided complications which might arise 

in purifying the residue. 

Quinaldine methiociide reacted exothermically with acrylonitrile 

in the reaction medium. Refliixing the reaction mixture like the 

general pattern of c:yano ethyl ating alkylpyriciine methiociides resulted, 

in this case, in formation of a purple tar. The purple tar was soluble 

in acetone, slightly soluble in water, but insoluble in methanol, 

benzene, or ethyl acetate. Since the purple tar lowered the yield and 

complicated isolation of product, the reaction was allowed to proceed 
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at room temperature. Even then some of the tar formed, but washing 

the product with acetone removed most of it and decolorizing charcoal 

(Norit) adsorbed the rest, Quinaldine methiociide was the only 

substituted pyridine methiociide of those tried which necessitated such 

a deviation from the general cyanoethylating procedure. 

The cjyanoethylated alkylpyridine methiodides could in most cases 

be recrystallized from ethanol-water. Occasionally, however, the 

product was too soluble in water to form good crystals; examples are 

cyanoethylated 4-ethylpyriciine methiodide and cyanoethylated 

3,4-dime thy Ipyri ciine methiociide. These products were soluble in 

methanol or ethanol; the alcohols could then be ciiluted with a nonpolar 

solvent like acetone or ethyl acetate to form a meciium for crystallization. 

A mixed solvent of this sort was also useful in recrystallizing the 

parent pyridinium iociides, which were too hygroscopic for water to 

be used. Ethyl acetate was particularly advantageous for use in 

combination with ethanol or methanol because both alcohols form a 

ternary azeotrope with ethyl acetate and water, thus removing traces 

of water which may have been adsorbed from the atmosphere. 

The amines from which the methiociides were prepared reacted at 

ciifferent rates with methyl iociide in refluxing benzene. To insure 

a good yield of methiociide salt, the reflux times tabulated in the 

experimental section of this ciissertation should be adhered to. 

The parent methiodide salts also exhibited different degrees of 

hygroscopicity; 4-ethyl and 2-ethylpyridine methiodides were actually 

deliquescent. Other methiociides such as 2-methyl, 4-methyl, or 
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2,4-ciimethylpyricilne methiodides could be allowed to remain in the 

atmosphere on a dry ciay as long as 14 hours without any noticeable 

moistening. 

The general reaction of alkylpyriciine methiodides with acrylonitrile 

has been extended to include 4-methyl-l-ethylpyriciinium bromide and 

4-n-propyl-l-benzylpyriciinium chloride. There is no reason to expect 

that other halide salts would fail to react. 

Despite numerous efforts 'to get 4-methylpyriciine-l-oxide to 

react, the N-oxide has so far resisted reaction with acrylonitrile. 

The N-oxides may have been expected to react because of additional 

stabilization of the intermeciiate conjugate bases due to contributions 

of the following resonance structure: 

It was noted that the hydrochloride salt of 4-methylpyriciine ciid 

not react with acrylonitrile in the presence of excess 4-methyl

pyridine, Reaction might possibly have occurred accorciing to the 

following scheme: 
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+ 

H CI © 

^H2CH2CN): 

f 

CH. 

N 
I 
H 

4-

< 

CH2-CH-CN 

Probably the first reaction above proceeds to a negligible extent, 

if at all, since the N-hydrogen is much more readily donated to 

4-methylpyridine than the one inciicated. 

The removal of methyl iodide from cyanoethylated alkylpyriciine 

methiodides went well, although high temperatures and high vacuums 

were necessary. In three cases, the cyanoethylated amine ciistilled: 

yield of 2-[bis(2-cyanoethyl)methyl| pyriciine (XIX) (cyanoethylated 

2-methylpyriciine) was 837o; yield of 2-[l-(2-cyanoethyl)ethyl] pyridine 

(XX) (cyanoethylated 2-ethylpyriciine) was 847,; yield of 4-[l,l-bis-

(2-cyanoethyl)propyl] pyridine (XXI) (cyanoethylated 4-n-propylpyriciine) 

was 707o, In the latter case the product was crystalline, m.p. 74,5°, 

at room temperature. When the product ciid not ciistill, the yields 

were somewhat lower: yield of 2,5-bis[bis(2-cyanoethyl)methyl] pyriciine 

(XXII) (cyanoethylated 2,6-dimethylpyridine) was 787,; yield of 
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4-[tris(2-cyanoethyl)methyl] pyridine (XXIII) (cyanoethylated 

4-methylpyridine) was 437o; yield of 2,6-bis[bis(2-cyanoethyl)methyl]-

4-[tris(2-cyanoethyl)methyl] pyridine (XXIV) (cyanoethylated 2,4,6-

trimethylpyridine) was 357o, It is possible that the yields could be 

improved in these latter reactions by lengthening the time under heat 

and vacuum. One may even achieve distillation of XXII by using a 

better vacuum than was available when the reaction was r\m. 

It was found that benzyl chloride could be removed from 

cyanoethylated 4-n-propyl-l-benzylpyriciinium chloride under similar 

conditions for the removal of methyl iociide from the methiodide salt. 

Because benzyl chloride [b.p, 34° (1.9 ram,)] was not as volatile as 

methyl iodide, some cirops clung to the cooler parts of the decomposition-

ciistillation apparatus and contaminated the receivers; hence XXI was 

not ciistilled during the reaction (XXI was ciistilled from the 

methiociide salt) but was recovered from the residue in the reaction 

vessel by recrystallization from ethanol-cyclohexane. At any rate, 

yield of XXI from the benzyl chloride salt was 527o versus 707o from 

the methiociide salt. It may be noted that cyanoethylation of 

4_n-propylpyridine methiociide proceeded in 997o yield versus 697o yield 

when the benzyl chloride salt was cyanoethylated. Thus it may be 

seen that the route to the cyanoethylated amine via the benzyl 

chloride salt presented no advantage over the route via the methiociide 

salt; indeed the benzyl chloride salts were more hygroscopic, hence 

more cdlfficult to hancile. 

The first crystallization of XXII took six months to accomplish 
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probably because of its low melting point (55,5-56°) and because of a 

lack of seeds. All further recrystallizations proceeded quite readily. 

Generally, attempts to extend the synthesis to well known 

Michael-type adducts other than acrylonitrile were unsuccessful, 

although interesting products were obtained in two cases. Methyl 

vinyl ketone reacted with 4-methylpyridine methiodide and so ciid 

crotonaldehyde, but yielcis were low. Product with methyl vinyl ketone 

could be obtained in no better than 167o yield; product with croton

aldehyde was at best 33,47o yield. 

The analysis of the product from reaction of 4-methylpyriciine 

methiociide with methyl vinyl ketone corresponded to an empirical 

formula of CngH2803NI. The product had important infrared bands 

(the infrared spectrum is given in Figure 1) at 2.8^ (3570 cm. ), 

5.78^(1730 cm."-^), and 5.9i<. (1695 cm.""-^). The band at 2.8/dmay be 

assigned to an 0-H stretch while the band at 5.9̂ 0.may be assigned to 

a carbonyl (ketone) stretching. The band at 5.78/(may mean another 

carbonyl (keto) but it is in a region where the double bond also 

absorbs. Compounds which would fit both infrared spectrum and 

analytical results are 
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3 
XXV 

(CH2CH2eCH^ 
g-cH3 

and 

c-(;:0H-CH=CH2 
ICH3 o 
CH3 

XXOT, 

One can imagine the formation of XXV from the following 

sequence of reactions: 

.5-

0 
CH2=CHCCH3 

XXVII 

9̂ 3̂ 0-

(iH2^"2CH2qCH3 

C(CH2CH2̂ CH3)3 CHzCCH2CH-9CH3 

97CH3 

© 

-> XXV 
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Formation of XXVI could be attributed to the following type of 

reaction where R-^ = R^ = -CH2CH2COCH3 : 

Rj-C© 

f 
+ CH3c!-CHsCH2 

R.p® 
R2-C-(;-CH=CH2 

CH: 
BH 

I© 

© 
-> XXVI+B 

Depenciing on the reaction sequence, of course, R-^ may be -H and 

R2 ~ -CH2CH2COCH3, or R2_ = R2 = -H ; in either of these two cases 

XXVIII would have to react with more methyl vinyl ketone to form 

XXVI, The type of reaction just illustrated may have some precedent 

in the reaction which will be described later of crotonaldehyde 

with 4-methylpyriciine methiociide. 

Nothing farther has been done to prove whether the product is 

XXV, XXVI, or some other compound, one reason being the low yield in 

which product was obtained. The low yield could not be increased 

despite wide variations in the reaction conditions. 

The analysis of the product from reaction of 4-methylpyriciine 

methiociide with crotonaldehyde corresponded to an empirical formula 

of C21HJL4NI, The infrared spectrum (the spectrum is given in 

Figure 2) and analysis suggest the following structure 



74 

CH=CH-CH=CH-CH3 

© 

XXIX.' 

Such a compxDund as XXIX may come from the following secjuence of r eac t ions , 

CH. 

+ B 
-BF^I® 

© 

XCH=CHCH:, 
H^ 5 

> 

0 
I 
© 

CH2CHCH=CHCH3 

N 
I 
CH 

(J)H 
CH2CHCH=CHCH3 

BH®I® 
^ 

- B 

-H2O 
^ XXIX 

.© 

XXX 

A number of methods have been undertaken to prove the structure 

XXIX but none have so far been successful. These methocis have 

included an attempt to cause maleic anhyciride to react with the product 

in a Diels-Alder reaction: 



XXIX + II 0 
HC. / 

^̂ 0 

DIELS ALDER 

CH3 

CH ^CH'̂ x 
II I 0 
CH ,CK^/ 

© 
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The Di els-Alder reaction (51) is usually not undertaken with ionic 

compouncis, but a method was devised in which the use was avoided of 

water or alcohols (which may react with the maleic anhydride) as 

solvent. The compound suspected of being XXIX and maleic anhyciride 

were ciissolved in N,N-dimethylformamide and heated together, followed 

by dilution with ethyl acetate. The expected ionic product should 

should have been insoliible in ethyl acetate and recoverable by 

filtration; however only starting material (not maleic anhydride 

for it is reaciily soluble in ethyl acetate) and an indefinite 

polymer were obtained. 

Methyl iociide could not be removed from the crotonaldehyde — 

4-methylpyriciine methiociide product, as it could from the cyanoethyl

ation products, apparently because the heat caused polymerization; 

this would be expected were the compound XXIX. The suspected 

conjugated double bond did not seem to be reduced with hydrogen and 

Raney nickel or else any 4-pentylpyriciine methiodide was too 

hygroscopic for recovery. A melting point for 4-pentyIpyridine 

methiociide has been reported, m.p. 76-78° (52). 
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In order to prepare 4-(2,4-pentadienyl)pyridine, an attempt 

was made to cause crotonaldehyde to react with 4-methyl-l-benzyl

pyridinium chloride; unfortunately no product could be recovered in 

good form, for all that was obtained was a dark, viscous oil which 

would not crystallize. It was hoped the product would have the 

following structure 

CH:CH-CH=CH-CH3 

CI® 

XXXII. 

Since, in the present work, 4-methyl-l-benzylpyridinium chloride has 

been reduced by hydrogen and Raney nickel to form 4-methylpyriciine in 

147, yield, it was hoped that XXXII could be reduced to 4-(2,4-penta-

ciienyl)pyriciine (or 4-pentylpyriciine); however a reduction of 

noncrystalline residue from the reaction of crotonaldehyde with 

4-methyl-l-benzylpyriciinium chloride yielded no amine hydrochloride. 

The benzyl group is usually reduced to toluene by palladium on 

charcoal hydrogenation catalyst (53). Pallacdlum on charcoal is a 

more powerful reducing catalyst than Raney nickel. Although an 

increased yield (417o) of 4-methylpyriciine could be obtained when 

4-methyl-l-benzylpyridinium chloride was reduced with hydrogen in 

the presence of 107, Pd on charcoal, there were other reduction products, 
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Probably the pyriciine ring had been reduced to the pipericiine ring — 

possibly both before and after removal of the benzyl group as toluene. 

Because of these complicating side reactions (4-pentylpipericiine is 

unknown) pallaciium on charcoal was not tried for the reduction of the 

syrup obtained from the reaction of crotonaldehyde and 4-methyl-l-

benzylpyridinium chloride. It is felt that the low yield of 4-methyl

pyridine from the hycirogen and Raney nickel reduction of the benzyl 

chloride salt was merely due to the slowness of the reaction (three 

days at 50 psi hydrogen were taken for 147o yield) and that little, 

if any, reduction of the pyriciine ring occurred since the picrate of 

the only fraction obtained was readily purified in good recovery. 

The Michael reaction of acrolein with 4-methylpyriciine methiociide 

was unsuccessful largely because of the ready tendency of acrolein or 

its reaction products to polymerize. Acrolein was found to polymerize 

very rapicily and exothermically in the presence of triethylamine and 

water; therefore the usual conciitions for cyanoethylation could not 

be used. Even adciing the acrolein (dropwise to the reaction mixture 

at room temperature led only to resins. Running the reaction at ice 

bath temperature in the absence of water (acrolein added ciropwise 

to a mixture of pyriciinium salt, triethylamine, and absolute ethanol) 

followed by removal of excess acrolein in ether extracts, probably 

led to some adciition of acrolein to the pyriciinium system because an 

ionic polymer was formed. The resinous product was soluble in 

methanol or water but insoluble in ethanol, chloroform, or acetone. 

The reaction was doubtless complicated by the fact that the anhydro 
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base could attack acrolein either in Michael fashion at the carbon-

carbon double bond or at the aldehyde function as in the probable 

case with crotonaldehyde. The various isomers would all possess the 

ability to react further, eventually leaciing to polymerization. 

Crotononitrile apparently ciid not react with 4-methylpyriciine 

methiociide under cyanoethylation conditions. Crotononitrile would 

not be expected to be as good an adduct as acrylonitrile for two 

reasons. It has an extra methyl group hindering access to the double 

bond and, being an electron donating group, the methyl group decreases 

the positive nature of the carbon to which it is attached. The 

literature is full of examples in which crotononitrile failed to react 

under conditions which cause reaction of acrylonitrile. 

Under cyanoethylation conciitions, 4-vinylpyridine also ciid not 

react with 4-methylpyriciine methiociide and starting material was 

obtained in better than 507o recovery although the reaction had been 

refluxed 20 hours. 

A variety of conciitions were tried to cause ethyl acrylate to 

react with 4-methylpyriciine methiodide, but all of them led only to 

a black mixture from which only a black, water soluble oil could be 

isolated, A mixture of 4-methylpyridine methiodide, ethyl acrylate, 

water, ethanol, and triethylamine or Triton B rapidly turned black 

(in a few seconds) at room temperature or above; the reactions of the 

methiodide with crotononitrile and with 4-vinylpyridine also turned 

black, but only after several hours reflux. 

Variations of the reaction with ethyl acrylate included the 
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usual cyanoethylation conciitions. The reaction mixture was also 

allowed to stand nine days at room temperature without any reflux. 

The adxiition of ethyl acrylate ciropwise to a refluxing solution of 

4-methylpyridine methiodide, water, ethanol, and triethylamine ciid 

not help, nor ciid the use of Triton B in place of triethylamine 

(ethyl acrylate was acided ciropwise to the reaction mixture at room 

temperature, followed 15 minutes later by 15 minutes reflux). 
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Conclusions 

1. The triethylamine catalyzed addition of acrylonitrile to 

alkylpyridine methiodides is sterically controlled; consideration 

of the steric requirements of the intermeciiate anhyciro base allows 

preciiction of the structure of the product. 

2. There are some similarities between the addition of aldehydes 

(which seems to be sterically controlled) and of acrylonitrile to 

alkylpyriciine methiodides, although a strict analogy in regard to 

steric recjuirements can not be drawn. 

3. The cyanoethylation of alkylpyridine methiociides as developed 

herein and the removal of methyl iociide from the products, as also 

demonstrated, together provide a valuable route to higher substituted 

pyriciine compouncis. In this connection, seventeen new compounds have 

been synthesized and characterized. 

4. The reaction can be extended to alkylhalides other than the 

methiodides but in the cases stuciied no advantage in yield was 

obtained. 

5. The reaction cannot be extended to the following Michael-

type adducts without cirastic changes in the reaction conciitions: 

ethyl acrylate, crotononitrile, acrolein, 4-vinylpyridine, methyl 

vinyl ketone, and crotonaldehyde. 
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6. Crotonaldehyde slowly reacts under refrigeration with 

4-methylpyriciine methiodide (triethylamine catalyzed) probably to 

form 4-(2,4-pentadi enyl) pyridine methiociide. 

7. Methyl vinyl ketone can be made to react with 4-methylpyridine 

methiociide (triethylamine catalyzed) but product is obtained in poor 

yield. Structures have been proposed for the product. 
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