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GENERAL INTRODUCTION 

The biological significance .of certain pyridinium betaines, 

such as diphosphopyridine nucleotide and triphosphopyridine nucleotide, 

has been f'ully recognized. The vital importance of the se substances in 

the life of organisms provided an impetus for extensive research in this 

field, with the result that our knowledge concerning the oxidation-reduct­

ion processes in living orga.nisms has been greatly enriched. 

There were, however, additional factors which stimulated this 

research. Since pyridinium betaines, such as trigonelline and hcmarine 

were isolated fran natural sources, it was expected that investigation of 

these substances would afford information about the biological methylation 

process. Other pyridinium betaines were found to be highly reactive inter­

mediates of the alkaline cleavage of certain pyridinium salts. Investigat­

ions which began in the early thirties revealed that pyridinium salts were 

invaluable intermediates in the synthesis of a great variety of organic 

canpounds, and thus a new branch of unusual versatility and importance in 

organic chemistry was opened. 

The object of the present research was to study the synthesis of 

a series of pyridinium betaines which possessed a keto or a carboxylic 

group as their main anionic function. Certain pyridinium betaines containing 

the 1,3-indandione group were synthesized successfully. The behaviour of 

the isomerie pyridinemonocarbo:xylic acids in the formation of 113-indandione 

pyridinium betaines was noted wi th interest. In this case it was discovered 

that the carbonyl group became the negative centre of the dipolar ion in 

preference to the carbo:xylic group when both these fUnctional groups were 

present in the SaJœ molecule. This type of betainization involving the 
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carbonyl group as the main negative centre, also was round to occur when 

2-bromo-acetophenone reacted with pyridinecarboxylic acids. 

The uncertainty which existed about the nature of addition 

compounds obtained from the reaction of certain o<-halo ketosteroids with 

pyridine bases was elucidated. That these addition products were typical 

pyridinium salta was established. Elimination of hydrogen halide from 

these substances resulted in the formation of the corresponcling coloured 

betaines. The study of pyridiniurn salta in ketosteroids, in conjunction 

with the attempted synthesis of pyridinium betaines containing a carboxylic 

group as the an ionie function of the di pole, was an integral part of the 

investigation concerning the synthesis of nitrogen-containing steroidal 

canpounds, which is in progress in this laboratory. 
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HISTORICAL INTRODUCTION 

structure and character of the betaines 

A great number and variety of organic compounds belong to the 

class of betaines. For the most part, these betaines are obtained by 

synthe sis in vitro, al though some of them are distributed in nature. 

In spite of the variation among these compounds their chemical., 

and more particularly their pbysical, properties are quite similar. This 

similarity is due apparently to the dipolar character of the molecule, 

especial.ly to the cationic function which is always located at a tetra-

substituted quaternar,y nitrogen atom. 

Consequently betaines may be defined as dipolar ions, the positive 

and negative charges of which are located at different centres in the 

molecule, and in which the positive charge is situated at a quaternary 

ni trogen a tom. 

Originally the term betaine was used (1) to designate the simplest 

member of this class of compounds, the anhydride of carboxym.ethyltrimethyl­

ammonium hydro.xide (I). This compound, which is widely distributed in 

CH3 
~~ ca 

H3C-N -CH2COO 
1 
CH3 

I 

plants, was given the name betaine by Scheibler (2) when he first isolated 

it from the plant 11Beta vulgaris11 • Scheibler isolated the compound in its 

hydrate form, and by heating this hydrate at 100° he obtained the free 

betaine (I). 

The name betaine was extended la ter by :sr{lhl (3) to incl.ude the 
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higher homologues of the original betaine. This investigator prepared tlle 

trimethyl~-propiobetaine using etnyle(-chloropropionate and tr.imethylamine. 

In addition, Brllhl (4) arbitrarily proposed a ~clic structure for the 

betaines based on a pentavalent nitrogen atan. This proposal appeared to 

contradict the :f'act, which he had observed and reported, that the bet<rl.nes 

had a basic and acidic character (4). 

In early investigations of this class of compounds, only the 

cyclic structure was used for betaines. However more and more experimental 

resulta were accumulated which could not be explained on the basis of auch 

a cyclic structure (II), for example the solubility of betaines in polar 

solvants, the quite high melting points of these campounds, and their basic 

II 

and acidic nature. In view of these experimental facts, a revision of the 

established structure for betaines seemed necessary. 

The disagreement between the proposed structure and physical 

properties of betaines reflected the confusion ~ich existed at that time 

about the character of amino acids and proteins. It was obvious that the 

first members of the betaines were closely related to the corresponding 

amino acids, since these betaines could be considered as exhaustive N-meth-

ylation products of the amino acids. However, the theoretical knowledge at 

the end of the nineteenth century was not sufficient to clarify this problem. 

Bredig (5,6) suggested that betaines, which had an amphoteric character, 
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should be considered as inner sal.ts. He assumed that the positive and 

negative charges were located at separate centres of the molecule, and 

that the molecule as a whole was electrically neutral.. A few years later, 

Il 
Kuster (7,8) attributed the difference in colour of the dye methyl orange 

in acidic and al.kaline media to the existence of the molecule in tœ form 

of a 11zwitterion11 • The se ideas concerning amphoteric electrolytes were 

met by other authors with skepticism (9) and criticisn (10). 

Once the importance of proteins and amino acids in the life of 

organisme was tully recognized, it became imperative that precise know-

ledge concerning these compounds should be obtained. In the research which 

followed, important contributions were made by Watennan (11) who claimed 

that betaines and anino acids had an open structure in acidic œdium., and 

by Adams (12) who pointed out clearly that the dissociation constants of 

amino acids could be explained only on the basis of their dipolar character. 

However, no serious consideration was given to this idea at that time. 

A number of years later, Pfeiffer in a series of papers (13,14,15) 

proved conclusively that betaines possessed an open dipolar structure. The 

arguments used by this investigator were based on the melting points of 

these compounds and on sound steric factors. Pfeiffer (1.3) observed that 

the N-trialkyl derivatives of the isomerie o-, m- and p-amino-benzoic acids 

formed betaine s with the same ease, by a typical elimination of a hydrogen 

halide molecule and betainization. If these betaines had cyclic structures, 

then their formation in the case of the m- and p-amino-benzoic acids should 

be sterically inhibited. For the same reason, it could be predicted that 

trans-a.mino-cinnamic acids would not fonn betaines (14). The ease with 

which mch betaine s were obtained, consti tuted strong addi tional evidence 

in support of the open dipolar structure for these compounds. Pfeiffer (13) 
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used the concept, advanced by Debye and Sherrer (16), th at crystal.s of 

salta possessed an ionie lattice structure, as further justification of 

the open di polar structure for be taine s. 

The foregoing evidence presented by Pfeiffer was considered as 

conclusive proof of the dipolar character of betaines. In addition, the 

nature of dipolar ions was eluciated by Bjerrum (17) who discussed the 

constitution of ampholytes and their dissociation constants in his fanous 

paper of 1923. In the same year, Debye and H.Uckel (18) proposed their 

well-know.n theory which dealt with the interaction of ions in dilute 

solution. These developnents clarified the situation and a new and import-

ant epoch opened in the physical and chem.ical etudies of dipolar ions. 

Further evidence of the ampholytic character of betaines was 

obtained from measurements of the dielectric constants (19), and of the 

observed dielectric increments of solvents such as water in the presence of 

betaines (20). Kuhn and Brudowna (21) treated solid amine acids wi th eth-

ereal. diazomethane, a.rxl obtained the corresponding betaines instead of the 

methyl esters which might have been expected. This result could be 

explained only in terms of the di polar nature of amine acids and betaine s: 

CH2N2 
---~:> œ2coo9 

1 

H3C-N-~H3 
1 
CH3 

Recently, infrared spectroscopy (22) confirmed the established structure 

for betaines. No absorption maximum due to the stretching frequency of a 

carbonyl group was observed in the infrared spectra of betaines, but instead 

an absorption characteristic of a carboxyl group was detected. Since a 

cyclic structure for the se betaine s had to involve a maximum indicating the 

presence of a carbonyl group, infrared spectroscopy eliminated the possib-
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ility of such a structure. 

The na.Iœ "zwitterion" for these anpholytic compounds was used 

first by K-llster (7, 8). Later Ingold (23) employed the te:nn 11dipolar ion" 

which was probably the most satisfactory ~quivalent of the Ge:nnan word 

"zwitterion". Several. other names such as "inner salt", "double ion", 

11hybrid ion", "amphoteric ion" and "ion dipole" were used to denote this 

type of molecule. 

According to the electronic conception (24), the nitrogen atom 

possesses five electrons in its outer or valence shell. Three of these 

electrons occupy the orbitale 2px1 2Py and 2pz, one electron being in each 

orbital. The remaining two electrons fonn an unshared electron pair and 

occupy- a 2s atomic orbital. The representation of these five electrons, 

based on quantum mechanics, is 2s2, 2pJ or 2s2, 2Px, 2py, 2pz• The unpaired 

electrons can unite with electrons of sorne other element to form three 

typical covalent bonds. This constitutes the electronic interpretation of 

the trivalency of nitrogen. The unshared electron pair is responsible for 

the fo:nnation of a coordinate covalent bond. 

While this coordinate covalent bond is being formed, the nitrogen 

atom becomes quaternary, and simultaneously positively charged. As has 

been previously noted, the quaternary nitrogen atom is the common charact­

eristic of all betaines. It should be emphasized that quaternization and 

betainization are different, and quite independant processes. In the 

fozmation of betai.nes, the nitrogen is quaternized first, forming a 

substituted anmonium or c,yclammonium salt. The betainization which follows 

involves an elimination process, such as the displacement of a hydrogen 

halide, and is possible only when there is a potential or actual electro­

negative centre in the cationic function of the ammonium salt. A proton is 
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split off from the cation of the ammonium salt, together with the wbole 

anionic fUnction, leaving behind the betaine. The above reactions may be 

represented by the following scheme: 

P;Yridinium be taine s 

a. Classification 

The unshared electron pair of the annular nitrogen in pyridine 

and its homologues can give rise to quaternization and in some instances 

to pyridine betaine formation. 

Pyridine reacts readily wi th alkyl hal.ides (25), usually to form 

pyridinium salts. It is evident that elimination of a proton from the 

al.kyl radical at tached to the annular ni trogen of an alkylpyridinium 

halide is not probable because the conditions (26) for the splitting off 

a proton with simultaneous formation of a carbanion are not present in 

this particular case. Thus the betainization process theoretically is 

possible only in two cases, namely when a real or potential negative pole 

is attached to the pyridine nucleus or when such a centre is present in 

the side chain attached directly to the annular nitrogen. Both of the se 

possibilities have been investigated thoroughly and a great number of 

pyridinium betaines have been s.ynthesized. 

Since a great deal of information about the se be taine s bad accum-

ulated it was felt that the material should be organized for this present-

ation. The best method of classification appeared to be that based on the 
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difference in the anionic fonctions of the pyridinium betaines, aince the 

cationic centre of these compounds was always the cyclammonium ion, and 

consequently did not provide a basis for classification. 

Pyridinium betai.nes w.i.th carbo:x:;ylate anionic tunction 

The carboxylic group is able to release one proton, and the carb-

oxylate anion thus obtained is quite a strong electronegative functional group. 

The presence of a free carboxylic group in a pyridinium salt provides the 

possibility for formation ot a betaine, since it is likely that the proton or 

the carboxylic group will be eliminated with the anionic f'unction of the salt. 

The first pyridinium betaine, which was prepared by von Gerichten 

(27), was of this type. He allowed a mixture of monochloroacetie acid 8lld 

p,yridine to react on the steam bath and treated the pyridinium salt which 

formed wi th ail ver oxide. Hydrogen chloride was split off and the product 

obtained was 1-( carbo:xymethyl)pyridinium be taine (III). 

-HCl 

Many derivatives of this compound (III) were synthesized by Krllger (28,29) 

who also made a quite thorough investigation o! its chemical properties. 

The physicochemical properties of 1-(carboxymetqyl)p,yridinium betaine (III), 

such as Raman spectra (30), dipole moments (31), viscosities (32) and dielectric 

constants (31,33) of solutions containing this betaine (II I), and infrared 

(34) spectra were studied intensively. 

Von Gerichten (27) found that a similar betainization process 
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occurred when quinoline was allowed to react with monochloroacetic acid. 

Rouasopoulos (35) prepared the same quinolinium betaine followi.ng the 

procedure of Hoffmann (36). This method involved the reaction of tertiary 

amines with the esters ofO(-halogenated aliphatic acids instead. of with 

the free acids. As the first step of the reaction, the anmonium salt was 

formed. Then silver oxide was added, and betainization proceeded with the 

simultaneous elimination of hydrogen halide and hydrolysis of the ester. 

The reaction of monohalogenated acetic acid with pyridine was 

used as the basis for investigating the possibility of preparing the corr­

esponding salts and betaines from pyridine derivatives. Alkylpyridines 

(29), aminopyridines (37) and 3-hydro:xy-pyridine (3S) gave the expected 

substituted pyridinium betaines. The reaction of 2-hydro:xy-pyridine with 

monochloroacetic acid gave (IH)-2-pyridone-1-yl-acetic acid (IV)(38). This 

"abnormal" reaction was explained on the basis of the tautanerism of 

2-hydroxy-pyridine (V). The formation of (IH)-2-pyr.idone-1-yl acetic acid 

(IV) was considered (38) to be the result of the reaction of 2-hydroxy­

pyridine (V) in its 2-(IH)-pyr.idone tautomeric form with monochloroacetic 

v 

1 
H 

acid. In contrast, although similar tautaneric forms existed in the case 

of 4- hydro:xy-pyridine, the latter reacted with monochloroacetic acid to 

give the corresponding betaine after the elimination of hydrogen chloride 

(39). 
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Other investigators (40,41,42) used different procedures for 

preparing pyridinium betaines with the carboxylate anion as the negative 

centre of the dipolar ion. In none of these cases were yields reported, 

and it seemed possible that they might be low or not reproducible. 

The difficulty in obtaining a pure product in high yield was 

observed by Edsall (19) who claimed that the yield and pu.rity of the 

betaine were improved by allowing the reaction mixture of p,yridine and 

monochloroacetic acid to react at a lower temperature for a longer time. 

Von Gerichten (27) made a further observation concerning the effect of 

temperature when he heated the 1-(carboxymethyl)pyridinium chloride 

above 200°. He found that no betainization occurred but instead the pyrid­

inium salt decamposed. 

Attempts were made to carry out the reaction of pyridine with 

di- and trichloroacetic acid but neither salt formation nor betainization 

took place ( 40) • 

A further study of the reaction of o(-halo carbo.xylic acids with 

pyridine was carried out by Bezzi (32). He found that, in all cases except 

the one reported by von Gerichten (27), it was impossible to isolate pyri­

dinium betaines with the carboxylate anion as the negative centre. This 

was explained by the decarboxylation of the pyridinium salt which occurred 

during the course of the reaction. In addition to confi:rming earlier 

experimental work by Weinhagen (43), Bezzi (32) was able to detect the 

formation of pyridinium betaines as unstable intermediate products of the 

reaction of pyridine wi th CX -halo carboxylic acid s, by viscosi ty me asure­

ments of the reaction mixture in toluene. 

Kirpal (44) tried to synthesize pyriclinium betaines by reacting 

pyridine with ~-halo carboxylic acids. He observed that the pyridinium salt 
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was formed readily, but attempts to obtain the corresponding betaine by 

elimination of hydrogen halide were unsuccesstul. The proton involTed in 

hydrogen halide displacement, instead of being provided by the carboxylic 

group, was afforded by the methylene group in eX-position to the carboxylic 

function. Thus the elbdnation of hydrogen halide which occurred simult-

aneously w:l.th the cleavage of the bond between the annular ni trogen and the 

carbon atom in ~ -position to the carboJ!YliC group, resulted in the fonnation 

of acryllc acid, and liberation of the pyridine base. 

The betaines which Kirpal (44) tried to obtain by reacting #-halo 

propionic acide with pyridine bases were detected and in some cases isolated 

by a new and qui te elegant procedure. This procedure invol ved the reaction 

of pyridine bases with ~ -propiolactone (V),. 45,46). 

~ -La.ctones are quite stable compounds, and exhibit ali the reac­

tions of typical. lactones, whiCh are internal. esters. In addition, these 

canpounds enter into the characteristic reactions of bimolecular displaceœnts 

at the f -carbon atom. (47). The unsha.red· electron pair of the nitrogen atom 

of pyridine bases makes possible a nucleophilic attack at the f -carbon 

atom of a f -lactone. As a result of this attack, the lactone ring is 

opened and simultaneously 1-(2-carboxyetbyl)pyridinium. betaine (VI) is formed. 

v VI 

It was found that halogenated dicarbo.x;ylic acide reacted wi th 

pyridine bases to give the corresponding pyridinilllll. salta and betaines (48). 
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A modification of this procedure was introduced by Ortoleva (42) who all-

owed a mixture of the dicarboxylic acid, pyridine and iodine to react. 

When he used malonie acid, he obtained, after partial decarboxylation, the 

1-(carboxymethyl)pyridinium betaine (III) reported by von Gerichten. 

Lutz in a series of papers (44,50,51,52,53) reported his experi-

mental work with pyridine bases and unsaturated dicarbo:xylic acids. In the 

case of maleic and fumaric acids, 1-(1-carboxy-2-carboxyethyl)pyridinium 

betaine was obtained. This compound had been isolated also from the reaction 

of pyridine bases with monohalogenated succinic acid (48) or s.y.m dibromo-

succinic acid (54). At the time of this investigation by Lutz, no electronic 

theory had been proposed, and consequently no adequate basis for an explan-

ation of this reaction was available. However, this type of betainization 

ap~ared to be somewhat similar to that which occurred during ~ -lactone 

ring opening. In the latter case the reaction was inititated by polarization 

of the -CH2-0-bond while in the former case, polarization of the <lt bond of 

the olefinic link could be condidered responsible for the bimolecular nucleo-

philic displacement. The following scheme outline s a possible mechanism for 

this reaction. 

) 

1 ~ • 

CH-tH b=o =O 

bH : : .. 

,~ 

CH--CH2 
1 1 
C=O c .. o 

bH ~ 
In the course of his research during which fission of the pyridine 

ring was accomplished, Zincke (55) prepared pyridinium betaines which had 

the carboxylate anion attached to an aromatic ring. It should be pointed 



·:; 

14. 

that, in this instance, pyridinium betai.ne fonnation could occur only when 

a strongly electron-attracting substituent was attached to the aramatic 

nucleus. Several other interesting reactions of this type were reported 

by Gabriel (56) and Boese (57). They obtained pyridinium betaines from 

the salt s formed by the reaction of pyridine bases wi th phthalimido-N-

alkyl halides. When the se salts were treated 'Wi th aqueous alkali at an 

elevated temperature their anhydride ring opened and the corresponding 

betaine was formed. 

As a side product of the condensation of 2-methylpyridine with 

oxomalonic ester, McElvain and Johnson (58) isolated the only known coloured 

pyridinium betaine w:i th the carboxylate group as the negative centre of 

the dipolar salt. They postulated the following structure (VII) for that 

canpound. 

H5C202C~ ~C02C2H5 

C=O 

\J-/-è9_.....,., 

VII 

The reaction of pyridinecarboxylic acids with alkyl halides or 

halo carboxylic acids usually yielded the corresponding pyridinium salts. 

Betainization frequently occurred upon the elimination of a hydrogen halide 

molecule. Many pyridinium betaines of this type were synthesized (50,é0,61, 

62,63,64), and sorne, such as trigonelline (65) and hamarine (66,67), were 

isolated from natural sources. In addition, it was discovered that the 

amides of 3- and 4-pyridinecarboxylic acids respectively possessed anti-

pellagra and tuberculostatic properties. The amide of 3-pyridinecarboxylic 
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(nicotinamide) was present in diphosphopyridine nucleotide (DPN) and tri­

phosphopyridine nucleotide (TPN). These two nucleoproteides, Which 

possessed betaine structures, were indispensable in the oxidation-reduction 

processes in living organisms (68). The factor involved in the se biological 

processes, the mechanism of which was elucidated recently (69) was found to 

be the nicotinamide function of the pyridine nucleotides. The biological 

importance of these compounds led to intensive research, most of which was 

biological in nature and beyond the scope of this thesis. 

In the early investigations of the reactions of alkyl halides 

with di- and poly-pyridinecarbo:xylic acids considerable confusion existed. 

The betaine s formed were considered to possess a cyclic structure and i t 

was assumed (60) that the cyclization occurred preferentially through the 

carbo~lic group located in the position which would permit the formation 

of a strainless ring. Kirpal (60) asswmed that the negative pole of the 

betaine derived from 3,4 pyridinedicarbo:xylic acid was the carboxYliC group 

in 3 position of the pyr:idine nuclei. When a carboxylic group was present 

in the chain attached directly to the annular nitrogen atom he considered 

(70,71) that the elimination process rendered this carboxylic group the 

anionic function of the dipolar ion. These ideas of course were incorrect 

on the basis of the open ring structure of betaines. In addition, their 

erroneous nature was shawn by experimental evidence (72). 

Pyridini'lnn betaines with sulphonate anionic function 

It was possible also for the sulphonic group to be the negative 

centre of the dipolar molecule of pyridine betaines. In sorne of these 

inner salts the sulphonic group was attached directly to the pyridine in 

3 position (73,74,75). Campounds of this tYPe were used to facilitate 

dyeing and printing in the textile industry (74, 75) • 
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In other cases the sulphonic group was attached to the annular 

nitrogen, or to the side chain which quaternized this nitrogen atom. 

Baumgarten (76) prepared the 1-(su1pho)pyridinium betaine (VIII) by treating 

pyridine in ch1oroform with su1phur trioxide. 

VIII 

This compound (VIII) was better known as pyri.dine-su1phur trioxide comp1ex 

and had been synthesized previous1y by Wagner (77), who allowed pyridine 

to react with free or esterified ch1orosu1phonic acid. He1berger (78) 

obtained several pyri.dinium betaines possessing the sulphonate anionic 

function by a procedure invo1ving the reaction of p,yridine with su1tones. 

The reaction of butane sultone (IX) and pyridine yie1ded the l-{sulpho­

buty1)pyri.dinium betaine (X). 

IX x 

PYri.dinium betaine s wi th phosphate anionic 1\mction 

In connection with his studies of the vitamin B6, Folkers and 

his co11aborators (79) prepared pyridinium betaines having the phosphate 

group as the anionic function of the inner salt. An examp1e of the kind of 
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betaine was 4-formyl-3-nydroxy-5-(hydroxymethylphospho)-1,2-dimethylpyr.i­

dinium betaine (XI). 

CHO 
1 

XI 

Enol and Phenol pyridinium betaines 

This large and interesting group of pyridinium betaines was 

characterized by a negatively charged oxygen atom being one of the poles 

of the inner salt. The negatively cbarged oxygen atan could arise from a 

phenolic hydr~l group or an enolized ketonic group. This difference in 

the origin of the negative oxygen atom which remained after a proton bad 

split off from the hydroxyl group was the basie for di vi ding the se comP-

ounds into two classes, the enol and phenol pyridinium betaines. 

A. Enol pyridinium betaines 

The existence of enol betaines depended on the presence of 

a carbonyl group which coul.d be enolized, and a quaternary nitrogen atom 

within the same molecule. This situation occurred in cyclammonium salts 

which were obtained easily by the action of 0(-halo ketone s on tertiary 

bases. In the latter reaction pyridine bases behaved as typical tertiary 

amines, and reacted to form pyridinium salts. These salts were isolated 

without difficulty and were found, in most cases, to be stable. 

P,yridinium enol betaines could be divided into three categories: 

I. This group of pyrl.dinium enol betaines consista of compounds which are 

colourless, neutral and which melt at high temperatures. The first repres-
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entative of this type was s.ynthesized by Benar,y (80). Later, similar 

compounds were prepared by reacting hexafluorocyclobutene (Xl) with 

tertiary amines (81). When aliphatic amines were used in this reaction, 

the desired products were obtained readily. Although pyridine failed to 

give the corresponding betaine, 3-bromopyridine (Xll) yielded the 1-(3,3-

difluoro-2,4-dioxocyclobutyl)-3-bromopyridinium betaine (XIII). 

Br 

+ 

nr XI 

IQ3 

C=C-d' 
1 \ 

O=C-CF2 

nn 
II. The methine enol pyridinium betaines are slightly or fairly basic and 

melt, generally w:tth decomposition, at low temperatures. All methine enol 

betaines are characterized by their deep colour. 
Il 

An extensive study of these compounds was carried out by Krohnke 

over a number of years. This author has written (82) an excellent and 

comprehensive review which could be consulted for information concerning 
Il 

the work done in this particular field. Krohnke, called these substances 

11methine enol betaines" because each molecule possessed one methine group 

between the quaternary annular nitrogen and the enolized keto group-C=CH-f • 
1 

Oe 
The existence of this methine group gave rise to colour reactions with 

chloranil and picryl chloride (83,84). The methine enol betaines also 

reacted with the Zerevitinov reagent (85). 

III. The third category of p,yridinium enol betaines contain the dibenzo.yl-
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methyl enol betaines (86). These inner sal.ts resemble the methine enol 

betaines because both have the enolate anion as the negative centre, and 

are deeply coloured. The main difference between the two types of comp-

ounds is that the dibenzoylmethyl enol betaines have no methine group 

between the quaternary nitrogen atan and the keto-enol anionic function 

of the inner salt. The hyd.rogen atom originally present in the methine 

group has been replaeed by one benzoyl group. The lack of a mobile 

hydrogen atom in these compounds is responsible for their failure to exhibit 

the characteristic colour reaction of the p,yridinium methine enol betaines 

(83,84). 

Krollpfeiffer and MGller (87) contributed the !ïrst evidence for 

the existence at a general enol betaine structure. These investigators 

isolated reactive, crystalline, orange-coloured intermediates in the alkal-

ine cleavage of pyridinium sal ts derived from alkyl-o-halogenoacyl phenyl 

sulphides. Subsequently the structure of enol beta.ines was established, 

and later confirmed by Kr8hnke (83). The latter author in his study of the 

" " alkaline cleavage of phenacyl pyridinium bromide and its derivatives obtained 

independently, and by a different approach, the same resulta as Fuson and 

his assoeiates (88,89). They found that the 1~cidid1 cleavage of these 

pyridinium salts brought about by alkal.ies was very sim.ilar to the alkaline 

fission of the acetoacetic ester or generally of o< ,r-diketo compounds. 

Kr8hnke (83,90) attributed the colour of pyridinium enol betaines 

to the combination of an extended conjugated system, and the polar nature 

of the molecule. He al.so explained the colou.r by resonance, and considered 

the possibility of resonati ng structures which had the carbon atom of the 

methine group negatively charged instead of the oxygen atom of the carbonyl 

group (XIV). Kr8hnke recognized that the se ad.ditional resonating structures 
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XIV 

contributed to the resonance hybrid, to sorne extent, causing a positive 

bathochromic and hyperchromie effect on the electronic absorption spectrum 

of the mole cule • 

" These asswmptions b7 Krohnke were not completely satisfactory 

because they did not explain the great difference in colour between the 

pyridinium and ammonium or anilinium enol betaines. For example the l-(phen­

acy1)pyridinium betaine (XIV) was deeply co1oured but the phenacy1 dimethyla­

nilinium betaine (XV) was co1our1ess. 

xv 

Stafford (91) exp1ained this phenomenon by proposing that the 

presence of the pyridine ring in the molecule gave rise to additional 

resonating structures which contributed to the resonance hybrid of the 

1-(phenacy1)pyridinium betaine (XIV). The se resonating structures were 

considered to arise from the separation of e1ectrical charges within the 

aromatic cyc1ammonium cation as shown be1ow (XVI). 
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XVI 

The same investigator (91) pointed out that the observed difference (83) 

in the colour of the methylpyridinium, quinolinium and isoquinolinium enol 

betain~was due to a variation in the contribution of the resonating 

structures to the resonance hybrids of the se compounds. The anilinium 

enol betaines on the ether hand appeared colourless because the presence 

of resonating structures with separated electrical charges in the portion 

of the molecule containing the quaternary nitrogen atom was restricted. 

Stafford (91) also reported the synthesis and electronic absorp-

tian spectra of two enol betaines of the indane-pyridinium series. These 

betai.nes were derivatives of 1-indanone and 1,3-indandione. In addition 

the author discussed the relation existing among these inner salts, 11N-meth-

yl pyrophthalones", and sydnones. In later papers, Stafford (92,93) 

correlated the di pole character of betaine s with the fine structure of 

azulenes. The latter study provided evidence that the colour of betaines 

was due to the association of the cationic and anionic functions with two 

aromatic rings and to the anionic function being at least partially assoc-

iated with one or more carbon atoms. 

The pyridinium eno1 betai.nes derived from pyridine and either 

1-indanone or 1,3-indandione, were the 1-(1-hydroxy-2-indenyl)pyridinium 

hydroxide, betaine (XVII) and 1-(3-hydroxy-1-oxo-2-indeny1)pyridinium hydro­

xide, betaine (XVIII) respective1y. It should be mentioned here that 

Vitkovsky and Shemyakin (94) also obtained the 1-(3-hydroxy-1-oxo-2-indenyl) 



22. 

p,yridinium hydroxide betaine (XVIII) during their extensive reinvestigation 

of the Hooker reaction (95). In these two betaines (XVII) and (XVIII), only 

one carbon atom was situated between the nitrogen atom and the keto-enol 

XVII XVIII 

group. For this reason these compounds were very similar to those betaines 

which possessed the group 
p -C=C-N,, in which R was either a hydrogen atom 

1 1 \t) 

ûeR 
or some other group and consequently could be considered as enol but not 

me thine pyridinium enol betaine s. 

A certain similarity was observed (91) between 1-(3-hydroxy-1-

oxo-2-indenyl)p,yridinium hydroxide betaine (XVIII) arxl the "N-alkyl pyroph-

thalones". The bright yellow colour of the latter was attributed by Kuhn 
Il 

and Bar (96) to the possibility of a type of tautomerism in these compounds. 

Actually the tautameric formulae proposed by these authors were resonating 

structures because only a shift of ele etrons was involved, and not a 

tautomeric migration of a proton. Kr8hnke (83) on the other hand, differ-

entiated between phthalones and enol betaines on the basis that, in the 

former, two carbon atoms were located between the quaternary nitrogen and 

the keto-enol functional group while in the latter only one carbon atom 

was present in that position. 

As a result of his studies, Pfeiffer (13) stated that betaine 

formation was, to a great extent, independant of the relative position and 

the distance between the actual or potential polar groups of the inner salt. 
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According to this, pyridinium salts possessing the group 

should be able to fonn enol betaines, if the methylene group adjacent to 

the carbonyl group possessed sufficiently labile nydrogen atoms. How-

ever it was found (97) that the 1-(benzoylethyl)pyridinium bromide (XIX) 

when treated w:tth cold alkalies did not give even traces of an enol betaine. 

Instead, a cleavage of the pyridinium salt (XIX) occurred immediately and 

acrylphenone (XX), pyridine and hydrogen bromide were fo nœd. Apparently, 

in place of an alkaline cleavage, a type of fission similar to that prev­

iously reported in the substituted ammonium series (98) took place and a 

subDtituted ethylene was obtained. The olefinic double bond formation 

XIX XX 

proceeded in accordance with Hoffmann 1 s rule. A detailed discussion of 

the Hoffmann and Saytzeff rules for olefinic formation is contained in an 

excellent review by Ingold (99). 

An interesting type of enol betaine was obtained (100) \-:hen the 

carbonyl group of the keto-enol function was situated in the carbethoxy 

group of the molecule of an acalkylcyclammonium salt such as the 1-(dicar­

bethoxymethyl)pyridinium betaine (XXI). These compounds were of theoretical 

interest because they were the first onesin which the enol group of the 

ester snolates of malonie acid was not attached to a metal as a cation. 
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c2H5o-~c=b-oc2H5 
XXI 

Taylor, Jr. and his collaborators (101), obtained pyridinium. 

betaines from the reaction of 5,5-dihalobarbituric acids with pyridine 
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and 4-methylpyridine. However, they did not obtain a product with 2-methyl­

pyridine, and attributed this failure to steric hindrance by the me thyl 

group in 2 position of the pyridine nucleus. These investigators did not 

designate their products as enol betaines, but the result of methylation 

indicated that the enol betaine form predominated or else was the only 

for.m present. The following reaction scheme was given for the synthesis 

of 1- 5 ( 2, 4, 6-trioxohexahyd.ropyrimidyl) pyridinium. be taine (XXII). The 

methylation product of (XXII) waa the 1- 5(11 3-dimethyl-2,4,6-trioxohexa­

hydropyrimidyl) pyridinium betaine (XXIII) which waa also obtained from 

the reaction of 1 1 3-dimethyl-51 5-dihalobarbituric acid (XXIV) pyridine. 

The previous discussion, dealing w:l.. th pyridinium. enol be taine a, 

could be srnmmarized by stating that enol betainea were formed When a 

carbonyl group and at least one mobile hydrogen atom in the position to 

the keto group were present in the molecule. This assumption was substant­

" iated by Krollpfeiffer and Muller (97) Who found that pyridinium enol 

betainea were not for.med from ut,W'-dialkyl substituted phenacyl pyridinium 

halictes because there waa no mobile hydrogen atam in the vicinity of the 

keto group. 
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PYridinium betai.nes with a carbanion as the anionic function 

The presence of carbanions in sorne of the resonating structures 

which contributed to the resonance hybrida of enol betaines was emphasized 

by Kr8hnke (83) and later by Stafford (91). The asswmption of these 

canonical structures, which facilitated the interpretation of the deep 

colour of pyridinium enol betaines, was verified by experimental evidence. 

Kr&hnke (102) showed that pyridinium sal ts of the general type (XXV) wh en 

treated with alkalies, gave a pyridinium base 'Which was coloured, particul­

arly in the presence of chlorofonn. These betaines (XXV) could react also 

with aromatic nitroso compounds to form nitrones. However both of the 

above reactions occurred only when the group R was able to activate the 

hydrogen atom of the phenylmethylene group in o<posi ti on to the annular 

nitrogen. When this hydrogen atan was eliminated as a proton, a carbanion 

remained, and became the negative centre of the pyridinium betaine which 

formed. 

The 1-(9-fiuorenyl)pyridinium betaine (XXVII) was a typical 

example of a pyridinium inner salt 'Which could possess only a carbanion 

as the negative centre of the dipole. The following sequence of reactions 

outlined the formation of the 1-(9-fluorenyl)pyridinium betaine (XXVII) 

from 1-(9-fiuorenyl)pyridinium bromide (XXVI). The fact that the 1-(9-

fluorenyl)pyridinium. bromide (XXVI) did not give the betaine (XXVII) 

immediately in aqueous alkaline solution was due probably to the formation 
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HBr "-0 Br€> 

NaOH 

XXVIII 

XXVI H20 1 ~. chloroform 

-No e ® 

XXVII 

of the free base 1-(9-fluorenyl)p,yridinium hydraxide (XXVIII) (103). 

B. Pyridinium phenol betaines 

In these types of pyridinium inner salts the anionic 

function was a phenolic oxygen atom. Many of these betaines were known, 

and they could be considered as products of the reaction between pyridine 

bases and halo quinones or hydroquinones. A survey of the literature in 

this field was included in the review article Qy Krghnke (82). 

H~nig and Rosenthal (104) from a study of spectroscopie data 

have presented a discussion of the relation between the colour and constit-

ution of the phenol betaines. Although a thorough review of the voluminous 

material available about phenol be taine s is beyond. the scope of this survey, 

the practical importance of sorne members of this series as vat dyes, should 
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be mentioned (105,106). 

Harris and his collaborators (107) obtained pyridinium betaines 

from the alkal.ine hydrogen peraxide oxidation of the codecarboxylase and 

pyridoxal. Since the anionic centre of these betaines was the oxygen atan 

of the hydroxyl group attached to 4 position of the pyridine nucleus, these 

compounds could be considered as pyridinium phenol be taine s. 

11Isonitroso 11 and 11aci-nitro 11 pyridinium beta.ines 

These two groups of pyridinium betaines possess as 

their main anionic function an oxygen atom of either the isonitroso- or 

aci-nitro group present in their molecule. Many of these inner salta have 

been described and further information about them may be found in the 

review article by Kr8hnke (82). 

Pyridinium betaines with a nitrogen atom as the anionic 

function ( 11Azeniate" P.yridinium betaines) 

Recently, dipolar ions, which possessed two nitrogen 

atoms in their molecule were reported. In such molecules one of the 

nitrogen atoms was quaternary and positively charged, While the other was 

the negative centre of the dipole. In a series of papers, Simonov (108, 

109,110, 111) described the synthesis of these inner salts. The compounds 

prepared by this investigator had a negatively charged nitrogen which was 

either primary or secondary. In contrast, the 11eni.mine 11 pyridinium betaines 

possessed a tertiar.y nitrogen atam which, for example, could be located in 

the nitrile group of a p,yridinium salt, and which became secondary and 

negatively charged by a mesameric electron shift (112). The earlier work 
Il 

in this field was reviewed ~ Krohnke (82). 

During the pa.st fifteen years, an extensive study has 

been carried out at Marburg University concerning the effect of solvents 
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on the co1our of a great variety of compounds. These studies have revealed 

that the N-ary1 pyridine imine compounds, original1y prepared and charact­

erized by Schneider and his co11aborators (113,114,115,116,117), actual1y 

possess an azeniate p,yridinium betaine structure (118). 

Schneider attempted to exp1ain the co1our of the compound (XXIX) 

in tenns of tautamerism. 

XXIX 

However this exp1anation proved to be erroneous, because the 2-tert-buty1 

pyridinium compound (XXX), in 'Which no tautœeric shift of a proton could 

occur, was a1so co1oured. 

xxx 
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Eicken (119) and Amoldy (120) demonstrated that resonance was responsible 

for the colour of the se com.pounds and they assifPed the "azeniate" struct­

ure (XXX) to them. In addition, ultraTi.olet absorption spectra showed 

that these compounds should be dipolar, because their speetra were similar 

to those or pyridinium. phenol betaines (119). 

A group ot pyridinium inner salta similar to the "azeniate" 

pyridinium betaines was deseribed. The structures original.ly assigned to 

these compounds (121) were revised by Neber and w8rner (122) who suggested 

that due to tautomerism the inner sal.ts could be considered either as enol 

or "azeniate" betaines. The two structures (XXXI) and (XXXII) presenting 

respectively the 1-~-[(2,4-dichlorophenyl)hydrazono]acetony~pyridinium 
hydroxide, betaine and l-~-(2,4-dichlorophenylhydrazono)2-hydroxyal.ly~ 
pyridiniun hydro.xide betaine Ulustrated this tautanerian. 

0 e /~r-----...1 

0 NI@ N lj 
~ 1 

CH.3-C- C =N 

or 

1 

XXXI XXXII 

b. P;yridinium salta as intennediates in the introduction of olefinic 

double bonds in steroids 

The biological significance of steroidal. compounds and the phar.mae-

ological importance of certain members ot this clasa were widely recognized. 

One of the problems encountered in the partial or total synthe sis of the se 

canpounds was the introduction of an olefinic double bond, particularly in 

the ~position to a keto group. 

As one approach to this problem, 3-cholestanone was submitted to 
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a halogenation reaction, in an effort to introduce a halogen atam in ~ 

position to the keto group. In ail cases 2-halo-3-cholestanone was the 

sole product. The latter was treated with pyridine and gave an addition 

product in high yield (123,124,125,126). Pyrolysis of this addition 

product afforded 4-cholesten-3-one, but in low yield (125). 

Butenandt and his collaborators (127) improved the procedure 

for eliminating hydrogen halide by using 2,4,6-tr.imethylpyr.idine (XXXIII) 

instead of pyridine. Treatment of 2-bromo-.3-cholestanone (XXXIV) with 

2,4,6-trimethylpyridine (XXXIII) resulted in the immediate formation of 

1-cholesten-3-one (XXXVI). In no instance was an addition product formed 

as an intermediate. 

Later it was found (12S) that the reaction of 2-bromo-3-cholest­

anone (XXXIV) with 2,4,&-trimethylpyridine (XXXIII) did not follow the 

straightforward path described by Butenandt and his colleagues (127). 

Jacobsen (12S) observed that this reaction yielded a small amount of 

3-cholestanone (XXXV) in addition to the main product, 1-cholesten-3-one 

(XXXVI). This unexpected formation of the. corresponding saturated compound 

as a side product of the elimination of hydrogen halide was shown later by 

Djerassi and his collaborators (129) to be characteristic of 2-halo-3-

ketosteroids. In addition the latter author damonstrated that the corres­

ponding saturated allo ketosteroids were obtained when 2-iodo-3-ketosteroids 

of the allo series were reacted with 2,4,6-trimethylpyridine (XXXIII). It 

was difficult to propose a mechanism which would explain this result because 

it was impossible to determine the composition of the black semi-solid 

2,4,6-trimethylpyridine portion of the reaction. However, a plausible 

scheme was postulated by Stork in a personal communicat ion to Djerassi 

(129). 



0 

32. 

XXXIV XXXIII 

+ 

XXXVI xxxv 

Schwenk and lfuitm.an (124), during the course of their investig­

ation of the debromination of brominated sterols, obtained the addition 

compound first isolated by Butenandt (113). In addition,they isolated 

two unsaturated pyridinium salts one from the reaction mixture of 2,2-

dibromo-3-cholestanone and pyridine and the other from 2,4-dibromo-3-

cholestanone and pyridine. To these respective salts they assigned, 

arbitrarily, the structural formulae (XXXVII) and (XXXVIII). 

XXXVII 

0~ 

XXXVIII 
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Ruzicka and his co-workers (125) in their study of sex hormones, 

prepared the addition products which resulted from the reactions of 2-bramo­

.3-cholestanone (XXXIV) and 2-bromo-.3,17-androstanedione with pyridine. 

Ruzicka (125) was the first to assign the structure of a typical pyridinium 

salt to these compounds, even though he considered the nitrogen atam 

pentavalent. The structures were proposed on the basis mainly of experi­

" mental and theoretical data made available by Krohnke (1.3011.31) who was 

carrying out research in this field at almost the same time. The high 

melting points of these compounds, and the negative ionie character of 

the bromine atom present in the molecule, were considered by Ruzicka to 

confirm his assumption. Furthermore the analytical. data were in agreement 

with the empirical. formula for a salt which could be considered as an 

addition product. 

Both thecampounds prepared by Ruzicka, 1-(.3-oxo-2-cho1estanyl) 

pyridinium bromide (XXXIX) and 1-(.3,17-dioxo-2-androstanyl)pyridinium 

bromide (XL), when tested w.i.th silver nitrate solution gave quantitative, 

voluminous precipitates of silver bromide immediately. The addition of 

an aqueous alkal.ine solution to crystal.s of 1-(.3-oxo-2-cholestanyl)pyri­

d.inium bromide (XXXIX) caused them to turn yellow. In the case of 1-(.3, 

17-dioxo-2-androsta.ny1)pyridinium bromide (XL) . the addition of alkali 

produced a yellow substance which turned red on he a ting. When this 

coloured substance was treated with hydrogen bromide, the original addit­

ion product (XL) was recovered. Ruzicka (125) considered that the yellow 

material was the free base, or in ether words, that in the presence of 

alkali the bromine anion was replaced by the hydroxyl anion. 

Inhoffen and his associates (1.32) fol1owed a procedure similar 

to that of Butenandt (12.3,127) for introducing o1efinic double bonds in 
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XXXIX XL 

tœ A ring of certain 3-ketosteroids. In the same manner, he attempted 

the elimination of hydrogen bromide using various methyl derivatives of 

pyridine. He observed that the reaction of 2-bromo-3-cholestanone (XXXIV) 

with 2,4-dimethylpyridine proceeded smoothly to yield 1-cholesten-3-one 

(XXXVI) wi thout any formation of an intermediate nitrogen containing 

steroidal adduct. However, when 2,6-dimethyl pyridine was used, an inter­

mediate addition p:::-oduct was obtaincd readily. Inhoffen (132) attributed 

the difference in behaviour of the se two diœthylpyridine s towards 2-bromo-

3-cholestanone (XXXIV), to the presence of a methyl group in 4 position of 

the pyridine nucleus. He asswmed that a methyl group in this position 

inhibited the formation of the steroid-pyridine addition compound although 

the methyl groups in positions 2 and 6 did not. To explain these facts, 

Inhoffen postulated that the bond between the ketosteroid (XXXIV) and the 

pyridine nucleus was in position 4 of the latter ring as shown in structure 

(XLI). He argued th at if pyridine and the steroid were connected through 

XLI 
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the annular nitrogen atom then the formation of a typical pyridinium salt 

would be more stericall:y hindered ·in the case of 21 6-dimethylpyridine than 

in the case of 21 4-<iimethylpyridine. HCMever, experimental work, as 

previously indicated, showed that 2 1 6-dimet~lpyridine gave an intermediate 

addition product while 2,4-dimethylpyridine did not. In addition, both 

the anionic character of the bromine atom, and the bigh melting point of 

the compound could be explained in terms of the structure (XLI) postulated 

by Inhoffen. 

Since close similarity existed between pyridine, and its me thyl 

derivatives, it was felt that similar structures should be assigned to 

their steroidal adducts. However, application of the previously discussed 

assumptions made by Ruzicka (125) would lead to the formulation of structure 

(XLII) for the addition product experimentally obtained by Inhoffen. Since 

the assignment of both structures (XLI) and (XLII) to this particular 

ccmpound was based on sound arguments, the actuaJ. structure remained prob­

lematic (133). However, the introduction of a keto group in the 2-bromo-

3-ketosteroids of the allo series by means of the pyridinium. salt and 

nitrone formation (126,134) favoured the structure (XLII) to some extent. 

XLII 
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Gal.inovsky and his co-workers (135) attempted to establish 'Which 

of the structures (XLI) or (XLII) was correct. In this connection he 

investigated in great detail the reaction of pyridine bases with 2,6-di­

bromo-1-cyclohexanone (XLIII). The tre'atment of 2, 6-dibromo-1-cyclohex­

anone (XLIII) with pyridine itself, gave an addition product which coneisted 

of the starting materials in the ratio of 1:2 respectively. Although this 

compound was the main product of the reaction, ::mal.l amounts of phenol and 

pyridine hydrobromide were fonned simultaneously. 'Ihe addition product had 

a high melting point and low solubility in all solvents. When suspended in 

al.kal.ies, it turned orange-yellow, and the addition of excess hydrochloric 

acid to the coloured mixture gave a product with the empirical formula 

C16H1gON2Cl2• Two structures were possible for the latter compound depend­

ing on whether the asswmption by Ruzicka (XLIV) or the postulation by 

Inhoffen (n.V) was accepted. 

D x-~ 0 
1 lliii XLIV 

XLV 
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P.yrolysis of the addition product praduced phenol and pyridine 

hydrogen halide. When the pyridine rings present in the molecule were 

completely hydrogenated, a Zerevitinov determination indicated that only 

one active hydrogen atom was present o The se experimental t'acta, and the 

result obtained When the compound was treated With methyl iodide favoured 

structure (XLIV) • 

The reaction of 21 6-dibromo-1-cyclohexanone (XLIII) with either 

2,4,6-trimethylpyridine (XXXIII) or 2-methyl-5-ethylpyridine readily gave 

phenol and the corresponding hydrobromide of the pyridine base o To explain 

this Galinovsky (135) proposed that two reactions proceeded simultaneously, 

namely the formation of a pyridinium salt, and the elimination of hydrogen 

halide. The proportion of each product obtained was considered to depend 

on the relative rate of the reaction which, in turn, was a function of the 

constitution and the basic character of the pyridine base. 

Co Methods of preparation of pyridinitnn sal ts 

The close relation between pyridinium salts and their betaines 

was obvious, because the betaines were derived from the salts by an 

elimination of hydrogen hal ide or a similar enti ty o For this reason the 

preparation of the pyridinium salts was in most cases the first step in 

a pyridinium betaine s.ynthesis. 

Bamberger (136) introduced a simple method for the preparation 

of certain pyridinium salta Which involved the reaction of o(-halo ketones 

with pyridine bases in non-polar solvants. The salta which formed 

separated immediately because of their ver.y law solubility in non-polar 

solvants. This procedure was, in principle, the same as that used in the 

Menschutkin reaction (137). The latter involved the reaction of alkyl 

halides with amines and afforded the substituted annnonium or cyclammonitnn 
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salta. 

The procedure introduced by Bamberger was used exclusively for 

many years, and generally with satisfactory resulta. In fact, the syn-

thesis of pyridinium sal.ts was only a scientific curiosity until the early 

thirties, when interest in this field developed for a number of reasons. 

One of these reasons was the reinvestigation of the kinetics of the Men-

shutkin reaction Which led to the concept of hyperconjugation (138). 

Later, Krghnke (139) introduced his elegant nitrone eynthesis, the import-

ance and versatility of loilich was recognized almost immediately. This 

method prond to be extremely valuable in the preparation of (j. -keto alde­

hydes, (X' -keto carboJ!Ylic acide, o< -keto alcohols etc., ani found extensive 

application (82) in the synthesis of cortical honnones which possessed 

an 0(-k:eto alcoholic group in the side chain (XLVI). 

fH20H 
c ... o 
l __ oH 

ring D 

n.vr 
Preparation of pyridinium salta aecording to the uethod of Bamberg-

er could be achieved only when the ()(-halo ketone, necessary for the reaction, 

could be obtained readily and in good yields. Unfortunately some of the 

ketones were expansive, and in some cases the 0(- halo derivatives were avail-

able in law yields. The latter was a consequence of the many side reactions 

Which occurred during halogenation. The interference by aide reactions was 

greater Wben the ketone involved in the reaction was a camplicated molecule 

with more than one centre Which could be attacked by bramine. 

Finally the difficul.tie s were overcome by King (140) who was 



39. 

able to prepare the pyridinitnn salts in high yields. The corresponding 

ketones were allowed to react, usually on a stean bath, with an excess 

of iodine and pyridine base at or ne ar the reflux temperature. After a 

certain length of time, the excess of pyridine base and iodine was removed 

by extraction with a non-polar solvent, such as ether. The pyridinium 

salt s remained and were purified. 

During hia investigations, King examined the possibility of 

synthesizing pyridinium salta of steroidal compounds. He observed that 

no reaction occurred when cholesteryl chloride was treated with pyridine 

bases (141). Later Tsuda and Hayatsu (142) confirmed the findings of 

King in so far as the reaction of cholesteryl chloride with pyridine was 

concerned. However they reported that a rearrangement with the formation 

of 1-(5-cholesten-3-yl)pyridinium bromide took place when cholesteryl 

bromide was used in the reaction. The latter observation was only of 

theoretical significance because of the low yield of pyridinium salt. 

As an al tema te procedure, King (141, 143) pre pa red steryl 

p-toluenesulphonate esters and allowed them to react with anhydrous pyri­

dine bases. Pyridinitnn salts were formed in all cases, but the yields 

varied depending on the character of the pyridine base used (141). King 

(144) established, in some cases, the stereochemical configuration of the 

salta obtained. 

d. Mechanism of the formation and alkaline cleavage of the f -keto 

al.kylpyri dinium salt s 

Numerous kinetic studies concerning the formation of ~-keto 

alkylpyridinium salta were made in attempts to determine the mechanism of 

aromatic chain substitution. Finally it was proved that this particular 

reaction exhibited second order kinetics in solvants of high polarity (145). 
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In non-polar solvants the kinetic picture was more complicated (146). 

Although a complete literature survey of this field was beyond the scope 

of this presentation, the work done in connection with the proposal of a 

mechanism for this type of reaction should be mentioned. 

Baker (145) visualized the formation of ~ -keto alkylpyridinium 

salts as a typical nucleophilic attack by the pyridine entity. However 

in the case of the phena~l group, a possibility existed for resonance 

similar to the resonance in the ground state of benzoyl halides. This 

latter fact made it possible to assume that the carbonyl group was the 

centre of the nucleophilic attack. Theoretically the side methylene 

group also could be attacked by the pyridine base, but this was highly 

improbable because of the resonance. Finally, the following mechanism 

was postulated. Step 1 determined the rate of the reaction. The inter-

mediate product could not be isolated because it underwent a ver,y fast 

intramolecular rearrangement1 similar to the "pinacolic electron displace-

ment" postulated by Ingold and Shoppee (147). 

The kinetics of the alkaline cleavage of f -keto alkylpyridinium 

salts was studied by Kr8hnke (131). Previously, it had been found that 

the products of this alkaline hydrolysis were a carbo.xylic acid and a 

1-methyl pyridinium salt (148). By kinetic methods, Krghnke (131) showed 

that the cleavage was of pseudo first order in the presence of excess of 

alkali and second order in excess of salt. He assumed that the formation 



of the enol betaine was the first step of the reaction, and that this 

betaine then reacted with a molecule of water and a hydroxyl anion to 

form the final products of the cleavage. The reaction was illustrated 

by the following scheme: 

e 
+ OH 
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The kinetic studies of Kr81mke were confirmed by Pearson (149, 

150) but he postulated a different mechanism for the alkaline hydrolysis 

of these salta. He assumed that the reaction proceeded by the quaternary 

nitrogen a tom being attacked by two hydroxy1 ions. 

e. Absorption spectra of pyridinium betaines 

The pyridinium eno1 betaines were generally coloured, very 

reactive, and decomposed in air and 1ight (91). The pronounced tendency 

of these compounds to form hydrates of varying constitution was an addit-

ional factor which frequently made the analytical resulta unreliab1e, (97). 

In spite of this, no attempta were made in the early investigations to 

obtain a.dditional infonnation about these pyridinium betaines by s:pectro­

scopic methode. Later it was found (91) that their photosensitivity, 

· tendency to form hydrates, and strong 1ight absorption in the visible 

region of the spectrum made spectroscopie measurements difficult. 

The absorption spectra of several phenol pyridinium betaines 
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were measured during the lengthy investigation at the University of 

Marburg Which dealt with the effect of solvants on the colour of organic 

compounds. The earlier work in this field was reviewed by Dimroth (118) 

and more recent etudies were reported by HHnig and Rosenthal (104). 

Kr8hnke and Bohlmann (90) studied the light absorption of 

coloured pyridinium beta.ines. They found that dibenzoylm.ethyl pyridinium. 

enol betaines exhibited an absorption ma.xi.nrum a.t 320 mp. This was in 

agreement with theoretical calculations which predicted that the absorption 

maJdJnum of these betaines should occur in the region 300-330 mfL • The same 

investigators showed tha.t enol betaines derived from phenacyl pyridinium 

salta absorbed in the region M0-4f:lJ mf'. In addition they (90) reported 

that when the possibilities for resonance in a. molecule were increa.sed, the 

absorption maxima were shifted to longer wavelengths. 

Stafford (91) mea.sured the absorption maxima. of pyridinium betaines 

of the indane series. He found that solutions of 1-(1-hydro:xy-2-indenyl) 

pyridinium hydro:xide, be taine (XVII) did not obey the Lambert-Beer law and 

that the maxima for this compound were in the region of 252-257 m~ and 

425-440 mf. The mea.surements were made in several sol vents and a. solvant 

effect on the maxima wa.s detected. The electronic absorption spectrum of 

1-(3-hydrozy-1-oxo-2-indenyl)pyridinium hydroxido, be taine (XVIII) showed 

three maxima in the region of 238.5 mf, 310 mf- and 393 m,# respectively. 

Taylor, Jr. and his collabora tors (101) found that the absorption 

maximum of the 1- 5-(2,4,6-trioxohexa.hydropyrimidyl)pyridinium. betaine 

(XXII) occurred at 246 mf' in a O.L~ sodium hydraxide solution. 
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DISCUSSION 

A. Pyrid:inium beta:ines of the 1.3-indandione series 

The object of this phase of the present research was to study 

the reaction of pyridine with 2-bromo-1,3-indandione (XLVII) and with 

2,2-dibromo-1,3-indandione (XLVIII). By a oomparison of the products 

obtained from these two reactions, it was hoped that information ooncern-

ing the mechanism by which they proceeded would be obtained. Such inform­

ation, it was expected, would help to solve the major problem of s.ynthesizing 

XLVII XLVIII 

Br 

Br 

betaines of the 1,3-indandione series when a rœthylpyridine or pyridine­

carboxylic acid was used as the entity providing tha positive centre of the 

inner salt. 

In his paper dealing 'Wi th the synthe sis of the 1-(3-hydroxy-1-oxo-2 

-indenyl)pyridinium hydroxide, betaine (XVIII)', Stafford (91) gave a sound 

explanation for the colour of this inner salt in terms of resonance. However, 

his proposed sequence of reactions, outlined below, left some doubt about 

the mechanism and the intermediate steps Which led to the formation of the 

1-(3-hydroxy-1-oxo-2-indenyl)pyridinium r~droxide, betaine (XVIII). 

The addition of bromine to pyridine resu1ted in the fonnation of 

pyridine bromide perbromide (IL), a mi1d brom.inating re agent. The perbromide 

(IL) with 1,3-indandione (L) gave 2-bromo-1,3-indandione (XLVII) which 

reacted further with pyridine to form the corresponding pyridinium salt (LI). 

On treatment with alkali, this salt yie1ded the 1-(3-hydroxy-1-oxo-2-indeny1) 
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+ ) + HBr 
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.. 
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pyridine 
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0 NaOH :o -HBr 

XVIII LI 

pyridinium hydroxide, betaine (XVIII). Apparently the alkal.i caused elimin­

ation of hydrogen bromide from 1-(1,3-dioxo-2-indanyl)pyridinium bromide 

(LI), and betainization, during which the 1-(3-hydroxy-1-oxo-2-indenyl) 

pyridinium hydroxide, betaine (XVIII) was formed. These intermediate steps 

appeared plausible, but actually no experimental proof was offered to 

support these assumptions. 

Pyridine bromide J:erbromide (IL) al.ways behaves as a mild bromin­

ating agent but wi thout specificity (151). In other words, the products 

obtained from the reaction of this reagent (IL) with substances whose 

molecules are susceptible to bromination, are identical with those isolated 

from the reaction of free bromine on the same substances. Only quantitativ~ 

and not qualitative, differences have been detected between pyridine bromide 
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~rbromide (IL) and free bromine in their use as brominating agents. 

When free bromine is allowed to react with 1,3-indandione (L), 

on1y 21 2-dibromo-1,3-indandione (XLVIII) is obtained, and 2-bromo-1,3-

indandione (XLVII) has never been iso1ated as an intermediate from this 

branination. On the basis of the foregoing experimental evidence, it can 

be argued that the reaction between pyridine bromide ~rbromide (IL) and 

1 1 3-indandione (L) should yie1d 21 2-dibromo-1,3-indandione (XLVIII). 

Furthermore, the formation of the 1-(3-hydroxy-1-oxo-2-indeny1)pyridinium 

hydroxide, betaine (XVIII) can be exp1ained readi1y by assuming that 21 2-di­

bromo-1,3-indandione (XLVIII) is an intermediate product of the reaction 

between pyridine bromide ~rbromide (IL) and 1 1 3-indandione (L). Conseq-

uently the following scheme is proposed to represent the steps of the 

reaction. 

L 

+ 
H 

.. 
Br3 IL 

r'.B-;~o"' ~· , 
v'~ .. 
Br+ __ 

XLVIII 

Q 

Ç.-~~ 
Br\J--

j N~H UI 

-0 
XVIII 
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According to this scheme, the reaction of pyridine bromide p:!r­

bromide (IL) with 1 1 3-indandione (L) results in the fonnation of 21 2-di­

bromo-1,3-indandione (XLVIII). The latter compound then reacts wi th 

pyridine to give 1-(2-bromo-1,3-dioxo-2-indanyl)pyridinium bromide (LII) 

which when treated w.i th alkalies, yields 1-(3-hydr_oxy-1-oxo-2-indenyl) 

pyridinium hydroxide, betaine (XVIII). 

Reaction of 2-bromo-1.3-indandione wi th pyridine 

2-Bromo-1,3-indandione (XLVII) (152) is quite reactive, rather 

unstable 1 and undergoes sel.f-polymerization at elevated temperatures. The 

bromine atom present in the molecule possesses a "positive" character 

which can be detected by the liberation of iodine upon treatment of 2-bromo-

1,3-indandione (XLVII) with an aqueous solution of potassium iodide in the 

presence of starch. The "positive" nature of this particular branine atom 

is not surprising because cases have been reported in the literature (153) 

in which ~.;.halo ri' r -diketones possess a "positive" halogen atom. 

When 2-bromo-1,3-indandione (XLVII) was added to pyridine 1 a 

yellowish solution was obtained, the colour of which deepened gradually 

as the reaction proceeded. Upon standing at room temperature for several 

hours, or short heating on the steam bath, the solution turned very dark. 

Then .the reaction mixture was diluted with water, the excess p,yridine 

extracted with ether, and the aqueous ley-er made alkaline. The 1-(3-hydroxy-

1-oxo-2-indenyl)pyridinium hydroxide, betaine (XVIII) deposited slowly and 

was identified with the betaine (XVIII) obtained by Stafford (91), by a 

comparison of their melting points and electronic absorption spectra. (All 

spectroscopie data will be discussed in a later chapter). The yield 

obtained in this case was much higher th an that reported by Stafford (91). 

Apparently, in the latter procedure the side reactions which occurred were 
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responsible for the low yields. 

It is emphasized that the reaction of 2-bromo-1,3-indandione 

(XLVII) with pyridine described above gives the sazœ product 1-(3-hydroxy-

1-oxo-2-indenyl)pyridinium hydroxide, betaine (XVIII), as stafford obtained 

when he allowed 1,3-indandione (L) to react with pyridine in the presence 

of bromine. This seems to confirm his proposa! that 2-bromo-1,3-indandione 

(XLVII) is an intennediate in the latter case. 

It was felt that 1-(1,3-dioxo-2-indanyl)pyridinium branide (LI) 

should be formed from 2-bromo-1,3-indandione (XLVII) in the first step of 

the reaction as the result of a simple nucleophilic attack by pyridine, 

be cause the final product of the reaction (XVIII), a betaine, contained 

both the pyridine and indane nuclei. This asswnption followed from a 

consideration of the normal course of betainization. 

ConsequentlY attempts were made to isolate the intermediate 

1-0;3-dioxo-2-indanyl)pyridinium bromide (LI). For this reason the reaction 

mixture of 2-bromo-1,3-indandione (XLVII) and pyridine was diluted with 

water and evaporated to dr.yness over phosphorus pentaxide at roam temperat­

ure. The black residue gave a strong positive test for anionic bromine and 

nitrogen. After having been thoroughly dried in vacuo, the residue was a 

bri t tle re si nous mass 'Which appe ared parti ally crystalline, and parti ally 

amorphous. When sublimation of this material was attempted, a white 

substance sublimed first. It was purified by recrystallization from a 

mixture of chloroform and styrene and found to be pyridine hyd:robromide. 

At a higher temperature, a lustrous yellow substance sublimed which waa 

identified with the 1-(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, 

betaine (XVIII) prepared by Stafford (91). 

The isolation and identification of the pyridine hydrobromide and 
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the 1-(3-hydroxy-1-oxo-2-indenyl)pyrid.inium hydroxide, beta.ine (XVIII), 

led to the conclusion that the intermediate 1-(1,3-dioxo-2-indanyl)p,yri­

dinium bromide (LI) is very reactive and undergoes spontaneous dehydrobrom­

ination. The latter process apparently is due to the presence of pyridine. 

FU.rthermore the isolation of these two products indicates that the "positive" 

brom.ine present in 2-bromo-1,3-indandione (XLVII) can be released also in 

an anionic form. 

Reaction of 2,2-dibromo-l,)=indandione with pyridine 

2,2-Dibromo-1,3-indandiona (XLVIII) (154) was obtained directly 

from the . bromination of 1,3-indandione (L) in glacial acetic acid. Upon 

treatment of a suspension of 2,2-dibromo-1,3-indandione (XLVIII) in water 

with an aqueous solution of potassium iodide, iodine was liberated reveal­

ing that the compound contained "positive" bromine. 

When the colourless 2,2-dibromo-1,3-indandione (XLVIII) was 

added to pyridine, an orange solution was obtained the colour of which 

deepened gradually with time. This served as qualitative evidence that 

some kind of reaction was occurring. 

It is difficult to explain the progressive change in colour of 

the reacti on mixture in terme either of the shift of a bramonium ion or 

the fonnation of a typical. pyridinium salt. In the former case, the mig­

ration of one positively charged bromine atom in the molecule of 2,2-di­

bromo-1,3-indandione (XLVIII) is not likely to cause su ch a pronounced 

change in colour because only one double bond is shifted. In addition, it 

is wall known that the group -OBr is not stable, be cause both the oxygen 

&nd bromine are strongly electronegative , and consequently the (ii) form 

of 2,2-dibromo-1,3-indandione (XLVIII) can not predominate in an equilibrium 

of for.ms (i) and (ii) of the compound (XLVIII). The latter explanation for 
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the change in colour based on the assumption that a pyridinium salt, 1-(2-

bromo-1,3-dioxo-2-indanyl)pyridinium. bromide (LII), can form by the splitting 

off of a bromine anion and quaternization of the annular nitrogen, is not 

satisfactory either. 

0 

i ii 
XLVIII 

-
XLVIII LII 

When the salt (LII) is produced, a molecule of pyridine containing three 

aromatic double bonds is added to the molecule of 21 2-dibromo-1,3-indandione 

(XLVIII). The resonating structures which contribute to the resonance 

hybrid of 1-(2-bromo-1,3-dioxo-2-indanyl)pyridinium bromide, molecule (LII), 

arise from shifts of <'tf ele etrons. 'Wi thin the indane, and wi thin the pyridine 
..... ç ~ 

part of the mole cule. The group /~N( acta as a barrier and prevents 
.....C tsr 

the free shift of ~ electrons throughout the cation of 1-(2-bromo-1,3-dioxo-

2-indanyl)pyridinium bromide (LII). The existence of this barrier limita 

considerably the number of resonating structures, and consequently the great 

change in colour during the reaction between pyridine and 2,2-dibromo-1,3-

indandione (XLVIII) can not be explained adequately by resonance. 
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The observed so1vatochramy of the reaction mixture under dis­

cussion emphasized the doubts existing about the formation of 1-(2-bromo-

1,3-dioxo-2-indany1)pyridinium bromide (LII) as the main product of the 

reaction between 2,2-dibromo-1,3-inda.ndione (XLVIII) and pyridine. It was 

found that when water was added, the colour of the reaction mixture became 

1ighter, but when the same quantity of ethanol was added no significa.nt 

effect on the colour was observed ether than that expected due to dilution. 

The decrease in intensity of co1our upon the addition of water definitely 

was not a 1inear function of the concentration of reaction product, but 

appeared to be a comp1icated function of a var,ying rate and degree of hyd-

ration of this product. If the decrease in intensity of co1our were simply 

a function of the concentration of reaction product, then this decrease 

should be almost independent of the nature of the so1vent and should depend 

on the amount of solvent added. 

Additiona1 experimental work verified these assumptions and left no 

doubt that the product of the reaction of p,yridine with 2,2-dibromo-1,3-indand­

ione was not 1-(2-bromo-1,3-dioxo-2-indanyl)p,yridinium bromide (LIT), but 1-(3-

hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, betaine ~II). The latter comp-

ound was isolated by removing the excess pyridine in vacuo and recrystallizing 

the semisolid residue from alcohol. The residue al so could be purified by frac-

tional sublimation, and this method was preferable because two different crystal-

line compounds, pyridine hydrobromide and 1-(3-hydro~-1-oxo-2-indenyl)pyridinium 

hydroxide, betaine (XVIII), could be separated easily. It is pointed out that 

the sublimation of the reaction mixture was carried out in an all-glass 
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sublimation apparatus, because the pyridine hydrobromide present attacked 

rubber. 

In addition to the pyridine hydrobromide and the 1-(3-hydroxy-1-

oxo-2-indenyl)pyridinii.Im hydroxide, betaine (XVIII), there remained in the 

sublimation apparatus, a black residue which did not sublime but began to 

soften at an elevated temperature. Attempts to crystallize this amorphous 

material or to isolate a hamogeneous substance from it were unsuccessful. 

Examination of the residue under the microscope showed that it was comp!etely 

amorphous, and a hard, brittle, resinous polymerie substance, which did not 

possess any tendency to form fibres. The latter characteristic was a qualit-

ative indication that the material was not a linear polymer. Elementary 

analysis of the substance indicated the presence of nitrogen and anionic 

bromine. 

The reaction between p,yridine and 2,2-dibromo-1,3-indandione 

(XLVIII) may be considered as an elimination of two bromine atoms from each 

molecule of. 2,2-dibromo-1,3-indandione (XLVIII), followed by the formation 

of the corresponding pyridinium betaine (XVIII). This reaction seems to be 

similar to that of pyridine with 5,5-dibromobarbituric acid (LIII) reported 

recently by Taylor, Jr., and his collaborators (101), in which the products 

were 1- @-(2,4,6-trioxohexahydropyrimidyl~yridinium betaine (XXII) arrl 4-

p,yridyl-p,yridinium bromide hydrobromide (LIV). According to the nechanism 

proposed (101) for the latter reaction, the first step was a nucleophilic 

attack by pyridine and displacement of a bromonium ion. 

The similarity between the reaction of pyridine with 2,2-dibromo-1, 

3-indandione (XLVIII) and 5,5-dibromobarbituric acid (LIII) is considered to 

arise from the fact that both compounds possess a f, f-dibromo-o<,(-diketo 

group in their molecule which can be attacked by p,yridine. In beth cases, 

also, the corresponding pyridinium betaine is formed. 
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However, differences are apparent between these two reactions. 

T~1or, Jr., and his co-workers (101) found that the second product of the 

reaction betwe3n pyridine w:d 5, 5-dibromobarbituric acid (LIII) was 4-pyridy1-

pyridinitnn bromide hydrobromide (LIV). In the reaction mixture of pyridine 

and 2,2-dibromo-1,3-indandione (XLVIII), pyridine hydrobromide was isolated. 

Subsequently, T~lor, Jr., and his co1leagues (101) found that the 

reaction of pyridine with 5-bromo-5-nitrcbarbituric &.cid (LV) gave the sa:œ 

pyridinium betaine (XXII) as that obtained fran the reaction of pyridine and 

5,5-dibromobarbituric acid (LIII). However, Metro and Taurins (155) studied 

0 ~ 

~ 1 ~ 

~1 -+~ 
: 1 ~ 

XXII HBr 
H 

LV LIV 
the reaction of 2-bromo-2-nitro-1,3-indandione (LVI) wi th pyridine and founi 

that the pyridiniure salt of the aci-nitro form of 2-nitro-1,3-indandione (LVII) 

was formed, as shown by the fo1lowing scheme. 
0 0 

0 + 
cf Br 

"No2 

LVI 

A consideration of the experimental evidence presented above leads 

to the assumption that the mechanism for the reaction of 2,2-dibromo-1,3-
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indandione (XLVIII) with pyridine is not identical wi th that proposed by 

Taylor, Jr., and his co-workers (101) for the reaction of p,yridine with 

5,5-dibromobarbituric acid (Lili). Consequently, the following scheme 

is postulated to represent the mechaniam by which pyridine reacts with 

2,2-dibromo-1,3-indandione (XLVIII),(Fig. 1). 

The first step of the reaction of pyridine with 2,2-dibromo-1,3-

indandione (XLVIII) is considered to be a nucleophilic attack by .pyridine. 

This nucleophilic attack causes an elimination of one bromine anion from 

each molecule of 2,2-dibromo-1,3-indandione (XLVIII) and the subsequent 

fonnation of 1-(2-bromo-1,3-dioxo-2-inda.nyl)pyridinium bromide (UI). 

From the point of view of the products obtained, it does not matter whether 

the pyridine attacks the carbon atom of one of the carbonyl groups first, 

or the carbon atom in 2 position of 2,2-dibromo-1,3-indandione (XLVIII). 

However, a careful anaJ.ysis of the electronic distribution and polarization 

of the keto groups of this compound (XLVIII), indicates that the nucleo­

philic attack occurs at the carbon atom of one of the keto groups of 

2,2-dibromo-1,3-indandione (XLVIII). An unstable intennediate (LVIII) is 

formed which rapidly undergoes a 1,2-shift of the type discussed by Ingold 

and Shoppee (147). This rapid re arrangement result s in the fonnation of 

1-(2-bromo-1,3-dioxo-2-indanyl)pyridinium bromide (LII), which is attacked 

by another molecule of pyridine. The latter nucleophilic attack brings 

about the removal of the remaining bromine atom, in 2 position of the indane 

nucleus, as a bromonium ion. This ion forms an unstable complex (LIX) 

with pyridine while 1-(3-nydroxy-1-oxo-2-indenyl)pyridinium hydroxide, 

betaine (XVIII) is being produced simultaneously. The pyridine-bromine 

complex (LIX) reacts further with p,yridine giving pyridine hydrobromide and 

4-pyridyl-pyridinium bromide (LX). The inability to isolate the latter 
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FIG. 1. Schematic representation of the reaction 
of p,yridine and 2,2-dibromo-1,3-indandione 
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salt (LX) .from the reaction mixture of 21 2-dibromo-1,3-indandione (XLVIII) 

is attributed to the probable polymerization of 4-pyridyl-pyridinium 

branide (LX) in the presence of pyridine and anionic or cationic bromine, 

the latter being provided by 2,2-dibromo-1,3-indandione (XLVIII) as 

preYi.ously described. The high reactivity of the latter compount (XLVIII) 

makes possible the participation of this substance in the initial or .final 

stages of the pol.ymerization, the probable mechanism for which is outlined 

schematically in Fig. 2. 

Reaction of 2-, 3-, and 4-methylpyridines with 1 13-indandione in 

the presence of bromine 

The 1-(3-hydro:xy-1-oxo-2-indenyl)pyridinium hydroxide, betaine 

(XVIII) may be considered as the simplest pyridinium betaine of the 1,3-

indandione series. The possibility of synthesizing similar inner salts 

using the three isomerie methylpyridine s (picolines) instead of pyridine 

was examined, in an effort to detennine how the methyl group attached to 

the pyridine molecule "WOuld affect the synthe sis. It appeared possible 

that instead of the formation of a bond between the carbon in 2 position 

of 2,2-dibromo-1,3-indandione (XLVIII) and the annular nitrogen of the nethyl­

pyridine s, an elimination of hydrogen bromide or water might occur as shawn 

below. 

Elimination of nydrogen bromide? 

Br 

Br 

Elimination of water? 
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5BzG7 + 3HBr 

FIG. 2 
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As the first approach to this prob1em it seerned logical to follow 

the previously mentioned procedure of Stafford (91). If the isomerie 

2-, 3-, and 4-methylpyridines reacted similarly to pyridine, then the 

reaction of the methylpyridine s wi th 1,3-indandione (L) in the presence 

of bromine would be expected to give the de sired be taine s. 

However, this rnethod of approach was viewed with a certain amount 

of skepticism because of the experimental data avai1ab1e about the reaction 

of bromine with methylpyridines. It has been reported (156) that when 

bromine was added to any of the three isomerie methylpyridine s, the 

reaction mixture turned black and rapid polymerization ensued. Only in 

the case of 3-methylpyridine was i t possible, under carefully controlled 

conditions, to obtain 11 ~ -picolyl bromide 11 (156). The latter tend.ed to 

undergo self-polymerization rapidly. 

Attempts were made to determine whether the reaction of methyl­

pyridines wi th bromine would pursue the same path in the presence of 

1,3-indandione (L). In these attempts essential1y the same procedure as 

Stafford had used for the reaction w.i th pyridine was fo1lowed. It was 

thought that the molecule of 1,3-indandione (L), being highly reactive, 

might alter the direction of the reaction of brornine wi th rnethylpyridine s. 

In other words that the intermediate bromination of 1,3-indandione (L) might 

be the predominant reaction and inhibit polymerization of the methylpyridines. 

However this did not prove to be the case. When brornine was 

added dropwise into a solution of 1,3-indandione (L) in any one of the 

methy1p,yridines, even at oo, a rapid polyrnerization was the only reaction 

which occurred. In all cases, a black semiso1id product was obtained which 

was extracted with ether to rernove any free methy1pyridine present in the re­

action mixture. After this extraction, the material dried and a hard resinous 
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residue was obtained. Sublimation of this material yielded a white sub-

stance which was identified as the corresponding methylpyridine hydro-

bromide. The hydrobromides were rapidly decomposed by alkalies to the 

corresponding free methylpyridine bases. The latter were identified by 

their boiling points and their derivatives with picric acid. 

The me chanism. by which this polymerization of the methylpyridines 

proceeds is somewhat uncertain, but the following outline is proposed to 

represent a possible sequence of reactions. In this outline 4-methylp,yri-

dine is used as the re acting en ti ty. The first step of the reaction is 

the replacement of one, or perhaps more, hydrogen atoms .of the methyl 

group of 4-m.ethylpyridine by bromine. The electron--attracting effect 

exerted by the annular nitrogen brings about the release of a proton from 

the methyl group attached to the 
~~~ 

H- :' ___ B_!'~: Br 

3Bf9 

Polymer 
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the methyl group negatively charged. In other words, a carbanion is 

formed. Simultaneously with the release of the proton and formation of a 

carbanion, a bromine molecule present in the reaction mixture cleaves 

heterolytically. '!he anionic bromine atom thus formed combines with the 

displaced proton giving hydrogen branide, which then reacts with the 

organic base present producing 4-methylpyridine hydrobromide. The bromon­

ium ion combined with the carbanion forming 4-methylpyridyl bromide. The 

latter product, by reacting with another molecule of 4-methylpyridine or 

4-methylpyridyl bromide, initiates a polymerization 'Which proceeds very 

rapidly. 

The assignment of the same mechanism to the polymerization react­

ion of 2-methylpyridine in the presence of bromine is based on a consider­

ation of the resonating structures contributing to the resonance hybrid of 

2-, and 4-methylpyridine. 'Ihese canonical structures show clearly that 

there is quite a low electron density in the 2 - and 4 position of pyridine 

and that this is a result of the electron attraction by the annular nitrogen 

atom. The resonating structures which contribute to the resonance hybrid 

of the 3-methylpyridine molecule however, reveal that the electron density 

in 3 position is relatively higher than in 2 or 4 position. Apparently 

the inductive effect of the annular nitrogen atom does not affect consid­

erably the electron density in 3 position. Thus, the hydrogen atoms of 

the methyl group attached to the pyridine nucleus in 3 position do not 

exhibit a strong tendency to be released as protons. However, the replace­

ment of a hydrogen atom of the methyl group in 3 position by a bromine 

atom can occur but does so with less vigour than in the case of 2-, and 4-

methylpyridine. 

The polymerization of 2-, 3-, and 4-methylpyridine in the presence 
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of bramine which occurred even at 0°, inhibited the subsequent reaction 

with 1,3-indandione (L). Consequently attempts were made to prevent this 

polymerization by lowering the temperature of the reaction. In a series 

of experimenta, the flask containing the methylpyridine was immersed in a 

dry ice-acetone bath. The organic base rapidly solidified and bromine was 

added to it dropwise. The bromine aJ.so solidified immediately, so that a 

two phase solid s,ystem was formed. A slow reaction proceeded at the 

interface between the two phases, yielding an orange-yellow solid product. 

This product was not identified but presumably it was a methylpyridine­

bromine complex similar to the pyridine-bromine complexes (151). When 
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the reaction mixture was allowed to reach the temperature at which both 

reacta.nts became licpid, po1ymerization started immediate1y and a semiso1id 

tar was produced. The same result was obtained when 1 1 3-indandione (L) was 

present in the reaction mixture. 

The se experimenta demonstrated th at the three methy1pyridine s 

did not react with 1 1 3-indandione (L) in the presence of bromine to give 

methy1pyridinium betaines of the 1 1 3-indandione series. Consequently 

further experimental work in this direction was abandoned. 

Reaction of 4-methylpyridine with 2,2-dibromo-1,3-indandione 

Since the application of the Stafford procedure (91) failed to 

yield, in the case of methylpyridines, the desired betaines of the 1,3-

indandione series, the reaction of 2 1 2-dibromo-1,3-indandione (XLVIII) with 

4-methylpyridine was attempted. The addition of 4-methylpyridine to a 

boiling solution of 21 2-dibromo-1,3-indandione (XLVIII) in ethanol caused 

an immediate change in the colour of the solution. As the reaction proceeded 

the colour became a deep red. Upon cooling the reaction mixture, a dark 

red crystalline ma.terial separated which was identified as the l-(3-hydroxy­

l-oxo-2-indenyl)4-methylpyridinium hydroxide, betaine (LXI). Assignment 

of the following structural formula to the latter compound (LXI) was based 

on the molecular weight determination and elementary analysis. A camparison 

of the electronic absorption spectra of this compound and the 1-(3-hydroxy-

1-oxo-2-indenyl)pyridinium hydroxide, betaine (MII) revealed a similarity 

in pattern which served to confirm the postulated formula (LXI) for the 

reaction product of 4~thylpyridine and 21 2-dibromo-1,3-indandione (XLVII). 

An explanation in terms of resonaJlce can be offered for the deep 

colour of the l-(3-hydro~-l-oxo-2-indenyl)4-methylpyridinium hydroxide, 

betaine (LXI), analogous to that given by Stafford (91) for the correaponding 
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0 

LXI 

betaine of pyridine (XVIII). In this connection, the difference between tha 

P'Jridinium betaines o.f the 1,3-inda.ndione series and the rnerocyanine dyes 

(157) should be pointed out. This class of dyes possesses the fUnction 

(LXII). 

Jf=[C-CiC-
A ~ 

LXII 

When n=l, the fUnction exists also in the 1,3-indandione series of pyrid-

iniurn betaines (LXIII). In contrast >-dth the betaines (LXIII) which are 

always dipolar ions, the merocyanine molecule (LXIV) has resonating 

structures contributing to its resonance hybrid Which may or mqy not be 

ionie. 

C=o~~ 
~N 

1 

J-0 . :(f) 
R 

LXIV 
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Concurrent research (158) in this laboratory, dealing with the 

synthesis of certain phthalones, afforded the opportunity to compare 

typical merocyanines with the pyridinium betaines of the 1,3-indandione 

series. It was observed that the merocyanines had a lighter colour than 

the corresponding pyridinium betaines and the dissimilarity in colour was 

attributed to the difference in the degree of polarity within the molecules 

of the two types of compounds. 

The elimination of one molecule of bromine from each molecule 

of 2,2-dibromo-1,3-indandione (XLVIII) and the for.mation of the l-(3-

hydroxy-l-oxo-2-indenyl)4-methylpyridinium hydroxide, betaine (LXI) can be 

considered as the result of a typical nucleophilic attack by a molecule 

of 4-methylpyridine. The mechanism for the reaction appears to be the 

same as that proposed for the reaction of pyridine with 21 2-dibromo-1,3-

indandione (XLVIII) since the same type of product is isolated from the 

reaction mixture in each case. 

In the reaction of 4-methylpyridine with 2,2-dibromo-1,3-ind­

andione the corresponding betaine (LXI), 4-methylpyridine hydrobromide, 

and a dark polymer were isolated as products. In this case, polymerization 

followed a camplicated path, since the methyl group attached to the pyridine 

ring could participate in the formation of intermolecular links and in this 

way propagate polymerization. The participation of the methyl group was 

possible because one of its hydrogen atoms could be replaced by a bromine 

atom in a typical electrophilic attack by a bromonium ion. 

Elimination of a molecule of bromine from each molecule of 2,2-

dibromo-1,3-indandione (XLVIII) raised the question whether this elimination 

was due exclusively to nucleophilic attack of the compound (XLVIII) by 

4-methylpyridine or whether the solvent exerted sorne effect on this partie-
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ular elimination process. 

The reaction of 2,2-dibromo-1,3-indandione and 4-methylpyridine 

was carried out in alcoholic solution, although cases had been reported 

in which elimination of a bromine molecule from a dibromo compound was 

catalyzed by ethanol. · Urushihara and Ando (159) had obtained 4-cholestene-

3,6-dione (LXV) by refluxing an alcoholic solution of 5,6-dibromo-3-chol­

estanone (LXVI). 

The latter type of bromine elimination which was followed by oxidation was 

different from the elimination of bromine from 2,2-dibromo-1,3-indandione 

(XLVIII) because in 5,6-dibromo-3-cholestanone (LXVI), the bromine atoms 

are attached to vicinal carbon atoms, While in 2,2-dibromo-1,3-indandione 

(XLVIII) both bromine atoms are attached to the same carbon atan. In an 

effort to determine the effect of solvent, the reaction of 2,2-dibromo-1, 

3-indandione (XLVIII) wi th 4-methylpyridine was carried out in dry toluene. 

The products in this case were the same as those obtained previously in 

an alcoholic medium but the yield of l-(3-hydroxy-l-oxo-2-indenyl)4-methyl­

pyridinium hydroxide, betaine (LXI) was lower. In toluene, polymerization 

occurred to a greater extent. The explanat i on for this phenomenon i s based 

on the following two factors. 

1. The effect of temperature on the reaction 

The reaction of 2 , 2-di bromo-1,3-indandione (XLVIII) and 4-methyl-



pyridine was carried out either in boiling ethanol or boiling toluene. Since 

ethanol has a considerably lower boiling point than toluene, the rate of 

the reaction should be greater in toluene according to the Arrhenius law 

of chemical kinetics. As already mentioned, this reaction yielded two 

main products, l-(3-hydroxy-l-oxo-2-indenyl)4~ethylpyridinium hydroxide, 

betaine (LXI), and 4-rnethylpyridine hydrobrornide, and in addition a polymer. 

The process is considered to consist of two reactions, polymerization and 

betaine formation which proceed simultaneously. A temperature increase 

seerns in this particular case to favour the rate of polymerization rather 

than that of betaine formation. Consequently, the yield of polymer is 

higher at higher temperatures. 

2. The effect of the chemical nature of the solvent 

It was observed that in toluene polymerization occurred predomin­

antly even when the reaction was carried out at the temperature of boiling 

ethanol, Since a lower yield of polymer was obtained when ethanol was used 

as solvent at the same temperature, it was concluded that the ethanol inhib­

ited the polymerization process to sorne extent. This inhibition is attrib­

uted to the ethanol being an efficient accepter of the "positive" bromine 

liberated during the reaction. As previously shown, this "positive" 

bromine acts as a propagator of polymerization. Consequently, if sorne of 

the positive bromine is consumed b,y the ethanol during the reaction, then 

polymerization will occur to a lesser extent than when the reaction is 

carried out in toluene. 

Reaction of 2,2-dibrorno-1,3-indandione wi th 4-rneth.ylpyridine in 

the presence of styrene or phenol 

The next question which arose was whether free brornine was 

released in any of the steps of the reaction between 2,2-dibrorno-1,3-ind-
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andione (XLVIII) and 4-methylpyridine. As previously mentioned, 2,2-di­

bromo-1,3-indandione liberated iodine upon treatment with an aqueous 

solution of potassium iodide. Obviously then, this reaction would inter­

fere wi th the iodanetric determination of any free bromine released during 

the reaction of 2,2-dibromo-1,3-indandione (XLVIII) wi th pyri.dine bases. 

Consequently, the detection and determination of the liberated bromine in 

the reaction mixture was difficult. Ordinarily, the elegant procedure of 

Bartlett and Altschul (153) for determi..."lir.g "positive" halogen could be 

used to detect free halogen. However, because 2,2-dibromo-1,3-indandione 

(XLVIII) is able to re act wi th cyclohexene (16o), the method of Bartlett 

and Altschul could not be applied in this case. 

As one approach to the problem, the reaction of 2,2-dibromo-1,3-

indandione (XLVIII) and 4-methylpyridine was attempted in the presence of 

phenol, or styrene which had been stabilized against polymerization by 

tertiar,y butyl catechol. Then if bromine was liberated during the reaction, 

either styrene dibromide or 2,4,6-tribromophenol should be formed. How­

ever, neither of these bromination products were obtained from the reaction 

mixture and in each case either styrene or phenol was recovered. In the 

case of styrene the few milligrams of styrene dibromide isolated \'ras 

considered to arise from a rninor side reaction of 2,2-dibromo-1,3-indandione 

(XLVIII) and styrene. 

The failure to isolate eny free bromine from the reaction mixture 

of 2,2-dibromo-1,3-indandione (XLVIII) and 4-methylpyridine served to 

confirm the mechanis.m previously postulated for the reaction, according to 

wnich the elimination of both bromine atoms from the molecule of 2,2-dibromo-

1,3-indandione (XLVIII) does not proceed simultaneously but in two different 

steps. 



Reaction of 2-bromo-1,3-indandione with 4-meth1lpyridine 

4-Methylpyrid.ine reacted with 2-bromo-113-indandione (XLVII) 
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in the same way as pyridine, and the ultimate product of the reaction was 

the same betaine (LXI) which had been obtained from the reaction of 21 2-

dibromo-113-indandione (XLVIII) with 4-methylpyridine. It was observed 

that 4~ethylpyridine reacted with greater ease than pyridine with 2-bromo-

1,3-indandione (XLVII) and for this reason, the reaction of 4~ethylpyridine 

with 2-bromo-113-indandione (XLVII) was carried out at roan temperature over 

a period of 24 hours. 

When the reaction was attempted at an elevated temperature, the 

main product was a black semisolid polymer. The intermediate product, 

which should be a cyclammonium salt (LXVII), formed from the addition of 

~methylpyridine and 2-bromo-113-indandione (XLVII) could not be isolated 

for the same reasons that the inter.mediate pyridinium salt (LI) could not 

be obtained. 

The formation of the 1-(3-hydroxy-1-oxo-2-indenyl)~methylpyri­

dinium hydroxide, betaine (LXI) was thought to be the result of a typical 

nucleophilic attack of 2-bromo-1,3-indandione (XLVII) by 4-methylpyrid.ine. 

This attack was similar to that previously described in the reaction of 2-

bromo-1,3-indandione (XLVII) with pyridine, but proceeded with greater ease. 

Theoretical considerations confirm the experimentally observed 

fact that 4-methylpyridine has a higher reactivity than pyridine towards 

2-bromo-1,3-indandione (XLVII). In ~methylpyridine, the methyl group has 

an electron repelling effect which is in the same vectorial direction as 

the inductive effect of the annular nitrogen atam. These cambined effects 

cause a high electron density around the nitrogen atom. Because of this 

higher electron densit,y, 4-methylpyridine has a stronger nucleophilic 
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character than unsubstituted pyridine, and consequent~ a higher reactivity 

towards 2-bromo-1,3-indandione (XLVII). 

XLVII 

LXI 

Reaction of 3-methylpyridine with 2,2-d.ibromo-l,J-indandione and 

2-bromo-1,3-indandione 

The products of the reaction of 3-methylpyridine and 2,2-dibromo-

1,3-indandione (XLVIII) were l-(3-hydro.xy-l-oxo-2-indenyl)3-methylpyridinium. 

hydroxide, betaine (LXVIII), 3-methylpyridine hydrobromide and a polymerie 

mate rial. The similari ty of the se products wi th th ose obtained from the 

reaction of pyridine or 4-methylpyridine with 2,2-dibromo-1,3-indandione 

(XLVIII) led to the conclusion that all of these reactions proceeded by a 

similar mechanism. 

XLVIII 

Br 
~ 

Br 

LXVIII + polymer 

However it was observed that 3-methylpyridine exhibited less 

reactivity than 4-methylpyridine toward 2,2-dibromo-1,3-indandione (XLVIII) 



and more drastic conditions of time and temperature were necessary to 

accomplish the reaction of the se compound s. Lengthy refluxing of 3-

methylpyridine and 2,2-dibromo-1,3-indandione (XLVIII) in methanol or 
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ethanol, resulted in almost quantitative recovery of the starting materials. 

Only the slight increase in the intensity of the yellow colour of the 

reaction mixture indicated that an extremely slow reaction was occurring. 

The desired product, l-(3-hydroxy-l-oxo-2-indenyl)3-methylpyridinium 

hydroxide, betai.ne (LXVIII), was obtai.ned, when the mixture of reactants 

was dissolved in hot isoamyl alcohol and refluxed for a long time. It 

was noted that if the reaction time was not sufficiently long, and unreact­

ed 2,2-dibromo-1,3-indandione (XLVIII) was still present in the reaction 

mixture, a molecular compound of l-(3-hyd.roxy-l-oxo-2-indenyl)3-methylpyr­

idinium hydroxide, betaine (LXVIII) and 2,2-dibromo-1,3-indandione (XLVIII) 

was obtai.ned. Analysis revealed that this molecular complex had the empir­

ical formula (c15H11No2)
5
c9H

4
o2Br2, that is, five molecules of the inner 

salt (LXVIII) were combined with one molecule of 2,2-dibromo-1,3-indandione. 

The fonnation of such a molecular compound in the field of pyridinium salts 

and betai.ne s is very common and well known (161). 

The betaine (LXVIII) obtained from the reaction of 3-methylpyri­

dine and 2,2-dibromo-1,3-indandione (XLVIII) was identified by elementary 

analysis, by its deep yellow colour, and by comparison of its electronic 

absorption spectrum with the absorption spectra of the inner salts obtamed 

from the reaction of pyridine or 4-methylpyridine with 2,2-dibromo-1,3-

indandione (XLVIII) or 2-bromo-1,3-indandione (XLVII). A close similarity 

in the patterns of these spectra was observed. 

As has been mentioned previously, 3-methylpyridine exhibits a 

lower reactivity toward 2,2-dibromo-1,3-indandione than does 4-methyl-
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p,yridine. This is due to the fact that the methyl group in 3 position has 

a negligible electron repelling effect toward the annular nitrogen atom. 

Consequently this methyl group is unable to increase the electron density 

of the nitrogen and the nucleophilic character of 3-methylpyridine. 

The reaction of 3-methylpyridine with 2-bromo-1,3-indandione 

(XLVII) proceeded snoothly, without complications, to yield the same inner 

salt (LXVIII) as was obtained from the reaction of 3-methy1pyridine l'4i.th 

2,2-dibromo-1,3-indandione (XLVIII). 

Reaction of 2-methylpyridine with 2,2-dibromo-1,3-indandione 

and 2-bromo-1,3-indandione 

The reaction of 2-methy1p,yridine with either 2,2-dibromo-1,3-

indandione (XLVIII) or 2-bromo-1,3-indandione (XLVII) did not produce the 

corresponding betaine with the 2-methylpyridinium group as the cationic 

function, although both reactions were attempted under var,ying conditions 

of temperature, solvant and time. In al1 cases, the reaction mixture 

turned yellow-red immediately and this co1our became darker as the reaction 

proceeded. Tests for the amount of unreacted 2,2-dibromo-1,3-indandione 

(XLVIII) or 2-bromo-1,3-indandione (XLVII) indicated that it decreased 

rapidly and in this way revealed that some kind of reaction occurred. 

The reaction product isolated was a tar, and no traces of the 

l-(3-hydro~-1-oxo-2-indenyl)2-methylpyridinium hydroxide, betaine could be 

detected, although the latter was expected as one of the products of the 

reaction by analogy with the betaines obtained from the reaction of 2,2-di­

brom.o-1,3-indandione (XLVIII) and 2-bromo-1,3-indandione (XLVII) with 

pyridine, 4-methy1pyridine and 3-methylpyridine. 

In this connection, it was noted that Taylor, Jr., and his 

collaborators (101), failed to iso1ate a definite product from the reaction 



71. 

of 5, 5-dibromobarbituric acid wi th 2-methylpyridine. They assumed that 

this failure was due to steric factors. However, in the present case, 

the explanation could not be based on steric hindrance factors for the 

following reasons. 

1. The construction of a scale model of l-(3-hydroxy-l-oxo-2-indenyl)2-

methylpyridinium hydroxide, betaine (LXIX) shows clearly that no consider­

able steric factor is involved. It is difficult to imagine the methyl 

group which is neither bulky nor polar exerting such a strong steric effect 

that the reaction would be prevented completely from taking place. 

LXIX -.N-.ot;;....::==--.;;;. 

2. As will be discussed 1ater, when 2-pyridinecarbo:xy1ic acid (pico1inic 

acid) is used in the reaction in place of 2-methylpyridine, the correspond­

ing betaine is formed. This fact demonstrates clear1y that the failure of 

the reaction of 2-methylpyridine with 2,2-dibromo-1,3-indandione (XLVIII) 

or 2-bromo-1,3-indandione (XLVII) to produce the l-(3-hydroxy-1-oxo-2-ind­

enyl)2-methylpyridinium hydroxide, betaine (LXIX) cannot be attributed to 

steric hindrance by the methyl group present in the 2 position of pyridine 

ring. If the failure was due to steric hindrance, then the polar arxl more 

bulky carboxylic group of 2-pyridinecarboxylic acid should inhibit the 

formation of the inner salt to an even greater extent than the rnethyl group 

of 2-methylpyridine. 

It is postulated that the failure of the reaction of 2-methylpyr­

idine with 2,2-dibromo-1,3-indandione (XLVIII) and 2-bromo-1,3-indandione 

(XLVII) to produce the betaine (LXIX), is due to the high susceptibility of 
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the methyl group in 2 position of pyridine nucleus to an electrophilic 

attack in which a hydrogen atom is replaced by the attacking electrcphilic 

entity. Since it is known that bromOnium ions provided by 21 2-dibromo-1,3-

indandione (XLVIII) or 2-bromo-1,3-indandione (XLVII), are present in the 

reaction mixture, it is assumed that these ions attack the methyl group. 

This electrophilic attack initiates a polymerization similar to that which 

occurs during the reaction of free bromine with methylpyridines. In the 

present case, the polymerization process follows a more complicated patt­

ern because 21 2-dibromo-1,3-indandione (XLVIII) or 2-bromo-1,3-indandione 

(XLVII) may participa te. 

Additional evidence which favours this explanation is that 

2-aminop,yridine also reacts with 21 2-dibromo-1,3-indandione (XLVIII) and 

2-brano-1,3-indandione (XLVII), giving a polymerie material. The chemical 

character of the hydrogen atome of the amino and methyl groups in 2 position 

of p,yridine nucleus, are qualitatively similar because protons can be dis­

placed from both groups by an electrophilic attack. It is pointed out 

that polymerization proceeds more rapidly in the case of 2-aminop,yridine, 

probably because the hydrogen atome of the amino group are more mobile than 

those of the corresponding methyl group. 

In another experiment, the amino group of 2-aminopyridine was 

protected by benzqylation, and the benzoyl derivative allowed to react with 

2,2-dibramo-1,3-indandione (XLVIII). No reaction between the reactants 

oecurred because of the steric hindrance of the bulky dibenzoylamino group. 

However, 2,2-dibromo-1,3-indandione (XLVIII) underwent self-condensation 

giving tri-o-benzoylene-benzene (LXX). 
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LXX 

Reaction of 2,2-dibromo-1,3-indandione with pYridinemonocarboxylic 

acids 

The .fact that 2-, and ~methylpyridine exhibited a higher reactiv­

ity towards 2,2-dibromo-1,3-indandione (XLVIII) than unsubstituted pyridine, 

was explained previously in terms of a higher electron den si ty around the 

annular nitrogen atan. This increased electron density strengthened the 

nucleophilic character o.f the organic base. 

Although this explanation seemed plausible, it was .felt that it 

should be supported by confinnatory experimental evidence. Consequently 

the reaction o.f 2-, 3-, and 4-pyridinecarboxylic acids with 2,2-dibromo-1, 

3-indandione (n.VIII) was studied. 'Ihese reactions were of interest because 

the electron attracting carb~lie group was attached to the pyridine nucleus, 

and this fUnctional group could be considered as a potential negative centre 

in the betaine which might be formed during the reaction. It vas expected 

that this study 'WOuld reveal wbether the carbo:xylic or enolized keto group 

was the predominant negative pole o.f inner salt (LXXI). 

coo- LXXI COOH 

The measurement of the dissociation constants o.f pyrid:tnemonocar.;.. 
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boxylic acids by ultraviolet spectrophotometry (162,163,164,165,166) prov­

ided the information that these acids exist in a tautomeric equilibri.tun, 

in which the zwitterion form is predominant. 

COOH co~ 

LXXII 

The tau tome rie form (LXXII) may be considered as a nucleophilic re agent, 

because the annular nitrogen atom possesses an unshared electron pair, 

while the nitrogen in the zwitterion tautomeric form (LXXIII) Shares an 

electron pair with the proton which has been released from the carboxylic 

group. 

The electron attracting property of the carboxylic group and the 

fact that the tautomeric form (LXXII) existed to a much le ss extent than 

(LXXIII), led to the conclusion that the reaction of 2,2-dibromo-1,3-ind­

andione (XLVIII) with pyridinemonocarboxylic acids would proceed with 

difficulty. This assumption, based on theoretical considerations, was 

confirmed by experimental evidence. In order for the reaction to take 

place, drastic conditions of time and temperature had to be applied. Fur­

thermore reaction occurred only in the presence of a large excess of the 

pyridinecarboxylic acid, because such a s.mall proportion of this substance 

existed in the reacting tautomeric form (LXXII). On cooling the reaction 

mixture, the golden coloured product precipitated together with the unreacted 

excess of pyri.dinecarbo:xylic acid. It is pointed out that isoamyl alcohol 

was used as the solvent for the reaction when 3-, and 4-pyridinecarboxylic 

acids were the reactants. The unreacted excess of acid was removed by 

extraction with boiling water or more effectively by treatment with strong 
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• 
mineral acids. In the strongly acidic medium the reaction product 

remained insoluble, but the amphoteric pyridinecarboxylic acid passed 

into solution and was removed. Further extraction w.i th chlorofonn removed 

any remaining unreacted 2,2-dibromo-1,3-indandione (XLVIII). 

2-Pyridinecarboxylic acid (LXXIV) reacted w.ith 2,2-dibromo-1,3-

indandione (XLVIII) in boiling n-butyl alcohol. In this case, a poor 

yield of product was obtained and the reaction was accampanied by fairly 

extensive polymerization. The low yield of 2-carboxy-1-(3-hydroxy-1-oxo-2-

indenyl)pyridinium hydroxide, betaine (LXXV), was explained to sorne extent 

by steric hindrance caused by the carboxylic group in 2 position, but mainly 

by the very weak basic character of 2-pyridinecarboxylic acid (LXXIV). The 

extremely weak basic properties of this particular acid decreased, to a 

Br ~a 
Br 

+ 
COOH 

XLVIII LXXIV LXXV 

great extent its nucleophilic nature and made the elimination of the brornine 

atoms from 2,2-dibromo-1,3-indandione (XLVIII) difficult. 

The reaction products of 2-, 3- and 4-pyridinecarboxylic acids 

with 2,2-dibromo-1,3-indandione (XLVIII) were bright yellow crystalline 

compounds, high mel ting and bromine-free. The mechanism by 'Which the se 

reactions proceeded was considered to be similar to that postulated for 

the reactions of pyridine and methylpyridine s wi th 2, 2-dibromo-1,3-inda.nd­

ione (XLVIII) since the products obtained in all cases were similar. 

Nevertheless there appeared to be sorne uncertainty about the 

betaines obtained from the reaction of 2,2-dibromo-1,3-indandione (XLVIII) 
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with pyridinecarboxylic acids, particularly concerning the negative centre 

of these zwitterions. As previously mentioned it was possible to assign 

one, or both tautomeric structures (LXXI) in an equilibrium, to the se 

particular betaines. The similarity in the patterns of the electronic 

spectra of these compounds, and the inner salts obtained from the reaction 

of 2,2-dibromo-1,3-indandione (XLVIII) with pyridine, or the ~œthylpyrid­

ines, revealed that the betaines (LXXI) existed in the form in which the 

oxygen atom of one of the keto groups is mainly the negative centre of the 

dipole (ii) and not in the form in which the carboxylic group is the anionic 

function (i). 

i 

HNQf 
~ no tautaneric 

co~ 
LXXI 

equilibrium 

N~ 
0~ 

COOH 

ii 

This is coofinned by the deep colour of the betai.nes (LXXI) which 

is àue to the existence of resonance. The intensity of the colour can 
(t); 

hardly be explained by the tautomeric form (i) be cause the group )CH-N, 

acts as barrier preventing the free shift of electrons throughout the 

whole molecule. Thus, since the limited resonance in (i) is not in agreement 

with the deep colour of the betaines (LXXI), the tautameric form (ii) must 

be accepted as correct. It is emphasized, however, that the structural 

formula (ii) is only one of the numerous resonating structures which can be 

assigned to the resonance hybrid of (LXXI). 

Degradation of the pyridinium betaines of the 1,3-indandione series 

The inner salts obtained from the reaction of either methylpyridines 

or pyridinanonocarboxylic acids wi th 2,2-dibromo-1,3-indandione (XLVIII) were 
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COOH 

! 

COOH COOH 

sen si ti ve to liftl t, and darkened wh en exposed to sunlight. The re fore all 

of these compounds were kept in the dark and samples for analysis could 

be obtained only after many recrystallizations. This difficulty in 

obtaining reliable analysis of the pyridinium enol betaine s had been reported 

in several cases (911 97). 

This series of compounds was very stable toward alkaJ..ies, and 

al.kaline hydrogen · :p3roxide. Only potassium :p3nnanganate at elevated temp­

eratures caused degradation, and the main product of this degradation was 

phthalic acid which appeared to come from the indane part of the molecule. 

Attempted reaction of pyridine bases with 2-bromo-5,5-dimethyl-l, 

3-cyclohexanedione ar.d 2,2-dibromo-5,5-dimethyl-1,3-cyclohexanedione 

An effort was made to determine whether the reaction between 

pyridine bases and 2-bromo-1,3-indandione (XLVII) and 2,2-dibromo-1,3-indand­

ione (XLVIII) was typical of a general reaction between pyridine basee and 

al1 ~ -bromo- and ~, ~ ,-dibromo- ex,'( -diketo compounds. 
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In this connection the reaction of 2-bramo-5,5-dimethyl-1,3-

cyclohexanedione (LXXVI) (167) with pyridine was attempted. In all attempts 

bath reactants were recovered quantitatively. This is explained by the 

strong electropositive character of the bramine which liberated iodine from 

an aqueous solution of potassium iodide with ease. In these compounds in 

which it was strongly positive, the halogen apparently could not split off 

as a negatively charged entity which subsequently would be the anion of 

the pyridinium salt formed (155). 

LXXVI 

H 
Br 

LXXVII 

Br 
Br 

However, it should be pointed out that in the case of 2-bromo-1,3-

indandione (XLVII) such a reaction did take place. In this instance, the 

electropositive character of the bromine atom of 2-bramo-1,3-indandione 

(XLVII) was not very strong and consequently the possibility existed that 

it could be released as an anion by a different process. 2,2-Dibromo-5,5-

dirnethyl-1,3-cyclohexanedione (LXXVII) (168) was allowed to react with 

pyridine, methylpyridines and pyridinecarboxylic acids. It was evident 

that reactions occurred because the solutions became darker and darker in 

colour. When the solvant had been evaporated the substances obtained 

exhibited the typical characteristics of pyridinium enol betaines. They 

were insoluble in water and ether, but soluble in alcohols. In all cases, 

they tended to separate as oils, and all attempts to crystallize and purify 

these oils were unsuccessful. 



B. Reaction of o<-bromo-ketosteroids with pYridine bases 

Reaction of 2o< -bromo-3-cholestanone with pyridine 

79. 

As mentioned in the historical section of this presentation two 

entirely different structural fonnulae (XXXIX) and (XLI) were proposed by 

Ruzicka (125) and Inhoffen (132) respectively, for the product of the 

reaction between 2o< -bromo-3-cholestanone (XXXIV) and pyridine. Conseq­

uently the present work was undertaken in an effort to establish Which 

XXXIX XLI 

formula was correct, and in agreement wi th the chem.ical character of the 

addition compound obtained from this particular reaction. 

From a consideration of the proposed structural formulae (XXXIX) 

and (XLI), it appears that if hydrogen brom.ide is eliminated from this 

molecule, the product obtained will depend on Which one of these structures 

representa the true character of the molecule. If the formula proposed by 

Ruzicka (XXXIX), is correct, then the elimination of one molecule of hydrogen 

bromide should result in the formation of a pyridinium inner salt of the 

enol betaine type. On the other hand, elimination of hydrogen brom.ide 

from a molecule with the structural fonnula proposed by Inhoffen (XLI), 

should produce a 4-substituted pyridine. 

With this in mind, it was decided to attempt to isolate and 

identify the substance remaining after the elimination of a hydrogen bramide 

molecule from the reaction product of pyridine with 2~ -bromo-3-cholestanone. 
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In order to achieve this, the reaction product was dissolved in chlorofonn, 

and treated with solid anhydrous potassium carbonate in a nitrogen atmos-

phere. The chlorofonn solution be came orange-yellow in colour and la ter 

wine-red. The inorganic salts were separated by filtration, and the 

chlorofonn removed by blowing nitrogen into the filtrate. The deep red oil 

which remained could not be crystallized by any method and exhibited a 

pronounced· tendency to form thin films. In addition, it was sensitive to 

he at and photodecomposed gradually. Qualitative elementary analysis of 

the oil indicated the presence of nitrogen but not of bromine. Upon treat-

ment with hydrogen brumide the product afforded the starting material which 

was the addition product of the reaction of pyridine with 20( -bromo-3-

cholestanone (XXXIV). The corresponding colourless perchlorate salt was 

formed readily wh en the oil was treated wi th an aqueous solution of per-

chloric acid. 

These experimental facts supported the assumption that the reaction 

product of pyridine and 2o( -bromo-3-cholestanone (XXXIV) was a typical 

pyridinium salt (XXXIX) which formed the 1-{3-hydroxy-2-cholesten-2-yl) 

pyridinium hydroxide, betaine (LXXVIII) upon elimination of a molecule of 

hydrogen bromide. The be taine (LXXVIII) in this case was un stable and did 

not crystallize. 

In other attempts to obtain the betaine (LXXVIII), 1-(3-oxo-2-

cholestanyl)pyridinium. bromide (XXXIX) was suspended in water or ethanol and 

base 

-HBr 

XXXIX LXXVIII 
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an aqueous solution of base added to the suspension in excess. Various 

bases were used, such as potassium carbonate, potassium hydroxide, sodium 

carbonate, sodium hydroxide, guanidine carbonate, ammonia, to bring about 

the displacement of a hydrogen bramide molecule from 1-(3-oxo-2-cholestanyl) 

pyridinium bromide (XXXIX). In all cases, tests for the presence of 

bromine anion indicated that the elimination of hydrogen bromide occurred 

readily. The product (LXXVIII) formed, separated as oil and possessed a 

very pronounced tendency to fonn films. The latter could be understood 

since the molecule of steroids of the allo series, being almost planar 

and elongated (169,170) favours the formation of thin films. 

The organic liquid bases, piperidine and morpholine also were 

used to bring about the elimination of hydrogen bromide from 1-(3-o.x:o-2-

cholestanyl)pyridinium bromide (XXXIX). In this case, the pyridinium salt 

(XXXIX) was dissolved in the organic base, and the colour changed immediate­

ly. Even at 0° the elimination of hydrogen bromide from 1-(3-oxo-2-cholest­

anyl)pyridinium bromide (XXXIX) proceeded rapidly, and was followed by the 

precipitation of piperidine or morpholine hydrobromide. The latter precip­

itated almost quantitatively, because of their insolubility in the organic 

bases. By collecting, d~ing and weighing these salts, it was shawn that 

the elimination of hydrogen bromide from 1-(3-oxo-2-cholestanyl)pyridinium 

branide (XXXlX) was complete, because the calculated amount of hydrogen 

bromide which could be eliminated from the pyridinium salt (XXXIX), was 

recovered quantitatively in the form of piperidine or morpholine hydrobramide. 

After evaporation of the piperidine or morpholine from the filtrate, a 

dark red oil remained, which did not crystallize on standing or by tritur­

ating with drops of methanol. 

Finally, the 1-(3-hydroxy-2-cholesten-2-yl)pyridinium hydroxide, 
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betaine (LXXVIII) was obtained in crystalline form on dehydrobromination 

of 1-(3-oxo-2-cholestanyl)pyridinium bromide (XXXIX) in a three component 

system consisting of ethanol, water and dimethylamine. 1-(3-Qxo-2-chol­

estanyl)pyridinium bromide (XXXIX) was suspended in a very snall amount of 

ethanol, and the mixture heated to boiling. An aqueous solution of dimethyl­

amine was added dropwise into the reaction mixture, until the solution 

became turbid. From this solution, fine yellow needles of the 1-(3-hydroxy-

2-cholesten-2-yl)pyridinium hydroxide, betaine (LXXVIII)deposited on cooling. 

It was obvious that dehydrobromination was brought about, in this case, by 

the dimethylamine, which had a basic character and appeared to alter the 

solvent properties of the water and alcohol so that crystallization occurred 

in the three component system. Subsequent purification of the 1-(3-hydroxy-

2-cholesten-2-yl)pyridinium hydroxide, betaine (LXXVIII) was achieved by 

recrystallization from the same three canponent system. Although the 

betaine was yellow when it precipitated, it became red when thoroughly 

dried. It was very sensitive to light and decomposed slowly in air. How­

ever by placing the pyridinium betaine (LXXVIII) in a vacuum desiccator 

over phosphorus pentoxide in the dark, it was possible to keep the material 

practically unchanged for several weeks. Difficulty was encountered in 

the preparation of an analytical sample due to the sensitivity of the 

compound. The sample could be dried in an Abderhal.den pistol at the temp-

erature of boiling ether, although it decomposed completely if dried at 

the temperature of boiling ethanol. 

Determination of the electronic absorption spectrum of the 1-(3-

hydroxy-2-cholesten-2-yl)pyridinium hydroxide, betaine (LXXVIII) provided 

further proof that this compound was a typical. pyridinium betaine. Conseq­

uently the addition product of the reaction of pyridine with 20( -bromo-3-
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cholestanone (XXXIV) was a typical pyridinium salt, 1-(3-oxo-2-cholestanyl) 

pyridinium bromide (XXXIX). 

Reaction of 2 ~ -bromo-3-cholestanone with 4-methylpyridine 

On the basis of the assumptions made by Inhoffen (132), the 

addition product of the reaction between pyridine bases and 2o( -bromo-3-

cholestanone (XXXIV) should be a 4-substituted pyridine hydrobromide. If 

this is correct, then it can be argued that 4-methylpyridine should not 

re act wi th 2rX -bromo-3-chole stanone (XXXIV), be cause the presence of a 

substituent in 4 position of the pyridine molecule should prevent the 

reaction. 

Hawever, it was found that the reaction of 4-methylpyridine with 

2 rf.. -bromo-3-chole stan one (XXXIV) proceeded snoothly and gave the salt 

l-{3-oxo-2-cholestanyl)4-methylpyridinium bromide (LXXIX). The latter 

was added to a suspension of anhydrous potassium carbonate in chloroform 

with stirring. A rapid change in the colour of the reaction mixture, from 

Br' 

XXXIV 

1 
LXXIX 

-HBr 

LXXX 
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colourless to dark red occurred. This change in colour was attributed 

to a dehydrobromination of l-(3-oxo-2-cholestanyl)4-methylpyridinium 

bromide followed by the formation of the 1-(3-hydroxy-2-cholesten-2-yl) 

4-methylpyridinium hydroxide, betaine (LXXX) which was coloured. 

It is pointed out that the structural formula (LXXX) given for 

the l-(3-hydroxy-2-cholesten-2-yl)4-methylpyridinium hydroxide, betaine, 

representa only one of the many resonating structures which contribute to 

the resonance hybrid of the molecule. The colour of this be taine is an 

indication of the electronic excitement within the molecule. All of the 

resonating structures which can be postulated are typical zwitterions 

because resonating structures without a separation of electrical charges 

within the molecule (LXXX) are impossible. Similar resonating structures 

can contribute to the resonance hybrid of a molecule of any inner salt 

of this particular series. Inner salts of this type can be considered as 

LXXX 



products of the dehydrobromination of pyridiniurn salts obtained from the 

reaction of various pyridine bases with certain 0<'-halo ketosteroids. 

The solubility of the l-(3-hydroxy-2-cholesten-2-yl)4-methylpyr­

idinium hydro.xide, betaine (LXXX) in chlorofonn facilitated its separation 

from both the unreacted potassium carbonate, and the potassium bromide 

which was formed during the dehydrobromination process. The latter salts 

were practically insoluble in cold chloroform and were removed easily by 

filtration. The filtrate containing the inner salt (LXXX) was evaporated 

to dryness by blowing dry nitrogen into solution. It was necessary to 

avoid contact between the l-(3-hydroxy-2-cholesten-2-yl)4~ethylpyridinium 

hydroxide, betaine (LXXX) and the oxygen of the air, since the latter 

could readily cause an o.xidative degradation or polymerization. The 

substance remaining after all the chloroform had been removed was an 

amorphous dark red solid. All attempts to crystallize this substance 

(LXXX) yielded only oils or films. 

The l-(3-hydroxy-2-cholesten-2-yl)4-methylpyridinium hydroxide, 

betaine (LXXX) is very reactive and sensitive to light and acids. In 

sunlight it gradually decomposes, and on treatment with acids, colourless 

solids are obtained which are obviously the corresponding pyridinium salts. 

Elementary analysis and the electronic absorption spectrum of l-(3-hydroxy-

2-cholesten-2-yl)4-methylpyridinium hydroxide, betaine (LXXX) are in 

complete agreement with the assignment of an inner salt structure to this 

compound. 

In contrast with many other compounds of a similar enol betaine 

type, l-(3-hydroxy-2-cholesten-2-yl)4-methylpyridinium hydroxide, betaine 

(LXXX) fails to react wi th chloranil in chlorofo:rm. This failure can be 

explained by the lack of a mobile hydrogen atom attached to the carbon atom 
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in 2 position of the steroidal skeleton. This carbon atom is the one 

directly attached to the annular nitrogen of the 4-methylpyridine molecule. 

The lack of reactivity shown by l-(3-hydroxy-2-cholesten-2-yl)4-rnethylpyr­

idinium hydroxide, betaine (LXXX) and all inner salts of the steroidal 
Il 

pyridinium betaines series confirma the mechanism proposed by Krohnke and 

Smeiss (84) for this type of reaction. 

Reaction of 2~ -bromo-3-cholestanone and J-rnethylpyridine 

The product l-(3-oxo-2-cholestanyl)3~ethylpyridinium bromide 

(LXXXI) was obtained from the reaction of 2 (j. -bromo-3-cholestanone (XXXIV) 

with 3-methylpyridine. The 2 cJ. -bromo-3-cholestanone (XXXIV) was dissolved 

in a large excess of 3-methylpyridine which apparently served both as a 

reactant and sol vent. The solution, on refluxing, . deposited the 1-(3-oxo-

2-chole stanyl)3-methylpyridinium bromide (LXXXI). It was ob served that 

traces of water did not prevent the reaction between 2~ -bromo-3-cholest­

anone (XXXIV) and 3-methylpyridine or ether pyridine bases, but decreased 

the yield of the pyridinium salt formed. For this reason, both reactants 

were dried thoroughly, and the reaction was carried out in a nitrogen 

atmosphere. 

When l-(3-oxo-2-cholestany1)3-methylpyridinium bromide (LXXXI) 

was treated with anhydrous potassium carbonate in chlorofor.m, an immediate 

dehydrobromination of (LXXXI) and formation of the corresponding inner 

salt l-(3-hydroxy-2-cholesten-2-yl)3-methylpyridinium hydroxide, betaine 

(LXXXII) occurred. A rapid change in the colour of the chlorofor.m solution 

accompanied these processes. The separation of 1-(3-hydroxy-2-cholesten-2-

yl)3-methylpyridinium hydroxide, betaine (LXXXII) was accomplished in a 

wqy similar to that previously discussed in the case of 1-(3-hydroxy-2-

chole sten-2-yl)4-methylpyridinium hydroxide, betaine (LXXX). The inner 
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salt (LXXXII) was obtained as a dar..<: red powder which could not be cry-

stallized, but was purified by dissolving in chlorofor.m, filtering, and 

evaporating to dryness in a nitrogen atmosphere several times. 

Reaction of 2 (/. -bromo-3-cholestanone with 2-methylpyridine 

The reaction of 20( -bromo-3-cholestanone (XXXIV) with 2-methyl­

pyridine did not afford the corresponding salt l-(3-oxo-2-cholestanyl)2-

methylpyridinium bromide (LXXXIII). Instead 2-methylpyridine hydrobromide 

was isolated from the reaction mixture. The fonnation of the latter comp-

ound indicated that dehydrobromination of 2 o( -brano-3-chole stanone (XXXIV) 

had taken place. 

~Br- " 

~du3 

XXXIV LXXXIII not isolated 

LXXXIV 

It appeared that the eliminati on of one molecule of hydrogen 

bromide f ran 2~ -bromo-3-cholestanone (XXXIV) could be explained by two 

mechanisms. Either the dehydrobromination proceeded directly, or through 
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the formation of the intermediate salt, l-(3-oxo-2-cholestanyl)2-methyl­

pyridinium bromide (LXXXIII). By analogy w.i th the previously discussed 

cases, in which 2 0( -bromo-3-cholestanone (XXXIV) was allowed to react 

with pyridine, 3-, and 4-methylpyridines, the formation of the salt (LXXXIII) 

in this case seemed improbable since it should interfere with the elimin­

ation of hydrogen bromide. 

This assumption was confinned experimentally. Sample s l'lere 

taken from the reaction mixture at different times and treated with 

alkali. No change in colour was observed. If l-(3-oxo-2-cholestanyl)2-

methylpyridinium bromide (LXXXIII) was present in the reaction mixture, it 

should undergo a dehydrobromination and form the corresponding inner salt. 

This process would be accompanied by a change in colour. 

It was presumed that dehydrobromination of 2o( -bromo-3-choles­

tanone (XXXIV) yielded a mixture of compounds (LXXXIV) similar to those 

isolated by Jacobsen (128) from the reaction of 2 0( -bromo-3-cholestanone 

(XXXIV) wi th 2,4,6-trimethylpyridine. The separation and identification 

of the components of the mixture (LXXXIV) was felt to be beyond the scope 

of the present work. 

The formation of 2-methylpyridine hydrobromide during the reaction 

reveals that 2-methylpyridine reacts in a different wey from 3-, and 4-meth­

ylpyridines with 2 ri -bromo-3-cholestanone (XXXIV). 2,6 Dimethylpyridine 

reacts with 2(}. -bromo-3-cholestanone (XXXIV) to form the corresponding 

addition compound (132) while 2,4-dimethylpyridine reacts in a manner 

similar to 2-methylpyridine, yielding a mixture of dehydrobromination 

products (LXXXIV) of 2()( -bromo-3-cholestanone (XXXIV). No analogous cases 

could be found in the literature on which to base an explanation for these 

experimental resulta. Therefore the following interpretation is offered. 



An electron repelling methyl group (- Is effect) attached to 

the pyridine nucleus increases the electron density around the annular 

nitrogen and strengthens the nucleophilic nature of the molecule. The 

latter is reflected by the relative basicity of the substance and con­

sequently may be determined experimentally. Measurements of the KA 

89. 

values for 2-, 3- and 4-methylpyridine (1711172) show clearly that the 

increase in nucleophilic character brought about by the presence of a methyl 

group attached to the pyridine ring, is lesa in the case of 2-methylpyridine 

than in 3- or 4-methylpyridine. This fact may be explained in the follow­

ing way. The electron repelling me thyl group, in 2 position of the pyridine 

nucleus, is in the immediate vicinity of the annular nitrogen atom which 

already has a high electron density. Consequently the electron repulsion 

is decreased, with the result that the nucleophilic character of 2-methyl­

pyridine is lower than that of 3-, or 4-methylpyridine. The proximity of 

the methyl group to the annular nitrogen atom in 2-methylpyridine is 

considered to be responsible for the fact that elimination of hydrogen 

bromide occurs during the reaction with 2o( -b:romo-3-cholestanone (XXXIV) 

instead of formation of an addition compound. 

It is assumed that the methyl group in 2 positi on probably 

increases the steric hindrance in the activation complex of the reaction 

v.'hich leads to the fonn.ation of the addition salt and consequently this 

reaction is inhibited. In contrast, this methyl group decreases the steric 

hindrance in the activation complex of the reaction in which hydrogen halide 

is eliminated. In other words, 'When 2-methylpyridine r eacts with 20( -bromo-

3-chole stanone (XXXIV) there is steri c retardation df t he formation of an 

addition product and steric acceleration of the elimination of hydrogen 

bromide. These assumptions are in agreement >dth those reported (173,174) 
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in certain elimination reactions in the aliphatic series. 

The stronger basic character of 3-, and 4-methylpyridines in 

canparison with 2-methylpyridine, indicates that the former are more 

nucleophilic in nature than the latter. In addition, since the methyl 

groups are situated further away from the annular nitrogen in these 

molecules, no steric effect is present. The absence of a steric factor 

allows the reaction with 2,%.-bromo-3-cholestanone (XXXIV) to proceed in 

such a wey that an addition salt is formed. 

In the case of 2,6-dimeteylpyridine, both the steric factor and 

the nucleophilic character of the molecule affect its reaction wi th ~bromo-

3-cholestanone (XXXIV). As a result, an addition salt is formed. Measure­

ments of KA (171,172) show that the -Is effects of the two methyl groups 

are additive. Because these two methyl groups are situated close to the 

annular nitrogen, the steric effect is also greatly increased. It seems 

probable that this effect is increased sufficiently to cause a steric 

retardation of the elimination of hydrogen bromide and a decrease of the 

steric hindrance in the activated complex of the reaction in which the 

addition product is formed, when 2,6-dimethylpyr.idine is allowed to react 

wi th 2tt-bromo-3-chole stan one. This assumption i s in accord wi th the fact 

that although 2,6-dimethylpyridine is more basic than other pyridine bases 

it does not react with the Lewis acid trimethylboron (175). 

The same arguments which were used to explain the reaction be­

tween 2~thylpyridine and ~-bramo-3-cholestanone (XXXIV) can be applied 

in the case of 2,4-dimethylpyridine and the latter compound (XXXIV). It is 

obvious that although the nucleophilic character of 2,4-di.methylpyridine is 

considerably stronger than that of 2-methylpyridine , the steric effect in 

both these molecules is similar. Consequently there is steric retardation 
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of the reaction leading to the formation of the addition product and steric 

acceleration of the elimination reaction. 

Reaction of ?ri -bromochole stane-3 e . 50( -diol-6-one J-acetate 

with pyridine 

Fieser and Rajagopalan (176) reported the synthesis of ?0( -bromo­

cholestane-3~ ,5ci -diol-6-one 3-acetate (LXXXV), and assigned the ~ orient­

ation to this particular bromine atom. The p? orientation was chosen mainly 

because of the difficulty encountered in dehydrobrominating this compound 

(LXXXV) wi th basic reagents. 

More recent work by Corey (177) has shown unequivocally that the 

bromine atom in 7 position of any 7-bromo-6-keto-steroid of the allo series 

is always o{-oriented. The conformation of this <X oriented bromine atom 

is axial. On the other hand, the confonnation of t.1'1e bromine atom of 2o( 

bromo-3-cholestanone (XXXIV) is known to be equatorial. 

CH3COO 
OH Il 

0 

LXXXV 

The difference in the conformation of the bromine atoms in 

?o< -bromocholestane-3~ ,5CX -diol-6-one 3-acetate (LXXXV) and 2cx' -bromo-3-

cholestanone (XXXIV), provided the stimulus for an effort to determine 

whether the conformation of the bromine atom had any effect on the wqy in 

which the reaction of these two components with pyridine proceeded. 
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7 ri -Bromochole stane-3~ ~ 5/X' -d.iol-6-one 3-acetate (LXXXV) res­

isted dehydrobromination. It was only after a very lengthy refl.uxing of 

(LXXXV) in pyridine, that a snall amount of the bromine-free compound X 

was isolated. This compound had been obtained from the reaction mixture 

of ?ri -bromocholestane-3~ ,50( -diol-6-one 3-acetate (LXXXV) and triethyl­

amine by Fie ser and Rajagopalan previously (176). 

During the lengtny reaction of pyridine with 70( -bromocholestane-

3p ,50( -diol-6-one 3-acetate (LXXXV), small samples were taken out of the 

reaction mixture at different intervals, and treated with alkali. The 

absence of any change in colour indicated that no addition salt (LXXXVI) 

was being formed. 

0 N + 0 ~ + 

'Br N H CCOO 
HBr 3 

~----t--uH 

C02H 

Fieser's compound! 

LXXXVI not detected 
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The assumption that (LXXXVI) was formed, but during treatment 

with alkali suffered an alkaline fission of the bond between the quater-

nary nitrogen atom and the carbon atom at the 7 position of the steroidal 

skeleton, was incorrect for the following reasons. 

1. There was no change in colour even when the sample of the reaction mix­

ture of ?()( -bromochole stane-3 p , 5Cf -diol-6-one 3-acetate (LXXXV) and 

pyridine was treated at low temperatures with mild reagents such as potass-

ium carbonate, an aqueous solution of dimethylamine, or anmonia. The se 

mild reagents could not cause a rapid alkaline fission of the salt (LXXXVI). 

2. When the sample was treated with water, the excess pyridine and pyridine 

hydrobromide passed into solution. The steroidal compound, being insoluble 

in water, was collected and dried. It was found to contain no nitrogen. 

C. Reaction of pyridinecarbo4~ic acids with 2-bromo-acetophenone 

Since no information could be found in the literature concerning 

the reaction of 2-bromo-acetophenone (LXXXVII) or its derivatives with 

pyridinecarboxylic acids it was felt that investigation of this reaction 

~~~Br 

DCXXVII 

might prove interesting. Because the presence of a free carbo.xylic group 

in the molecule decreased the nucleophilic character of the pyridine nucleus, 

it was uncertain whether pyridinecarboxylic acids would react w.i.. th 2-bromo-

acetophenone (LXXXVII). 

If the reaction beb1een a pyridinecarbo.xylic acid and 2-bromo-
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acetophenone (LXXXVII) proceeded in the ordinaryway and a typical pyri­

diniwn salt was fonned, then two possibilities existed for the formation of 

an inner salt from the pyridinium salt by elimination of a molecule of 

hydrogen bromide. This was so, because the proton involved in the elimin­

ation of hydrogen bromide could origi.nate from either the carboxylic group 

or the enolized carbonyl group of the pyridinium salt. Thus, it was decided 

that an attempt should be made to determine which group released the proton. 

In doing this it was hoped that sorne information about the relative tend­

encies of the carbo.xylic and carbonyl groups to pa.rticipate in the fonnation 

of pyridinium betaines would be obtained. 

Reaction of 2-bromo-acetophenone with 4-pvridinecarboxylic acid 

The reaction of 2-bromo-acetophenone (LXXXVII) with 4-pyridine­

carboxylic acid was carried out in boiling ethanol over a long period of 

time. The product obtained, 4-carbobenzoylmethoxy-1-(phenacyl)pyridinium 

bromide (LXXXVIII), gave a strong positive test for bramine in contrast to 

the starting material, 2-brano-acetophenone (LXXXVII), which did not. The 

reaction product (LXXXVIII) decomposed slowly in ai.r with a change in colour 

from white to yellCN. During this decomposition the characteristic odour 

of benzaldehyde was detected. On treatment with alkalies, hydrogen bramide 

was eliminated from 4-carbobenzoylmethoxy-1-(phenacyl)pyridinium bromide 

(LXXXVIII) and a dark red intermediate product was formed. 

The 4-carbobenzoylmethoxy-1-(phenacyl)pyridinium hydrorlde, betaine 

(LXXXIX) was very uns table, and decanposed rapidly in the presence of strong 

alkalies. For this reason, aqueous ammonia a.t 0° wa.s used as the rea.gent 

for the enolization, elimination of hydrogen bromide, and betainization of 

the salt (LXXXVIII). The pyridinium betaine (LXXXIX) was also very sensitive 

to light and he at. It was recrystallized from hot absolu te ethanol as 
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quickly as possible because complete decomposition occurred upon prolonged 

heating. 

Analysis of 4-carbobenzoylmethoxy-1-(phenacyl)pyridinium bromide 

(lXXXVIII) and the corresponding inner salt (LXXXIX) showed that 4-pyridine-

carboxylic acid reacted with 2-bromo-acetophenone (LXXXVII) in a manner 

similar to that in which pyridinecarboxylic acids reacted with alkyl 

halides (178). In all these cases, esterification of the free carboxylic 

group proceeded simultaneously with quaternization of the annular nitrogen 

of the pyridine nucleus. Apparently, elimination of one molecule of hydro-

gen bromide was necessary before esterification of the carboxylic group of 

4-pyridinecarbo:xylic acid could take place. 
CH2Br 

COOH C=O 

0 
Il 

+ 2 

Lm VII 

O
c-o-.....cH2 

'c=o 
"-biO 

If 
C-09 

LXXXIX 

-HBr 

+ HBr 

LXXXVIII 

An examination of the structural formulae of 4-carbobenzoylmeth-

oxy-1-(phenacyl)pyridinium bromide (LXXXVIII) and the corresponding betaine 

(LXXXIX) reveals that their sensitivity to alkalies and susceptibility to 
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alkaline cleavage arises from the presence of two highly reactive methylene 

or methine groups. The latter are located between the carbonyl group and 

the carboxylic function and between the carbonyl group and the quaternary 

nitrogen atom. 

The products of the alkaline cleavage of the pyridinium betaine 

(LXXXIX), after acidification, were identified as benzoic acid and 4-pyri.­

dinecarboxylic acid. Beth the phenacyl groups, originally present in the 

molecule of 4-carbobenzoylmethoxy-1-(phenaqyl)pyridinium bromide (LXXXVIII), 

yielded benzoic acid and carbon dioxide. One of these phenacyl groups was 

attached to the quaternary nitrogen atam of (LXXXVIII), While the ether was 

connected to the carboxylic group in 4 position of the pyridine nucleus, 

through an ester grouping. In the latter instance, it is considered that 

the phenacyl group provides 2-hydroxy-acetophenone (XC), the alcoholic 

function of the ester. 

The latter compound (XC) is produced by a saponification of the 

ester group at the same time as theàlkaline fission of 4-carbobenzoylmeth­

ox:y-1-(phenacyl)pyridinium bromide (LXXXVIII) occurs. 2-Hyd.ro.)ÇY"-acetophen­

one (XC.) i-s very sensitive toward alkali especially at elevated temperatures, 

and undergoes a spontaneous autoxidation to benzaldehyde and then to benzoic 

acid. This sequence of reactions explains the presence of benzaldehyde 

which was detected during the alkaline cleavage of 4-carbobenzoylmethoxy-

1-(phenacyl)pyridinium bromide (LXXXVIII). 

The presence of 4-pyridinecarboxylic acid as a product of the 

alkaline fission of 4-carbobenzoylmethoxy-1-(phenacyl)pyridinium bromide 

(LXXXVIII) was detected by paper chromatography according to the procedure 

of Huebner (179). 

The formation of 4-pyridinecarboxylic acid during the alkaline 
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c1eavage of 4-carbobenzoylmethoxy-1-(phenacy1)pyridinium bromide (LXXXVIII) 

is unusual, because in most alkaline fission reactions involving 1-(phenacyl) 

pyridinium halides and their substituted derivatives, a product is formed 

in which a methyl group is still attached to the annular nitrogen atom (148). 

This unusual alkaline fission is attributed to the presence of the strong 

electron-attracting carbobenzoylmethoxy group, which obvious1y decreases 

the electron density around the annular nitrogen atorn, and weaker.s the 

bond between the quaternary nitrogen and the carbon atorn of the methylene 

group. The latter group is provided by the phenacyl group attached direct1y 

to the annular nitrogen atom. The alkaline cleavage of 4-carbobenzoylmeth­

oxy-1-(Fhenacyl)pyridinium bromide (LXXXVIII) is shain in Fig. 3. 

Reaction of 3-pyridinecarboxylic acid with 2-bromo-acetophenone 

The reaction of 3-pyridinecarboxylic acid with 2-brorno-acetoph­

enone (LXXXVII) proceeded sirnilarly to the reaction of 4-pyridinecarboxylic 

a cid wi th (LXXXVII) and yielded the corre sponding salt, 3- carbo benzoylmeth­

oxy-1-(phena~l)pyridinium bromide (XCI). 

This pyridinium salt (XCI) was more sensitive to alkalies than the 

salt (LXXXVIII) obtained from the reaction of 4-pyridinecarbo.xylic acid 

anè 2-bromo-acetophenone (LXXXVII), and underwent alkaline cleavage rapidly 

even at low temperatures. The unstable yel1ow intermediate 3-carbobenzoyl­

methoxy-1-(phena~1)pyridinilli~ hydroxide, betaine which was produced bad a 

tendency to form hydrates. The oetaine decomposed very easi1y giving the 

c1eavage products 3-pyridinecarboxylic acid and benzoic acid which were 

simi1ar to those obtained from the alkaline fission of 4-carbobenzoylmeth­

oxy-1-(phcna~l)pyridinium bromide (LXXXVIII). It is pointed out that the 

formation of hydrates is common with enol pyridinium betaines and has been 

reported on nurnerous occasions, (83,91). 



FIGURE 2 

Schematic representation of the polymerization occurring 

during the reaction of 2,2-dibromo-1,3-indandione and pyridine 
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FIG. 2. 

Schematic representation of the alkaline cleavage of 

4-carbobenzoylmethoxy-1-(phenacyl)pyridinium bromide 
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Many basic substances were used to eliminate hydrogen bromide 

from, and bring about the betainization of, 3-carbobenzoylmethoxy-1-(phen­

acyl)pyridinium bromide (XCI). The best results were obtained 'When guani­

dine carbonate was used in this capacity. 

The reactions of 3-, and 4-pyridinecarbo:xylic acids wi th 2-bromo­

acetophenone (LXXXVII), and subsequent betainizations, showed that there 

was no preferential elimination of a proton from the carbo:xylic groups of 

the pyridinium salts formed. This was due to the fact that during the 

quaternization of the annular nitrogens, esterification of the carboxylic 

groups occurred. Since the carboxylic groups were blocked in this way1 

the products of the reactions were typical pyridinium enol betaines. 

Reaction of 2,41 -dibromo-acetophenone with methyl 4-pyridine­

carbozylate 

This particular reaction was studied in an effort to establish 

whether the reaction of 0(-halo ketones .-Jith esters of pyridinecarbo:xylic 

acids proceeded by a mechanism similar to that followed by the reaction 

of ti-halo-ketones wi th pyridine bases. 

It could be predicted from theoretical considerations that the 

carbomethoxy group in 4 position of methyl 4-pyridinecarboxylate (XCIII), 

being electron attracting in nature, would decrease, to a certain extent, 

the electron density around the annular nitrogen and the nucleophilic 

character of the pyridine nucleus. 

However, this decrease in the nucleophilic character of the pyri­

dine nucleus was not sufficient to prevent the formation of the correspond­

mg pyridinium salt' 4--carbometho:xy-1-(p-bromo-phenacyl)pyridinium bromide 

(XCIV) and the quite stable 4-carbamethoxy-l-(p-bromo-phenacyl)pyridinium 

hydroxide, betaine (XCV). 
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The latter ccmpound (XCV) was obtained by treating 4-carbomethoxy-

1-(p-bromo-phenacyl)pyridinium bromide (XCIV) with ammonia. The alkaline 

cleavage of 4-carbomethoxy-1-(p-bromo-phenacyl)pyridinium bromide (XCIV) 

was accomplished in an aqueous solution of sodium hydroxide. The progress 

of this alkaline fission oould be followed easily by the decrease in 

intensity of the red colour of the solution. The refluxing of the inter­

mediate pyridinium betaine (XCV) with sodium hydroxide was continued until 

the colour remained slightly yellow, or became colourless. 

During the alkaline cleavage of 4-carbomethoxy-1-(p-bromo-phen­

acyl)pyridinium hydroxide, betaine (XCV), hydrolysis of the ester group 

also occurred. The products of the cleavage of the inner salt (XCV) were 

isolated only after acidification of the reaction mixture. Upon acidific­

ation with hydrochloric acid, p-bromo-benzoic &cid separated irnmediately 

and was removed b,y filtration. The filtrate was treated with freshly 

precipitated silver axide which apparently caused hydrogen chloride to be 

eliminated from 4-carboxy-1-methyl pyridinium chloride (XCVI),and 4-carboxy-1-

methJrl pyridinium hydroxide, betaine (XCVII) to be formed. The excess silver 

oxide, and the silver chloride produced, were insoluble in \v-ater, and were 

fil te red off, while the 4-carboxy-1-methyl pyridinium hydroxide, be taine 

(XCVII) was soluble and remained in the filtrate. It was obtained by 

evaporating off the water. 

2,4 1 -Dibromo-acetophenone (XCVIII) was used instead of 2-bromo­

acetophenone (LXXXVII) in the reaction with methyl 4-pyridinecarboxylate 

(XCIII) be cause in the former case, one of the products of the alkaline 

cleavage of the pyridinium salt (XCIV) was p-bromo-benzoic acid which, 

being practically insoluble in cold water, could be removed from the 

r eaction mixture. Then the other product (XCVII) of the alkaline fission 
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of 4-carbomethoxy-1-(p-bromo-phenacyl)pyridinium bromide (XCIV) could be 

iso1ated and identified. 
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D. Pyridinium betaines with a carbo:xylic group as the anionic 

function 

Reaction of pYridine with monochloroacetic acid 

As has been previously mentioned, no information concerning the 

yield which could be expected in the synthesis of 1-(carboxymetnyl)pyrid­

inium betaine (III), was found in the literature. For this reason, a 

reinvestigation of the reaction between pyridine and monochloroacetic acid 

was undertaken with the object of establishing the optimum conditions for 

the reaction. 

In all cases, in which the von Gerichten procedure was followed, 

a brown syrup was obtained which later crystallized, but was very impure 

and required many recrystallizations. It became apparent that side react­

ions were proceeding simultaneously with the main reaction. These side 

reactions were due presumably to the nucleophilic character of pyridine, 

and gave decarboxylation and polymerization products which seemed similar 

to those reported by Kirpal (44) and Bezzi (32). 

The effect of the relative concentrations of the reactants was 

examined. The proportion of both pyridine and monochloroacetic acid in the 

reaction mixture was varied over a wide range, but no improvement in the 

yield or purity of 1-(carboxymethyl)pyridinium chloride (IC) was achieved. 

The effect of solvent was also studied. Both reactants were soluble in 

most nonpolar solvents while the reaction product (I.C) was practically 

insoluble in these solvents. Although in a 1,4-dioxane solution, 1-(car­

boxymethyl)pyridinium chloride (IC) separated as soon as it was formed, no 

improvement in the purity of the product was achieved by using this solvent. 

The reaction of pyridine and monochloroacetic acid was also carried out at 

various temperatures, and the observation that the pll'ity and yield of 
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1-(carboxymethyl)pyridinium chloride (IC) were improved at low temperatures 

(19) was confirmed. This improvement however was not pronounced. 

Finally, excellent results were obtained when the reaction was 

carried out at 60°, in a drJ nitrogen atmosphere under reduced pressure. 

Under these conditions 1-(carboxymethyl)pyridinium chloride (IC) was 

obtained quantitatively in a very pure state. This modified procedure for 

preparing the salt (IC) made it possible, after a typical elimination of 

hydrogen chloride, to obtain the 1-(carboxymethyl)pyridinium betaine (III) 

in a high yie ld • 

:::.:: +0 ~···0 0 0 
60° 0 Ag20 > .0 

N 
6 Nitrogen, red. r-i 
0 NID Cl9 N(i) 

( 
CH2co<? CH2COOH 

re III 

Reaction of guinoline and isoquinoline with ê -chloropropionic 

a cid 

When quinoline and isoquinoline reacted wi th ~ -chloropropioni c 

acid on the steam bath, a sticky dark polymerie material was produced. 

However, the same reaction, under reduced pressure and at moderate temp-

eratures yielded 1-(2-carbo:xyethyl)quinol:inium chloride and 2- (2-carbo:xy-

ethyl)isoquinolinium chloride respectively. These compounds were identical 

with those observed When the products of the reactions of quinoline and 

isoquinoline wi th ~ -propiolactone were treated with hydrogen chloride (45). 

The reaction of quinoline and isoquinoline with ~-chloropropionic 

acid produced the corresponding salts in Yery poor yields because the 

polymerization reaction which accompanied the desired reaction could not be 

prevented. The polymerization is considered to arise as the result of 
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acr,ylic acid being formed during the dehydrochlorination of f-chloroprop­

ionic acid. The acrylic acid initiates subsequently the polymerization. 

The elimination of a molecule of hydrogen chloride from ~-chloropropionic 

acid is considered to be an ordinary displacement caused by the nucleophilic 

attack of quinoline or isoquinoline. 

All attempts to obtain the corresponding betaines from 1-(2-car­

boxyethyl)quinolinium chloride and 2-(2-carboxyethyl)isoquinolinium chloride 

were unsuccessful. When these salts were treated with freshly precipitated 

silver axide, the corresponding free bases 1-(2-carboxyethyl)quinolinium 

hydroxide and 2-(2-carboxyethyl)isoquinolinium hydroxide were formed. Upon 

treatment of the bases with hydrogen chloride, the salts 1-(2-carboxyethyl) 

quinolinium chloride and 2-(2-carboxyethyl)isoquinolinium chloride were 

regenerated. These salts were highly hygroscopie. Attempted dehydration 

of 1-(2-carboxyethyl)quinolinium hydroxide and 2-(2-carboxyethyl)isoquinolin­

ium hydroxide did not result L~ betainization but led instead to complete 

decomposition. 

Attempted reaction of pyridinecarboxylic acids with cholesteryl 

chloride 

A number of attempts were made to introduce the pyridinecarboxylic 

function into a steroid molecule. The purpose of these attempts was to 

synthesize pyridinium betaines which had a carboxylic group as the anionic 

centre of the dipole and a steroidal group as function quaternizing the 

annular nitrogen atom. All attempts in this connection were unsuccessful 

and in each case the starting material was recovered. 

As the first approach to this problem, the reaction of 3-pyridine­

carboxylic acid with cholesteryl chloride was undertaken. However, after a 

lengthy refluxing in alcohol, bath reactants were recovered. The failure 
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of this reaction appeared to be due partly to the weak nucleophilic char-

acter of 3-pyridinecarboxylic acid, but mainly to the established (141) 

low reactivity of the chlorine atom present in the molecule of cholesteryl 

chloride. 

When attempts to carry out the reaction of cholesteryl chloride 

(C) with 4-pyridinecarboxylic acid also were unsuccessful, then another 

approach to the problem was considered. If a reaction occurred between 

methyl 3-pyridinecarboxylate (methyl nicotinate) (CI) and cholesteryl 

chloride (C), then the ester group oould be hydrolyzed, a molecule of 

hydrogen chloride eliminated from the resulting salt, (CII) and the 

pyridinium betaine (CIII) obtained. This sequence of reactions is outlined 

below. However, this endeavour also failed, and the starting materials 

0~ ~N~ Cl 

CI c 

CIII 

+ 

-HCl 

COOH 
err 
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methyl 3-pyridinecarboxylate (CI) and cholesteryl chloride were recovered. 

Attempted reaction of pyridinecarbox;ylic acids with cholester.vl 

p-toluenesulphonate 

The failure of pyridinecarboxylic acids or their esters to react 

with cholesteryl chloride (C) led to another attempt, and a different 

approach to the problem. In this investigation it was found that no 

reaction occurred between cholesteryl p-toluenesulphonate (CIV) and 3- and 

4-pyridinecarboxylic acids. In all cases the starting materials were 

recovered. 

However, when methyl 3-pyridinecarboxylate (CI) was allowed to 

react with cholesteryl p-toluenesulphonate (CIV), 3-carbamethoxy-1-(5-

cholesten-3-yl)pyridiniurn p-toluenesulphonate (CV) was isolated. A large 

excess of methyl 3-pyridinecarboxylate (CI) was added to cholesteryl p-tol­

uenesulphonate (CIV), because the reaction was carried out at a temJ:erature 

at which methyl 3-pyridinecarboxylate (CI) >'las liquid, and it acted both as 

a reactant and a solvent. 

The hydrolysis of the carbomethoxy ester greup present in 3-car­

bomethoxy-1-(5-cholesten-3-yl)pyridinium p-toluenesulphonate (CV) was 

attempted, but failed. It was thought that the hydrolysi s of the carbo­

methoxy group in 3 po si ti on of the pyridine nucleus should be an acidic one, 

because 3-carbomethoxy-1-(5-cholesten-3-yl)pyridinium p-toluenesulphonate 

(CV) l i ke a typical pyri diniurn salt was sensitive to alkalies. The treat­

ment of the latter compound (CV) with alkali appeared to cause a cleavage 

of the bond between the annular nitrogen atom and the carbon atom in 3 

positi on of the steroi d skeleton. Attempted aci dic hydrolysis did not yield 

the desired product 3-carboxy-1-(5-cholesten-3-yl)pyridinium p-toluenesul­

phonate CVI), but ins tead, a dark resinous polymer. 
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The purpose of hydrolysing the ester, was to synthe size the 

corresponding betaine after the p-toluenesulphonic acid molecule had been 

eliminated from 3-carboxy-1-(5-cholesten-3-yl)pyridinium p-toluenesulphon­

ate (CVI). It had been planned to accanplish this by replacing the p-tol-

uenesulphonate anion by an iodine anion and then eliminating the hydrogen 

iodide. 

CIV 

n.@ \=-J·!S 
COOH 

+ 

1 -HI 

KI 
~ 

COOH CVI 
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It was felt that the main reason for the failure of this hydro­

lysis was the well-known resistance of ester groups, attached directly to 

the pyridine nucleus, to acidic hydrolysis. Consequently mild acidic 

conditions were unable to bring about the ester hydrolysis, while more 

drastic conditions caused decomposition of 3-carbornethoxy-1-(5-cholesten-

3-yl)pyridinium p-toluenesulphonate (CV) and polymerization. 
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Electronic Absorption Spectra 

The electronic absorption spectra of the betaines obtained by 

reacting 2,2~bromo-1,3-indandione w.ith mono-methylpyridines or pyridine­

carboxylic acide were determined and a great similarity in the patterns 

of these S).:6Ctra was revealed. Three absorption maxima occurred in each 

spectrum in the regions of 237-243 m/', 311-316 m/-<-, and 386-418 mf , and 

the molecular extinction coefficients were of the same order of magnitude. 

In the case of 1-(3-hydroxy-1-oxo-2-indenyl)~methylpyridinium hydroxide, 

betaine a fourth absorption max:i.mmn appeared in the region of 300 mp. The 

other pyridinium betaines of the 1,3-indandione series did not exhibit this 

particular peak in their absorption curves but instead showed a snooth 

curve in the same region (300 mf). 

The absorption maxima which were observed for the se be taine a are 

listed in Table II of the experimental part of this presentation. Canpa.rison 

of these data also reveal.s a great similarity between the two types of 

betaines of the 1,3-indandione series previous1y mentioned. This s:imi1arity 

serves to confirm the structure assigned to the betaines obtained from the 

reaction of 2,2-dibromo-1,3-indandione and pyridinecarboxyllc acide, and 

leaves no doubt that these dipolar ions are typical enol betaines. Thus, 

it is c1ear that the carboxyllc group does not participate in the fonnation 

of the inner salt by becoming the negative centre of the dipole, because 

if su ch were the case, the pattern of the absorption spect:rum should not be 

similar to that of a typical enol betaine. 

The e1ectronic absorption spectra of the pyri.dinium betaines of 

the 1,3-indandione series were detennined in abso1ute aloohol. When 

atternpts were made to measure the absorption spectra of these compounds in 

ch1orofonn, it was found that the wavelengths, at Which the absorption 
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maxima appeared, were reproducible but the molecular extinction coefficients 

were not • This phenomenon had be en ob served in a similar case by stafford 

( 91). As shown in Table II, a pronounced shift of the absorption maxima 

towards longer wavelengthe occurred .,'ben chloroform was used as solvent 

instead of alcohol. The maxima in the region 237-243 mf' observed in 

alcoholic solution did not appear in chlorofonn solution, apparently 

because the chloroform absorbed the light completely below 245 mr • 

The extremely law solubility of pyridinium betaines of the 1,3-

indandione series in chloroform was an additional di sadvantage, be cause it 

was impossible to prepare amore concentrated solution. This law solubility 

presumably was responsible for the fact that the third absorption maximum 

in the region 300-316 mf could not be detected except in the case of 

l-(3-hydro:xy-l-ox.o-2-indenyl)4-methylpyrid.inium hydroxide, betaine. 

The electronic absorption spectra of the betaines obtained by 

elimination of hydrogen bromide from the addition products of the reaction 

between 2 0(-bromo-3-cholestanone and pyridine bases also showed three 

absorption maxima, in the regions 245-255 m~, 304-314 mf, and 430-432 mf • 

Such absorption maxima justified the assignment of typical. enol betaine 

structures to the se compou.rrls. The spectra were determined in alcoholic 

solution and t!1e resulta are listed in Table II. Because the compound was 

not stable to radiation the mole~~lar extinction coefficients for 1-(3-

hydro:xy-2-chole sten-2-yl)4-metl'zy-lpyridinium hydroxi.de, betaine were not 

reproducible. 

The structures proposed for the 3- and 4-carbobenzoylmethoxy-1-

(phenacyl)pyridinium hydroxide, betaines were verified by determining the 

electronic spectra of these canpounds. It was found that they exhibited 

two absorption maxima at 248 mf and 482 mf-. A comparison of these spectra 
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with that of 4-carbometho::xy-1-(~brano-phenacyl)pyridinitun hydroxide, 

betaine which showed two maxima at 243 mf- and 480 m !'-, revealed the shift 

of absorption maxima in the spectra of the former compounds toward longer 

wavelengths. This was due apparently to the resonance of the carbobenzoyl­

methoJcy group. However, the shift was not very pronounced because the 

methylene group between the carboxylic and the benzoyl groups acted as a 

barrier to resonance through the whole molecule of 3- and 4-carbobenzoyl­

metho:xy-1-(phenacyl)pyridinium bydroxide, betaine s. Since the latter 

compounds decomposed rapidly, their molecular extinction coefficients were 

not reproducible. 

!nfrared Absorption Spectra 

The infrared absorption spectra of 

(i) 1,3-indandione 

(ii) 2-nitro-1,3-indandione 

(iii) l-(3-hydro::xy-l-o.xo-2-indenyl)4-methylpyridinium hydroxide, 

be taine 

(iv) l-(3-hydroxy-l-oxo-2-indenyl)3-methylpyridinitun hydroxide, 

be taine 

(v) 3-carboxy-1-(3-hydroxy-1-o.xo-2-indenyl )pyridinium hydroxide, 

be taine 

were detennined by Dr. A. Taurins with the he1p of Dr. R.N. Jones and Mr. 

R. Lauzon at the Laboratories of the National Research Council of Canada 

in Ottawa. 

The infrared spectra of 1,3-indandione and 2-nitro-1,3-indandione 

were determined in an effort to estab1ish in wbat way the nitro group 

affected the spectrum of 1,3-indandione. Since the nitro group poseesses 
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a similar electron withdrawing force (-Is effect) to that of the positively 

charged annular nitrogen a tom of the pyridinium beta.ine s of the 11 3-indand­

ione series, it was expected that the spectra of the latter compourxls would 

exhibit some similarity to that of 2-nitro-1,3-indandione. 

Although 1,3-indandione showed two characteristic absorption 

maxima at 1745 and 1705 cm-1 due to the presence of two carbonyl groups, no 

such maxima occurred in the spectra of either 2-nitro-1,3-iniandione or 

l-(3-hydro:xy-l-ox.o-2-imenyl)4-methylpyridinium hydroxide, betaine. However 

in the case of l-(3-hydro:xy-l-oxo-2-indenyl)3-methylpyridinium hydroxide, 

betaine and 3-carboxy-1-(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, 

betaine, it was observed that each of the se compounds had only one absorp­

tion maximum at 1730 c.m-1 and 1728 cm-1 respectively due to the presence 

of the carbonyl groups. 

The two absorption maxima which occurred in the spectrum of 1,3-

ind.andione at 1745 cm-1 and 1 '705 cm-1 were noted 'With interest. They were 

considered to reflect a dissimilarity between the two carbonyl groups 

present in the molecule and were due possib1y to a difference in the degree 

of enolization of.these two carbonyl groups. Other absorption maxima which 

occurred in the spectrum of 1,3-indandione could be explained as follows: 

The band at 1593 cm-1 was due to the aromatic ring present in the molecule, 

those at 920 cm-1 and 775 an-1 to the substituted aramatic ring, that at 

1260 cm-1 to the presence of an aryl ketone system. The rest of the 

absorption maxima could be attributed to the Nujo1 used in the determinations. 

In the absorption spectrwm of 2-nitro-1,3-indandione no absorption 

maximum due to the carbony1 group was observed because of the strong electron 

withdrawing force (-Is effect) of the nitro group. Bands at 1650, 1595 and 

1400 cm-1 were characteristic of the nitro group present in the molecule, 
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and maxima at 1177 and 1145 cm-1 were attributed to the aryl ketone system. 

It was observed tbat the patterns of the sr;e ctra of l-(3-hydroxy-

1-oxo-2-indeny1)4-methy1pyridinium hydroxide, betaine, l-(3-hydroJ!Y-l-oxo-

2-indenyl)3-rnethylpyridinium hydroxide, betaine and 3-carboxy-1-(3-hydroxy-

1-oxo-2-indenyl)pyridinium hydroxide, betaine were similar, w.i. th the 

difference that the l-(3-hydroxy-l-oxo-2-indeny1)4-methylpyridinium hydroxide, 

betaine showed no absorption ma.x:i.mum due to the carbony1 groups. Bands due 

to the presence of the aromatic rings in these three compounds were observed 

at 1585, 1590 and 1565 cm-1 respectively. In the spectrum of 1-{3-hydroxy-

1-oxo-2-indeny1)4-methylpyridinium hydroxide, betaine maxima characteristic 

of 4--rnethylpyridine appeared at 1520 and 1475 an-1 and in the spectrum of 

1-{3-hydroxy-1-oxo-2-indenyl)J-methylpyridinium hydroxide, betaine. Similar 

bands occurred at 1490, 1457 and 1442 cm-1 due to the 3-methylpyridine 

present in the molecule. In the sr;ectrum of 3-carboxy-1-(3-hydroxy-1-oxo-

2-indenyl)pyridinium hydroxide, betaine maxima due to the pyridine nucleus 

were present at 1490, 1465 and 1450 cm-1 • The bands at 1395 and 1385 cm-1 

were attributed to the methyl groups present in the pyridine part of the 

betaine molecule though the Nujol also could be considered to exhibit the 

same absorption. l.faxima due to the presence of an aryl ketone were located 

at 1217 and 1193 cm-1 in the spectrum of 1-(3-hydroxy-1-om-2-indeny1) 

4-methylpyridinium hydro.:xide, be taine, while 1-{3-bydroJcy-1-oxo-2-indeny1) 

.3-methy1pyridinium hydroxide, betaine exhibited maxima at 121.0 and 1190 cm-1 

due to the ary1 ketone system. The spectru.m of 3-carboxy-1-{3-hydroxy-1-oxo-

2-indenyl)pyridinium hydroxide, betaine showed two pea..l<:s at 1210 and 1190 

cm-1 due to the a:ryl ketone system and two absorption maxima. at 1410 arrl 

1240 an- 1 characteristic of the carboxylic group present in the molecule. 
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EXPERIMENTAL 

The melting points below 225° were determined in a Thiele-Dennis 

melting point tube containing concentrated sulphuric acid. Melting points 

above 225° were determined in a melting point block constructed according 

to the specifications given by Fieser (180). All melting points were 

uncorrected. 

Carbon-hydrogen, nitrogen microanalyses were carried out in the 

Schwarzkopf microanalytical laboratory • 

. Pyridinium betaines of the 1,3-indandione series 

2,2-Dibromo-1,3-indandione 

For the preparation of 2,2-dibromo-1,3-indandione, the procedure 

of \iislicenus (154) was followed. The sample of the 1,3-indandione was 

obtained from Pieree Chemical Co. 

To a solution of 14.6 g. (0.1 mole) of 1,3-indandione in 150 

ml. of glacial acetic acid, il. 5 ml. of bromine was added dropwise at room 

temperature. The dark red colour of the solution caused by the free 

bromine, gradually disappeared as the reaction proceeded. After a few 

minutes a precipitate of 2,2-dibromo-1,3-indandione appeared and hydrogen 

bromide gas was evolved. After standing 4 hours at room temperature, the 

mixture was filtered under reduced pressure (water aspirator). The solid 

precipitate remaining on the filter paper was washed with two 10-ml. 

portions of ethanol in order to remove the traces of the free bramine 

present, and recrystallized from ethanol. The filtrate was evaporated to 

dryness under reduced pressure leaving a solid residue which gave a second 

crop of 2,2-dibromo-1,3-indandione. This was recrystallized twice from 
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ethanol. The total yield of 2,2-dibromo-1,3-indandione, m.p. 17S0 , was 

25.5 g. (S3% based on the amount of 1,3-indandione used). The m.ps. 

reported in the literature for 2,2-dibromo-1,3-indandione were 176-177° 

(154), 177o (lSl), 177-179° (1S2). 

2-Bromo-l,J-indandione 

The ~11thesis of 2-bromo-1,3-indandione involved the following 

steps: 

1. Preparation of ethyl cinnamate 

2. Preparation of ethyl rx, p -dibromo-ft -phenylpropiona te 

3. Prepara ti on of phenylpropiolic acid 

4. Preparation of racemic dibromo-cinnamic ac id 

5. Preparation of 2,3-dibromoindone 

6. Preparation of 2-bromo-1,3-indandione. 

Ethyl cinnamate 

Ethyl cinnamate was prepared as described in Organic S,yntheses 

(1S3). Dry toluene (000 ml.) was placed in a 3 1. three-necked, round­

bottomcd flask with ground glass joints. To the toluene, 5S g. of sodium, 

eut in very small pieces, was added. The flask 't'l'as fitted with a Hershberg 

stirrer, and reflux condenser. A thermometer was suspended through the 

condenser so that it reached almost to the bottam of the flask. The third 

neck was provided with a stopper which could be replaced by a dropping 

funnel. The flask was inmersed in an oil bath and the mixture heated to 

the reflux t empe rature of toluene. At that temperature the sodium melted. 

The mixture was stirred vigorously and the cil bath was removed. The 

stirring was continued until the mixture had reached room temperature. 
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During the gradual cooling the sodium solidified in very fine particles. 

The toluene was decanted off carefully, and dry ethyl acetate (920 ml.) and 

5 ml. of absolute ethanol were added to the sodium Which remained in the 

flask. This mixture was cooled to -5° by means of an ice-salt bath. The 

stopper of the flask was removed and replaced by a dropping funnel cont­

aining 212 g. ( 2 moles) of benzaldehyde. The benzaldehyde was added 

dropwise, with vigorous stirring, at such a rate that the temperature of 

the reaction mixture was mainteined at -5° throughout the addition. 

The addition required two and a half hours at the end of which the reaction 

mixture was treated with 160 ml. of glacial acetic acid. Then water (600 

ml.) was added. The ethyl cinnarnate with the excess of ethyl acetate was 

separated at once from the aqueous layer. Tre latter was extracted with 

50 ml. of ethyl acetate and this extract added to the mixture of the esters. 

The ester mixture was washed with 6N hydrochloric acid (600 ml.) and dried 

over anhydrous sodium sulphate. When the ethyl acetate had been distilled 

off, ethyl cinnamate was distilled at 141° under reduced pressure (15 mm.). 

The yield was 289 g. (82%). 

Etbyl o< • ~ -dibromo- @ -phenylpropionate 

Ethyl ()(,? -dibromo-? -phenylpropionate was prepared as described 

in Organic Syntheses (184). In a 500 ml. three-necked flask fitted with a 

mechanical stirrer, a dropping funnel and a thennometer was placed a 

solution of 88.1 g. (0.5 mole) of ethyl cinnamate in 50 ml. of carbon 

tetrachloride. The flask was surrounded by a freezing mixture of ice and 

salt, and the contents of the flask ·cooled to 0°. Then 80 g. (0.5 mole) 

of bromine was added gradually through the dropping funnel, with constant 

stirring over a period of 25 minutes. The temperature of the reaction 
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mixture was maintained at 0-5°. The cooling bath was removed and the 

stirring continued for an additional hour during which time the reaction 

mixture warmed to room temperature. The mixture was poured into an evap­

orating dish and the carbon tetrachloride and traces of free bromine were 

evaporated on the steam bath. The evaporation was accelerated by a 

funnel which covered the evaporating dish and was conne cted to a water 

aspira tor. The cake of ethyl 01, ~ -dibromo- ~ -phenylpropionate obtained 

was kept between large filter papers for 24 hours. The product was pulver­

ized with ease, and after being dried in a vacuum desiccator it weighed 

143 g. After two recrystallizations from petroleum ether (b .p. 70-90°) 

112 g. of pure ethyl<X,?-dibromo-~-phenylpropionate (m.p. 75°) was 

obtained. The m. p. reported for ethyl c<.., ~ -dibromo-? -phenylpropionate 

was 74-75° (184). 

Phenylpropiolic acid 

Phenylpropiolic acid was prepared as described in Organic S,ynth­

eses (185). One hundred and twelve grams of ethyl ol, ~ -dibromo- ~ -phenyl­

propionate was added to a solution of 84.2 g . (1.5 mole) of potassium 

hydroxide in 400 ml. of ethanol at 40°. Initially there was a vigorous 

reaction. Later this reaction ceased and then the mixture was refluxed 

for 5 hours. The contents of the reaction f lask were cooled to oo and 

the salt s which deposited were filtered. The filtrate wa s neutralized w.i.th 

concentrated hydrochloric acid and an addi tional quantity of salts separ­

ated. These were filtered and oombined with those previously obtained. 

The filtrate was evaporated on the steam bath until the temperature of th~ 

vapour coming off reached 95°. The residue remaining in the evaporating 

dish was combined with the salts previously separated and dissolved in 250 



118. 

ml. of water. Crushed ice was added to this solution until the total volume 

was 6/JO ml. In order to avoid decarboxylation, the temperature was main­

tained at 0°, by immersing the flask which cmtained the solution in an 

ice-salt bath. Sulphuric acid (2N) was added slowly wi th mechanical 

stirring until the solution reached a pH of 3. The phenylpropiolic acid 

was separated, filtered and washed with four 10~. portions of 2N sul­

phuric a cid. 

The crude product was dissolved in 350 ml. of 5% sodium carbonate 

solution. To the brown solution of sodium phenylpropiolate 7 g. of Norit 

was added and the mixture heated on the steam bath for twenty minutes. The 

Norit was removed by filtration and the decolourized filtrate cooled to 0°. 

Then sulphuric acid (2N) was added dropwise to the filtrate with vigorous 

mechanical stirring. 'l'he temperature of the mixture was kept constant at 

0° during the addition of the sulphuric acid which was continued un til the 

mixture reached a pH of 3. 

The phenylpropiolic acid was separated by suction filtration, 

washed with 15 ml. of 2N sulphuric acid and 15 ml. of water, and air-dried. 

After two recrystallizations from carbon tetrachloride 26.5 g. (54%) of 

pure phenylpropiolic acid, melting at 135-136°, was obtained. The m.p. 

reported for phenylpropiolic acid was 135-136° (185). 

Cis- and trans-dibromo-cinnamic acids 

Cis- and trans- dibromo-cinnarnic acids were prepared according to 

the procedure of Roser and Haselhoff (185). In a 300 ml. thres-necked, 

round-bottomed flask, fitted with a separatory funnel, mechanical stirrer, 

and thermometer, was placed a solution of 21.9 g. (0.15 mole) of phenyl­

propiolic acid in 150 ml. of dry chlorofonn. The nask was placed in an 
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ice-salt bath and, while it cooled, the solution was stirred continuously. 

When the temperature reached -5°, brornine (7.7 ml., 0.15 mole) was added 

from the separatory funnel at such a rate that the temperature of the 

reaction mixture did not exceed -1°. The addition required 40 minutes. 

When the bromine had been added, the contents of the flask were allowed 

to stand for a short time and then evaporated. The evaporation was fac­

ilitated by blowing nitrogen gas into the reaction mixture. The solid 

residue which remained was dissolved in a small amount of chloroform and 

petroleum ether added. A mixture of cis- and trans-dibromo-cinnamic 

acids separated, was filtered and then washed with 20 ml. of petroleum 

ether. The yield \'las 44 g., 96%. 

2,3-Dibromoindone 

2,3-Dibromoindone was prepared according to the procedure of 

Roser and Haselhoff (187). In a 125 ml. Erlenmeyer flask, 30.6 g . (0.1 

mole) of the mixture of cis- and trans-dibromo-cinnamic acids was dissolved 

in 50 ml. of concentrated sulphuric acid at room temperature. A deep brown 

solution resulted and was poured onto 500 g. of cru shed ice. A mixture 

of 2,3-dibromoindone and trans-dibromo-cinnamic acid sep~rated at once in 

bright yellow flakes. This mixture was filtered with suction and treated 

with an aqueous 5% solution of sodium bicarbonate. The trans-dibromo­

cinnami c acid passed into the alkaline solution as the corresponding sodium 

salt but the 2, 3-dibromoindone remained practically insoluble. The insol­

uble material was filtered 'Wi th suction, washed wi th two 10-ml. portions of 

5% sodium bicarbonate solution and 20 ml. of water, and dried in a vacuum 

desiccator. The crystalline crude product thus obtained, was recrystallized 

from ethanol giving 125 g. (43.4%) of bright orange needles of 2,3-dibromo-
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indone, m.p. 123°. The m.p. reported fer 2,3-dibromoindone was 123° (187). 

2-Bromo-1,3-indandione 

The procedure of Roser and Haselhoff (188) was followed for the 

preparation of 2-bromo-1,3-indandione. A sample of 5.76 g. (0.02 mole) 

of 2,3-dibromoindone liaS suspended in 25 ml. of ethanol, and placed in o. 

lOO ml. three-necked, round-bottomed flask which was provided with a 

mechanical stirrer, dropping fu.."lllel and thermometer. The flask v1as irnm­

ersed in an ice-salt bath. ~'llien the tei:tperB.ture had reached 0°, the 

reaction mixture was stirred and 10 ml. of 10% aqueous solution of sodium 

hydroxide was added dropwise. The yellow-red solution obtuined was allowed 

to stand for 24 hours at room temperature, and then made acid to litmus 

with 2N hydrochloric acid. Upon acidification, the 2-bromo-1,3-indandione 

deposited at once. The yellow crude product was filtered, washed with 20 

ml. of water, and dried. After one recrystallization from a m:L~ture of 

benzene and ligroin (b.p. 100-120°) 1.65 g. (36.6%) of pure 2-bromo-1,3-

indandione (m.p. 118-119°) was obtained. The m.p. reported for 2-bromo-1, 

3-indandione was 119° (188). 

Purification of pyridine bases 

Pyridine 

Eastman-Kodak white label pyridine was refluxed over potassium 

hydroxide pellets for 5 hours, l eft overnight, and distilled under reduced 

pressure with moisture excluded. 

4-Methylpyridine 

A vmite label sample of 4-methylpyridine was obtained from 

Eastman-Kodak Co. The purification procedure was the same as that used in 
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the case of pyridine. 

2-Methylpyridine 

A 11practical 11 grade, yellow label sample of 2-methylpyridine from 

Eastman-Kodak Co. vms refluxed over potassium hydroxide pellets for 5 

hours. Then it was fractionally distilled through a one foot Vigreux 

column. The fraction disti11ing at 127.5-128° under 757 mm. pressure 

was used. 

3-:Methylpyridine 

Only a 11practical11 grade containing 90-95% of 3-methylpyridine 

was available from Eastman-Kodak Co. This 11practical 11 3-methylpyridine 

was fractional~~ distilled under reduced pressure using an all glass 

Dufton fractionating column 20 cm. long. The fraction which distilled at 

28.5° under9 mm. pressure was collected and ptrified according to the 

procedure of Taurins and De Souza (189). This method gave lOO% pure 

3-methylpyridine by oxidizing and removing the 2- and 4-alkylpyridines 

which contaminated the 3-methylpyridine. Selenium dio.xide was used as 

the oxidizing reagent because it was a mild o.xidant and did not attack the 

3-methylpyridine. 

In a 1 litre three-necked, round bottomed flask provided ~~th a 

mechani cal meroury-sealed stirrer, reflux condenser and ther.mometer was 

placed a solution of 93 .1 g. (1 mole) of 11practical11 3-methy1pyridine in 

300 ml . of thiophene-free toluene. The solution was heated to the reflux 

t emperat ure by means of an electric mantle which surrounded the flask. 

The first portion of selenium dioxide (27.75 g., 0.25 mole) was added to 

the sol ution through the condenser by means of a long glass tube reaching 
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below the surface of the reflu.xing solution. The reaction mixture was 

stirred continuously and after 4 hours refluxing, a second portion of 

selenium dioxide (27.75 g., 0.25 mole) was added. Selenium dioxide which 

adhered to the walls of the glass tube was rinsed into the solution by 

pouring 15 ml. of toluene dawn the tube. The reaction mixture was allowed 

to reflux for a total of·l7 hours. During this time the solution became 

progressively more yellow in colour and metallic selenium separated as a 

grey-black amorphous powder mixed with the unreacted excess of selenium 

dioxide. The liquid layer while still hot was decanted into a 1 litre 

separatory funnel. The solid residue in the flask was washed with three 

35-ml. portions of toluene and the se uashings were combined wi th the liquid 

layer in the separato:ry funnel. The liquid material was extracted with 

two 150-ml. portions of 10% hydrochloric acid and the aqueous l~er made 

alkaline wi th 20% sodium hydroxide solution. The mixture obtained was 

e.xtracted with three portions of ether; 300 ml., 1.50 ml., and 1.50 ml. 

respectively. When the ether was distilled from the combined ether e.xtr­

acts on the steam bath an oily residue remained. It was refiuxed with 

45 g. of sodium hydroxide pellets for 5 hours and fractional.ly distilled 

under reduced pressure using a one foot Vigreux column. The fraction which 

came over at 3S.5-39° under 13 mm. presrure was pure 3-methylpyridine (53.4 

g., 57.35%). 

Purification of pyridinecarboxylic acids 

The 11practical 11 grade of 2-pyridinecarbo.xylic acid (picolinic 

acid) obtained from Eastman-Kodak Co. was purified by recrystallization 

from benzene. 3-Pyridinecarboxylic acid (nicotinic acid) from Brickman 

Co., and 4-pyridinecarboxylic acid (isonicotinic acid) from Reilly Co. were 
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recrystallized twice from water before being used. 

1-(3-H.ydro:xy-1-oxo-2-indenyl)pyridinium hydroxide, betaine 

a. 1-(3-Hydro.xy-1-oxo-2-indenyl)rorridinium hydroxide, betaine 

was prepared according to the procedure of stafford (91). Bromine (2.25 ml.) 

was dissolved in 15 ml. of dry pyridine at 0°, and slowly added to a stirred 

solution of 4.38 g. (0.03 mole) of 1,3-indandione in 6 ml. of pyridine. The 

reaction mixture was heated gently on the steam bath for 5 minutes, and then 

poured into 300 ml. of water. The dark-red solution obtained was extracted 

with three 10-ml. portions of ether to remove the excess pyridine. The 

aqueous layer was separated and made alkaline with 2N sodium hydroxide 

solution. When the pH of the solution reached 10.5 at 19°, the addition of 

alkali was stopped. The reaction mixture was kept overnight at 0° and 

1-(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, betaine deposited in 

elongated yel1ow plates which were recrystallized from eth~ol. The yield 

was 1.2 g. (18% based on the amount of the 1,3-indandione used) and the 

pure product melted at 257° with decomposition. The m.ps. reported for the 

1-(3-hydro.xy-1-oxo-2-indenyl)pyridinium hydroxide, betaine were 255-256° 

(91) and 256-257° (94). 

b. Reaction of 2-bromo-1,3-indandione with pyridine 

2-Bromo-1,3-indandione (1.13 g., 0.005 mole) was dissolved in 

3 ml. of dry pyridine and the yellowish solution obtained was heated 

gently on the steam bath for 6 minutes. During this heating the solution 

be came dark red in colour. The reaction mixture was poured into 50 ml. of 

water and refluxed for 10 minutes. After being allowed to cool to room 

temperature, the solution was extracted with three 10-ml. portions of 
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ether. The aqueous la;yer was separated, and made alkaline (pH 11 at 22°) 

with lN aqueous sodium hydroxide. Upon cooling in the refrigerator over­

night, the solution deposited 0.75 g. of 1-(3-hydroxy-1-oxo-2-indenyl)pyri­

dinium hydroxide, betaine (67% yield based on the qmount of 2-bromo-1,3-ind­

andione used). A sample obtained by mixing this product with that prepared 

according to the procedure of Stafford did not show any depression of the 

melting point 257° (deco~p.). 

The same procedure as above was followed except that instead of 

being heated on the steam bath, the reaction mixture of 2-bromo-1,3-ind­

andione and pyridine was allowed to stand for 24 hours at room temperature. 

The product obtained was identified with that prepared according to the 

above procedure, by a mixed melting point determination. 

Attempted isolation of 1-(1,3-dioxo-2-indanyl)pyridinium bromide 

The reaction mixture of 2-bromo-1,3-indandi one (1.13 g., 0.005 

mole) and 3 ml. of pyridine after standing at room temperature for 24 

hours was poured into 50 ml. of water and refluxed for 10 minutes. The 

mixture was allowed to cool, and then was evaporated to d~ness over 

phosphorus pentoxide in vacuo at room t emperature. A black residue was 

obtained which, ••hen tested wi th silver nitrate solution, showed that 

anionic bromine was present. The test f or the presence of nitrogen was 

posit i ve . Numerous attempts were made to recrystallize the material from 

various solvants, but all failed. Under the microscope the brittle resin­

ous mass appeared partially crystalline , and partially amorphous. Finally 

an effort was made to purify the black re sidue by subl imation in an all 

gl ass sublimation appar atus . The dry mat erial pa.rti ally sublimed at 125° 

under 1 mm. pressure giving a reddish solid m.p. 158-164°. This solid after 
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recrystallization from a mixture of hot chloroform and styrene melted at 217°. 

The compound was identified as pyridine hydrobromide for the following reas-

ons: 

i. It was shawn by a silver nitrate test that the compound contained anionic 

bromine. 

ii. The substance liberated pyridine quantitatively upon treatrrent with 10% 

aqueous sodium hydroxide. 

iii. The sublimate was very soluble in water and alcohol but insoluble in 

ether and most of the nonpolar solvents. 

iv. The product readi1y formed a picrate m.p. 164° which was identified by 

a mixed me1ting point determination with the picrate obtained from either 

pyridine or pyridine hydrobromide. The ~.p. reported for this picrate was 

165-166° (190). 

v. No depression of the melting point was observed when this compound was 

mixed with an authentic sample of pyridine hydrobromide, m.p. 217~ Reported 

m. p. 215-218° (101). The total amount of pyridine hydrobromide which sub-

1imed was O.J7g. (46.3%). 

The sublimation of the crude product from the reaction of 2-bromo-

1,3-indandione and pyridine was continued but at higher temperature. At 

185-190° und er 1 mm. pre ssl.tre a yellow substance sublimed slow1y. This 

compound melted at 257° with decomposition. A mixed melting point deter­

mination vdth 1-(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, betaine 

prepared according to the procedure of Stafford (91), showed no depression 

of the me1ting point, 257o (decomp.). The total amount of 1-(3-hydroxy-

1-oxo-2-indenyl)pyridinium hydroxide, betaine sublimed was 0.73 g. (65.5% 

based on the amount of 2-bromo-1,3-indandione used). 
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c. Reaction of 2,2-dibromo-1,3-ind~dione and pyridine 

A sample of 2,2-dibromo-1,3-indandione (1 g., 3.3 millimoles) 

was added to an excess (3 ml.) of pyridine and the mixture shaken until 

an orange solution was obtained. The colour of this solution deepened 

gradually on standing. The solution was heated on the steam bath for 3 

hours then the excess pyridine was removed under reduced pressure. The 

solid dark residue which remained was dried in a vacuum desiccator over 

concentrated sulphuric acid. The dried material was recrystallized from 

12 ml. of boiling ethanol to which a small amount of Norit had been added. 

The alcoholic solution slowly deposited yellow crystals of 1-(3-hydroXY-1-

oxo-2-indenyl)pyridinium hydroxide, betaine which melted at 257° with 

decomposition. The mixed melting point determination of 1-(3-hydroxy-1-

oxo-2-indenyl)pyridinium hydroxide, betaine prepared according to the 

procedures a, b and c, did not shaw any depression. The yield based on 

2,2-dibromo-1,3-indandione was 0.34 g., 46.5%. 

Fractional sublimation of the crude product of the reaction of 

pyridine with 2,2-dibromo-1,3-indandione 

The procedure described previously fer the fractional sublimation 

of the reaction mixture of 2-bromo-1,3-indandione and pyridine was followed 

in the present case. The sublimation 1vas carried out in an all glass 

apparatus bec~use pyridine hydrobromide attacked rubber. 

The first fraction Which sublimed at 120-125° under 1 mm. press­

ure was identified after purification as pyridine hydrobromide. The purif­

ication of this compound was achieved by several sublimations or recrystall­

ization from a mixture of hot chloroform and styrene. The pyridi.ne hydro­

bromide which sublimed initially was White but as sublima ti on continùed the 
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substance gradually became orange-yellow. Treatment of this product with 

aqueous potassium iodide showed that neither free bromine nor any pyridine­

bromine complex was present, because no iodine was released. The orange­

yellow colouration was due to the presence of a small amount of 1-(3-hydro­

xy-1-oxo-2-indenyl)pyridinium hydroxide, betaine which sublimed simultan­

eously. The latter compound was isolated by treating the crude pyridine 

hydrobromide with a very small quantity of water. The pyridine hydrobromide 

passed into solution while the 1-(3-hydroxy-1-oxo-2-indenyl)pyridinium 

hydroxide, betaine present remained ir.soluble and was identified with an 

authentic sample of the compound. The second fraction sublimed at 185-

1900 and was identified with 1-(3-hydroxy-1-oxo-2-indenyl)pyr.idinium hydro­

xide, betaine by its melting point, and a mixed melting point determination 

with an authentic sample of the compound (257° dec.). A black material 

remained in the sublir~tion apparatus. Examination of this substance under 

the microscope showed that it was completely amorphous. It appeared poly­

merie and did not show any tendency to form fibres. Attempts to crystallize 

the material using various solvents failed. Elementary analysis showed the 

presence of nitrogen and bromine. The latter was shown to be anionic when 

tested with silver nitrate solution. On several occasions reaction mixtures 

of pyridine and 2,2-dibromo-1,3-indandione were sublimed in the manner des­

cribed above and the quantitative data obtained on these occasions were 

avcraged and are presented below. 

Starting with 1 g. of 2,2-dibromo-1,3-indandione and 3 ml. of 

pyridine, 1.628 g. of solid residue was obtained \mich upon fractional 

sublimation gave 0.475 g. of pyridine hydrobrornide, 0.587 g. of 1-(3-hyd­

roxy-l -oxo-2-indenyl)pyridinium hydroxide, betaine (74% based on the amount 

of 2, 2-dibromo-1,3-indandione used), and 0.5 g. of polymerie material. The 
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observed loss of 1.628 - (0.475 + 0.587 + 0.5) = 0.066 g. was due appar­

ently to the fact that sorne of the vapours of pyridine hydrobromide and 

the pyridinium betaine were not solidified on the cold finger of the 

sublimation apparatus and distilled off instead. 

Solvatochromy of the reaction mixture of 2,2-dibromo-l,J-ind­

andione and pyridine 

In a 25 ml. two-necked, round-bottomed flask with ground glass 

joints was placed a solution of 2,2-dibromo-1,3-indandione (2 g., 6.6 

millimoles) in 10 ml. of pyridine. The flask was equipped with a reflux 

condenser and a glass stopper which could be removed for taking samples 

of the reaction mixture. The solution was heated on the steam bath for 

3 hours and at several intervals during this time samples of the reaction 

mixture were taken. Two drops of each sample were added to each of 10 test 

tubes. To 5 of these tubes 2, 4, 6, 8 and 10 drops of ethanol were added, 

so that a series of increasing dilutions was obtained. The intensity of 

the colour of the solution decreased proportionally to the amount of 

ethanol added. Therefore the decrease in colour could be attributed to a 

dilution effect. To the other 5 test tubes 2, 4, 6, 8 and 10 drops of 

water were added. In this case, since a pronounced decrease in the colour 

of the solution was observed, irrespective of the quantity of water, the 

decrease could not be ascribed to a dilution effect. 

l-(3-Rydroxy-l-oxo-2-indenyl)4-methylpyridinium hydroxide, betaine 

a. Attempted synthesis 

(i) A solution of 1,3-indandione (1.46 g., 0.01 mole) in 10 ml. 

of 4-methylpyridine was placed in a 25 ml. Erlenmeyer flask which was 
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immersed in an ice-salt bath. When the temperature of the solution 

reached 0°, bromine (0.75 ml.) was added to it dropwise. The reaction 

mixture became almost black in colour and a semisolid material separated 

from the solution. After standing for 30 minutes, the reaction mixture 

was extracted with three 20~. portions of ether to remove the unreacted 

4-methylpyridine. The dark re sidue which remained was dried in a vacuum 

desiccator at room temperature for 24 hours and then transferred to an 

all glass sublimation apparatus. This apparatus was immersed in an oil 

bath and connected to a mechanical pump. The pressure in the apparatus, 

meas11red by means of a manometer, was 1 mm. When the oil bath had been 

heated to 125-130°, a few milligrams of material sublimed. This sublimate 

was identified as 4-methylpyridine hydrobromide for the follmdng reasons: 

1. The substance, when tested with silver nitrate solution, was found to 

contain negative bromine. 

2. When treated 'lod th a 5% aqueous solution of sodium hydroxide the sub­

stance liberated 4-msthylpyridine. The latter was extracted with ether 

and the ethereal extract evaporated carefully on the water bath. The 

boiling point of the liquid residue was detennined by Siwoloboff's micro­

method (191) and found to be 143°. 

3. The co~pound readily formed a picrate, which after recrystallization 

from ethanol melted at 167°. A mixed melting point determination with 

cm authentic sample of the picrate of 4-methylpyridine showed ne depression 

of the me1ting point (167°). 

The residue remaining in the sublimation apparatus was a black 

polymer. No crystalline product cou1d be obtained from it although many 

attempts were made to crystallize it from various solvents. 

Exactly the same procedure as above was followed in the case of 
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2- and 3-methylpyridines with very similar resu1ts. Upon treatment of 

these pyridine bases with bromine in the presence of 1,3-indandione, 

po1ymerization occurred accompanied by the formation of small quantities 

of the corresponding methy1pyridine hydrobromide. 

(ii) In a 25 ml. Erlenmeyer flask immersed in a dry ice-acetone 

bath was p1aced 10 ml. of 4--methylpyridine • When the liquid 4-methylpyri­

dine had solidified, bromine (1 ml.) was added dropwise. It solidified 

immediately. A very slow reaction occurred at the interface of the two 

phase solid system with the formation of an orange-yellow crystalline 

product. The reaction mixture was allowed ta reach a temperature at 

which bath reactants melted and then was poured into a cold, violet-col­

oured suspension of 1,3-indandione (2.19 g., 0.015 mole) in 3 ml. of 4-

methylpyridine . The mixture darkened in colour and upon heating on the 

steam bath for 5 minutes deposited a dark-brown semisolid material. The 

excess of 4-methylpyridine was removed by extraction with two 20-ml. 

portions of ether ~~d the semisolid residue which remained after the 

extraction was dried in vacuo at room t emperature and then sublimed at 

130°/1 mm. Only a small amount (0.16 g.) of a yellow substance sublimed 

during a period of 2 hours. This eructe sublimate was purified by another 

sublimati on. It was identified as 4-methylpyridine hydrobromide by the 

same tests as were used previously. 

The residue remaining in the sublimation apparatus was a black 

polymer which gave positive r esults when tested for the presence of nitrogen 

and anionic bromine . 

Exactly the same procedure was followed when 2-, or 3-methylpyri­

dine was used instead of 4-methylpyridine and similar resul ts were obtained. 
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b. Reaction of 2,2-dibromo-1,3-indandione and 4-methylpyridine 

(i) Using ethanol as solvent 

In a 50 ml. two-necked, round-bottomed flask equipped with a 

reflux condenser and dropping funnel was placed 1.53 g. (0.005 mole) of 

2,2-dibromo-1,3-indandione and 20 ml. of ethanol. The mixture was refluxed 

for 2 minutes, then as the solid phase of 2,2-d.ibromo-1,3-indandione 

passed completely into solution, 4-methylpyridine (4 ml.) was added drop­

wise over a period of 10 minutes. The refluxing was continued for an 

addi tlonal 2 hours and during this time the reaction mixture gradually 

turned red. Most of the ethanol (14 mlJ was removed under reduced press­

ure (water aspirator) leaving a dark red vis cous liquid, which a.fter 

standing overnight at room temperature, slowly deposited lustrous wine-

red flakes. These crystals were collected on the fïlter and recrystall­

ized from ethanol. Analysis and molecular weight determination indicated 

that the substance should be the l-(3-hydroxy-l-oxo-2-indenyl)4-methylpyr­

idinium hydroxide, betaine. The electronic absorption spectrum, because 

it showed a similar pattern to that of 1-(3-hydroxy-1-oxo-2-indenyl)pyr­

idinium hydroxide, betaine, confirmed the structure assigned to the compound. 

The yield cf l-(3-hydroxy-l-oxo-2-indenyl)4-methylpyridinium hydroxide, 

betaine was O.S2 g. (67% based on the amount of 2,2-dibromo-1,3-indandione 

used). It melted at 25So with decomposition. 

Molec. weight Cale. for C15H11N02: 237 

Found by the method of Rast: 234 

Anal. Cale. for C15H11N02: C, 75.95; H, 4.67; N, 5.9% 

Found: C, 76.22; H, 4.74; N, 6.19% 

The filtrate obtained from the reaction mixture of 2,2-dibromo-1, 

3-indandione and 4-methylpyridine after the separation of 1-(3-hydroxy-1-
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oxo-2-indenyl)4-methylpyridinium hydroxide, betaine, was evaporated to 

dryness under reduced pressure, and then transferred to an all glass 

sublimation apparatus. The apparatus was irrunersed in an oil bath at 1.30°. 

A white powder (0.37 g.) sublimed during a period of 2 hours and a polymerie 

residue was left in the sublimation apparatus. The white sublimate was 

identified as 4-methylpyridine hydrobromide by the methods whieh were 

described in case (a). The dark polymerie residue did not crystallize. 

It softened at 280-2g5o, and elementary analysis showed that it contained 

nitrogen and bromine. 

Reaction of 2,2-dibromo-1,3-indandione and 4-methylpyridine 

(ii) Using toluene as solvent 

Twenty millilitres of c.p. toluene 1,;hich had been dried over 

sodium, and 1.53 g. (0.005 mole) of 2,2-dibromo-1,3-indandione were plaeed 

in a 50 ml. two-necked flask fitted with a dropping funnel and a reflux 

condenser to \vhich was attached a calcium chloride d:r,ring tube. The flask 

was immersed in an oil bath maintained at 120-125°. To the boiling sol­

ution of 2,2-dibromo-1,3-indandione an exeess of 4-methylpyridine (4 ml.) 

was added dropwise over a period of 5 minutes. This r eaction mixture was 

refluxed for 40 ~inutes during which time a solid material began to separate 

f rom the dark-coloured soluti on. After being cooled in an ice bath the 

react ion mixture was filtered with suetion (water aspirator). The sol id 

material which remained on the filter was washed with 10 ml. of toluene 

and then dried in a vacuum desiceator for 24 hours at room temperature. 

A mixture weighi ng 2.4 g. and consisting of 1-(3-hydroxy-1-oxo-2-indenyl) 

4-methylpyridinium hydroxide , betaine, 4-methylpyridine hydrobrornide and 

amorphous polyme r i e material was obtained. This mixture after severa.l. 



133. 

recrystallizations from boiling ethanol gave 0.46 g. of pure 1-(3-hydroxy­

l-oxo-2-indenyl)4-methylpyridinium hydroxide, betaine in fine dark red 

leaflets, melting at 258° with decomposition. The yield based on the 

amount of 2,2-dibromo-1,3-indandione used was 39% (0.46 g.). The filt-

rates and washings wcre evaporated to dryness under reduced pressure. The 

residue obtained was sublimed and yielded 0.11 g. of 4-methylpyr.idine 

hydrobromide and 1.83 g. of a polymerie material. 

The above procedure was follawed When 2,2-dibromo-1,3-indandione 

and 4-methylpyridine were reacted in toluene at 78-80° for 2 hours. The 

yield of l-(3-hydroxy-l-oxo-2-indenyl)4-methy1pyridinium hydroxide, betaine 

in this case was 44.7% (0.53 g.). After the betaine had been separated, 

the filtrate and washings were evaporated to dryness, and then sublimed. 

The white sublimate was identified as 4-methy1pyridine hydrobromids, by 

the procedure used in the case of the reaction of 4-methylpyridine and 

1,3-indandione in the presence of bromine. In the sublimation apparatus 

a black polymerie material remained. 

The effect of temperature and solvant on the reaction of 4-meth-

y1pyridine and 2,2-dibromo-1,3-indandione is shawn in Table I. 

TABLE I 

Sol vent Temperature 1-(3-hydroxy-l-oxo-2-indeny1) 4-methy1pyridine Polymer 
4-methylpyridinium hydroxide, hydrobromide 

be taine 
Yie1d %* grarns grams 

Ethanol 78.5° 67 0.37 0.74 

Toluene 110.6° 39 0.11 1.83 

Toluene 78-80° 44.7 0.24 1.4 

*Reaction of 1.53 g. (0.005 mole) of 2,2-dibromo-1,3-indandione ~th 4 ml. 
of 4-methylpyridine. 
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Reaction of 4-methylpyridine and 2,2-dibromo-1,3-indandione in 

the presence of phenol 

In a 25 ml. Grignard nask equipped with a nitrogen inlet tube, 

thermometer, and reflux condenser protected by a calcium chloride drying 

tube, was placed a mixture of 8 ml. of 4-methylpJrridine, 3.06 g . (0 .01 

mole) of 2,2-dibromo-1,3-indandione and 0.3 g. of phenol. The nask was 

immersed in an oil bath which was maintained at 105 °. The reaction mix­

ture turned orange L~@ediately and this colour deepened as the reaction 

proceeded. A slow stream of dry nitrogen was passed through the flask 

during the reaction time of one hour. The hot solution 1.-1as transferred 

to a small Claisen flask and distilled under 2 rmn. pressure. The tem~r­

ature of the bath in whi ch the Claisen flask was irmnersed was not allowed 

to rise higher than 80° (i.e. below the m.p. of 2,4,6-tribromo-phenol). 

Phenol solidified and remained in the condenser. It was identified by 

its m.p. (41 o) and solubility in water. The dry r e sidue le ft in the 

Claisen flask after the distillation of the liquid phase was transferred 

carefully to an aJ..l-glass sublimation apparatus. This apparatus was 

placed in an oil bath maintained at 125-130°, and connected with a mechan­

ical pump. A white mater i<:ü sublimed over a period of two hours un:ier 1 mm. 

pressure. This substance was identified as 4-methylpyridine hydrobromide 

by the methods pr eviously described. No 2, 4 ,6-tribromo-phenol l<~as present, 

because the sublimate was completely soluble in water . 

Reaction of 4-methylpyridine and 2 , 2-dibromo-1,3-indandione in 

t he presence of styrene 

A mixture of 3.06 g. (0.01 mole) of 2,2-dibromo-1,3-indandione, 

4 ml. of 4-methylpyridine and 2 .5 ml. of styrene (stabilized against 
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polymerization by tertiary butyl catechol) in 25 ml. of ethanol was heated 

to the reflux temperature in a nitrogen atmosphere. Refluxing was contin­

ued for 45 minutes, then the reaction mixture was distilled. The fraction 

distilling at 145-146° (1.8 ml.) was v.nreacted styrene. The residue which 

remained was transferrcd to a Claisen flask and distilled under reduced 

pressure (15 mm.). vfuen the temperature reached 139-141° styrene dibromide 

distilled and solidified in the condenser. The amount of this substance 

collected was 35 mg. and it l'las identificd by its mel ting point (70-71 °) 

and a mixed melting point determination with an authentic sample of styrene 

dibromide. 

c. Reaction of 2-bramo-1,3-indandione and 4~ethylpyridine 

(i) A solution of 1.13 g . (0.005 mole) of 2-bromo-1,3-indandione 

in 4 ml. of 4-methylpyridine was placed in a 10 ml. Erlenmeyer flask and 

kept at room temperature for 24 hours. The ~dne-red solution was poured 

into 20 ml. of water and heated for 15 minutes on the stea~ bath. Then, 

the excess of 4-methylpyridine "t'las removed by two extractions of the solution 

with 15 and 10 ml. of ether. The aqueous l ayer was separated and .part of 

the water (8 ml.) removed under reduced pressure. The remainder of the 

solution was rr.ade alkaline (pH 11 at 19°) by adding lN solution of sodium 

hydroxide dropwise . From the alkaline mixture a dark r ed solid substance 

slowly deposited and crystallized in elongated prisms. After recrystall­

ization from ethanol, 0.85 g. (71.7%) of 1-(3-hydroxy-l-oxo-2-ind~lyl) 

4-methylpyridinium hydro:dde, betaine melting at 258° (decomp.) was 

obta:i..ned. A sample prepared by m:ixing the betaines obtained from the 

r eaction of 4-methylpyridine with eithe r 2,2-dibromo-1,3-indandione or 

2-bromo-1,3-indandione did not show any depression of the melting point, 
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258° (decomp.). 

(ii) A reaction mixture of 2-bromo-1,3-indandione (1.13 g., 0.005 

mole) an:i 4-methylpyridine (4 ml.) was refluxed for 6 minutes, during which 

time it turned almost black and u11derwent a rapid polymerization. The 

black semisolid material produced did not cr.ystallize. It was soluble in 

methanol and ethanol but only slightly soluble in ether and water. Sub­

limation of this product gave a smal1 amount of 4-methylpyridine hydrobromide. 

Attempted isolation of l-(1,3-dioxo-2-indanyl)4-methylpyridinium 

bromide 

In a 10 ml. Erlenmeyer flask was placed a solution of 2-bromo-1, 

3-indandione (1.13 g., 0.005 mole) in 4ml. of 4-methylpyridine. 'lhe 

reaction mixture which immediately turned orange in colour became wine-red 

while sta..."lding for 24 hours at rocm tGt1lperature. The solution was poured 

into water and heated for 15 minutes, then cooled and extracted with 25 ml. 

of ether. The aqueous layer was placed in a desiccator over phosphorus 

pentoxide , and dried. The dark residue which gave 4-methylpyridine hydro­

bromi de and l -(3-hydroxy-l-oxo-2-indenyl )4-methylpyridinium hydroxide, 

betaine on sublimation. These products were similar to those obtained in 

the r eaction of pyridine wi t h 2-bromo-1,3-indandione. However, ail attempts 

to isolate l-(1,3-dioxo-2-indanyl)4-methylpyridi nium bramide from the 

reaction mixture failed. 



137. 

l-(3-Rydroxy-l-oxo-2-indenyl)3-methylpyridinium hydroxide. betaine 

a. Reaction of 2,2-dibromo-1,3-indandione and 3-methylpyridine 

(i) Using ethanol as solvent 

To a 50 ml. one-necked, round-bottomed flask equipped with a 

reflux condenser '\vas added a mixture of 1.53 g. (0.005 mole) of 2,2-dibromo-1, 

3-indandione, 5 ml. of 3-methylpyridine and 40 ml. of ethanol. The reaction 

mixture initially was yellowish but turned orange-yellow while refluxing on 

the steam bath for 6 hours. After evaporating most of t~e ethanol (25 ml.) 

under reduced pressure, the solution was placed in the refrigerator overnight. 

The solid which separated was recrystallized from alcohol and identified as 

2,2-dibromo-1,3-indandione by its melting point and a mixed melting point 

determination with an authentic sample. The 2, 2-dibromo-1,3-indandione 

was recovered from the reaction mixture in a yield of 94.7% (1.45 g.). 

Unreacted 2,2-dibromo-1,3-indandione also was recovered almost 

quantitatively when methanol was used as solvent instead of ethanol in 

the above experimental procedure. 

(ii) Using isoamyl alcohol as solvent 

To a solution of 1.53 g. (0.005 mole) of 2,2-dibromo-1,3-indand­

ione in 40 ml. of warm isoamyl alcohol, 5 ml. of 3-methylpyridine was 

added. The orange reaction mixture was refluxed for one hour then allowed 

to cool to roam temperature. After standing for several hours, 1.2 g. of 

a deep yellow product separated from the solution as fine needle s. This 

material was filtered and recrystallized three tirœ s from isoamyl alcohol. 

The substance mel ted at 238° wi th decomposition, when the mel ting point 

apparatus was preheated to 175°, but decomposed at 207° when the sulphuric 

acid bath was not preheated. Elementary qualitative analysis showed the 
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presence of nitrogen and bromir..e. Microanalysis for C, H and N showed that 

the product was probably a molecular compound of 1-(3-hydroxy-1-oxo-2-indenyl) 

3-methylpyridiniurr. hydroxide, betaine and unreacted 2,2-dibromo-1,3-indandione 

in the molar ratio 5:1. 

Anal. Cale. for (~5H11No2 ) 5 c9H4Br2o2: C, 67.69; H, 3.99; N, 4.7% 

Found: C, 67.22; H, 4.15; N, 4.83% 

The above reaction was reJ:6ated under exactly the same conditions 

except that the refluxing was continued for 7 hours. Then most of the iso­

amyl alcohol was distilled off under reduced pressure and the viscous orange 

solution remaining was cooled in an ice bath. The solid material which 

separated was filtered with suction and washed with two 10-ml. portions of 

ether. On recrystallization from ethanol it melted at 218° with decomposit­

ion. The yield was 0.91 g. (77% based on the amount of 2, 2-dibromo-1,3-

indandione used). 

Anal. Cule. for Cl5H11N02: C, 75.95; H, 4.67; N, 5.9% 

Found: C, 76.20; H, 4.62; N, 6.15% 

(iii) 2,2-Dibromo-1,3-indandione (1.53 g.,0.005 mole) was dissolved 

in 5 ml. of 3-methylpyridine. The orange solution obtained "rJas heated for 

4 hours on the stean:. bath and then the unreacted 3-rnethylpyrid:ine was dis­

tilled off under reduced pressure. The solid material which remained was 

transferred to an all glass sublimation apparatus and fractionally sublimed, 

according to the procedure previously outlined in the description of the 

reaction between pyridine and 2, 2-dibromo-1,3-indandione. Similar products 

"rlere obtained from the reactions of pyridine and 3-methylpyridine with 

2,2-dibromo-1,3-indandione. The first fraction was 0.23 g. of 3-methylpyr­

idine hydrobromide. It was identified by the method used to identify 
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4-methylpyridine hydrobromide. The second fraction which sublimed at 

170-180°/l mm. was found to be l-(3-hydroxy-l-oxo-2-indeDyl)3-methylpyri-

dinium hydroxide, betaine. It melted at 218° with decomposition and no 

depression of the melting point was observed when it was mixed with a 

sample obtained from the reaction of 2,2-dibromo-1,3-indandione and 3-meth-

ylpyridine inisoamyl alcohol solution. The yield was 0.78 g. (65.8%). In 

the sublimation apparatus a black polymer (0.64 g.) remained which did not 

crystallize. 

b. Reaction of 2-bromo-1,3-indandione and 3-methylpyridine 

A solution of 1.13 g. (0.005 mole) of 2-bromo-1,3-indandione in 

3 ml. of 3-methylpyridine was placed in a 10 ml. round-bottamed flask 

which had a ground glass joint and was provided with a reflux condenser. 

The reaction mixture was heated gently on the steam bath for 4 minutes, 

then left overnight at room temperature. The dark red solution was poured 

into 20 ml. of water, and refluxed for 5 minutes. This aqueous solution 

was cooled and then axtracted with 15 ml. of ether in three portions to 

remove the excess 3-methylpyridine. The water layer was separated and made 

alkaline (pH 11 at 21°) by the dropwise addition of a lN solution of sodium 

hydroxida. A solid material separated slowly from the solution. It was 

filtered with suction, air-dried and recrystallized from !ethanol in bright 
1 

yellow needles. The pure dry product weighed 0.97 g. (82% yield based on 

the amount of 2-bromo-1,3-indandione used) and melted at 21.8° with decomp-

osition. A mixed melting point determination and comparison of the elect-

ronic absorption spectra showed that this compound was identical with l-(3-

hydroxy-l-oxo-2-indenyl)3-methylpyridinium hydroxide, betaine. 
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Attempted synthesis of l-(3-hydroxy-l-oxo-2-indenyl)2-methyl­

pyridinium hydroxide , betaine 

a. Reaction of 2-methylpyridine and 2,2-dibromo-1,3-indandione 

A mixture of 1.53 g. (0.005 mole) of 2,2-dibromo-1,3-indandione, 

4 ml. of 2-methylpyridine and 20 ml. of ethanol was placed in a 50 ml. two­

necked, round-bottomed flask ·Hith ground glass joints. One joint was 

fitted rd.th a reflux condenser, and the other 'With a glass stopper which 

could be removed for sampling. The solution was refluxed for one hour 

and during this time its colour darkened gradually from orange-yellow to 

a very deep red. While the solution was being refluxed, samples were 

taken by means of a micropipette at 10 minute intervals. Each sal'D.ple 

amounted to three to four drops of the solution and was placed in a Email 

test tube. Water (1 ml.) was added and a yellowish solid material precip­

itated. This solid material after recrystallization from ethanol was 

identified as 2,2-dibromo-1,3-indandione by determination of its melting 

point (l?So) and mixed melting point with an authentic sample of 2,2-dibromo-

1,3-indandione. In addition the presence of "positive" bromine was detected 

by the standard potassium iodide-starch test. 

As the refluxing was continued the amount of free 2,2-dibromo-1, 

3-indandione isolated from each sample gradually decreased until the 

compound no longer was detected. The alcohol and the excess of 2-methyl­

pyridine were distilled off in vacuo, and the sernisolid residue was dried 

in an Abderhalden drying pistol for 24 hours at 35° (boiling ether). A 

polymerie substance was obtair.ed from which no crystalline material could be 

isolated. The polymer appeared to be a highly viscous tar and thin films 

of it under the polarizing microscope did not show any centre of crystal 

grm-:,th. 
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The reaction of 2,2-dibromo-1,3-indandione and 2-methylpyridine 

was repeated under the same conditions except that it was carried out in a 

dry nitrogen atmosphere and absolute ethanol was used as the solvent. 

Subsequently the reaction was carried out without solvent, and with various 

;:,ther solvents such as methanol, propaL'1ol, isoéllilj'"l alcohol, 1,4-dioxane and 

chloroform. In all these cases, the same results as above were obtained. 

b. Reaction of 2-methylpyridine and 2-bromo-1,3-indandione 

A sample of 1.13 g. (0.005 mole) of 2-bromo-1,3-indandione was 

dissolved in 4 ml. of 2-methylpyridine. After being heated on the steam 

bath for 4 minutes, the reaction mixture was diluted >dth 20 ml. of water 

and the excess of 2-methylpyridine was extracted with 20 ml. of ether in 

4 portions. The aqueous layer was separated and the greater part of the 

water removad under reduced pressure. The residue Which remained was 

dried in a vacuum desiccator for 72 hours over phosphorus pentoxide. This 

resulted in the formation of a dark tar from which no crystalline substance 

was obtained. 

Attempted reaction of 2,2-dibromo-1,3-indandione with 

2-aminopyridine 

A mixture of 3 g. of 2-aminopyridine and 1.53 g. (0.005 mole) of 

2,2-dibromo-1,3-indandione was placed :Ln a 10 nü. two-necked flask equipped 

with a nitrogen inlet tube and reflux condenser protected by a calcium 

chloride drying tube. The mixture was warmed on the ste am bath and as the 

2-aminopyridine melted, 2,2-dibromo-1,3-indandione passed immediately into 

solution. During the gentle heating on the steam bath a slow stream of dry 

nitrogen was passed into the flask. After 20 minutes the reaction mixture 
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which had become dark brown in colour was cooled and extracted with 10-ml. 

portions of ether. The ether was decanted and the tarry residue dried. 

Ail attempts to sublime or recrystaJ_lize this tar failed. Apparently it 

was a polymerie material. 

Attempted reaction of 2,2-dibromo-1,3-indandione with 

2-dibenzoylaminopyridine 

To a suspension of 4 g. of 2-dibenzoylürninopyrdine (m.p. 167°, 

prepared by benzoylation of 2-arninopyridine accordj_ng to the directions of 

Tchitcr~babin (192)) in 25 ml. of isoamyl alcohol (b~p. 130-132°) was 

added 1.53 g. (0.005 mole) of 2,2-dibromo-1,3-indandione. The colour of 

the reaction mixture which be came yellow immediately, deepened as the 

reaction proceeded. Âfter refluxing for 3 hours, the mixture was cooled in 

an ice bath and filtersd. The material remaining on the filter, which 

consisted of a light brown crystalline substance a.."'ld a tar, was washed 

wi th two 5-ml. portions of isoamyl alcohol. Upon recrystallization from 

hot pyridine, the tar remained in solution but the crystalline material 

separated on cooling. A yield of 0 .4 g. of tri -o-benzoylene-benzene 

melting at 427° was obtained. 

Attempted reaction of 2-bromo-1,3-indandione with 2-aminopyr­

idine or 2-dibenzoylaminopyridine 

The exrerimental procedure described above was followed when 

2-aminopyridine and 2-dibenzoylaminop,yridine were allowed to react with 

2-bromo-1,3-indandione instead of 2,2-dibromo-1,3-indandione. In each of 

these cases the reaction failed to give the corresponding betaine and a 

tar was obtained. 
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In a 100-rnl. one-necked, round-bottomed flask equipped with a 

reflux condenser and situated in an electric heating mantle, was placed 

1.53 g. (0.005 mole) of 2,2-dibromo-1,3-indandione. A hot solution of 

3.69 g. (0.03 mole) of 4-pyridinecarboxylic acid in 40 ml. of isoamyl 

alcohol was added and the mixture refluxed for a period of 6 hours. The 

colour of the solution gradually turned deep orange as t he 4-carboxy-1-

(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, betaine was formed. 

Removal of the isoamyl alcohol under reduced pressure left a yellow residue 

which was extracted \-.ri th threc 10-ml. portions of boiling water and then 

dried in a vacuum desiccator for 24 hours. The dry yellow substance was 

extracted 1·.i. th 15 nù. of chloroform and recrystallized twice from absolute 

ethanol. Finally, 0.78 g . of 4-carboxy-1-(3-hydroxy-1-oxo-2-ir.denyl) 

pyridinium hydroxide, betaine melting at 351° with decomposition was 

obtained. The yield based on the amount of 2,2-dibromo-1,3-indandione 

used was 58% . 

Anal. Cale. for c15H9No4: 

Found: 

C, 67.41; H, 3.4; N, 5.24% 

C, 67.18; H, 3.78; N, 4.72% 

3-Carboxy-1-(3-hydroxy-1-oxo-2-indenyl)pyr.idinium hydroxide, 

be t aine 

To a suspension of 1.53 g. (0.005 mole ) of 2,2-dibromo-1,3-

indandione in 25 ml. of isoamyl alcohol an excess (4 g.) of 3-pyridine­

carboxylic acid was added. The mixture immediately became yellow and 

this colour deepened as the reaction proceeded. Bath reactants passed 

completely into solution. After refluxing for 8 hours, the hot mixture 



was transferred to a Claisen flask and the isoamyl aleohol removed by 

distillation at 25-28° under 1 mm. pressure. The bright yellow resid~e 

was treated with 15 ml. of 2N hydrochlorie acid, filtered and washed on 

the filter with 10 ml. of water and 15 ml. of ehloroform. When dry, 

0.96 g. (72% based an the amount of 2,2-dibromo-1,3-indandione used) 

of 3-carboxy-1-(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, betaine 

was obtained. It was purified by three recrystallizations from isoamyl 

alcohol and melted at 317° with decomposition. 

Anal. Cale. for C15H9N04: C, 67.41; H, 3.4; N, 5.24% 

Found: C, 67.46; H, 3.81; N, 4.72% 

2-CarboxY-1-(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, 

be taine 

A sample of 2,2-dibromo-1,3-indandione (0.76 g., 2.5 millirnoles) 

was allowed to react with 2 g. of 2-pyridinecarboxylic acid in 30 ml. of 

boiling n-butanol (b.p. 117-118°) for 3 hours. Then the butanol was 

removed by distillation under reduced pressure. A so1id residue was 

1eft which, after extraction with 8 ml. of boiling water to remove the 

excess of 2-pyridinecarboxylic aeid, was dried in vacuo and recrystal1ized 

several times from n-butanol. A yie1d of 0.18 g. (27% based on the arnount 

of 2,2-dibromo-1,3-indandione used) of 2-carboxy-1-(3-hydroxy-1-oxo-2-

indeny1)pyridinium hydroxide, betaine, m.p. 312° with decomposition, was 

obtained. 

Anal. Cale. for ~5 H9No 4: 

Found: 

C, 67.41; H, 3.4; N, 5.24% 

C, 67.05; H, 3 .67; N, 4.92% 



Oxidation of l-(3-hydroxy-l-oxo-2-indenyl)4-methylpyridinium 

hydro.xide. betaine "'i. th potassium permanganate 

1.45. 

A suspension of 0.1 g. of l-(3-hydroxy-l-oxo-2-indenyl)4-meth­

ylpyridinium hydroxide, betaine in 2 ml. of water was placed in a 10 ml. 

round-bottomed flask \<Ji th a ground glass joint, and treated w:i_ th 2 ml. 

oi' lN sodium hydroxide solution. Three millilitres of a saturated 

aqueous solution of potassium pennanganate was added to this mixture. 

Then a reflux condenser was attached to the flaSk and the latter immersed 

in an oil bath maintained at 105°. The contents of the flask were refluxed 

gently for 20 minutes, after vlhich the reaction mixture was cooled, the 

excess permanganate destroyed wi th soditmJ. hydrosulphite solution, and 

the manganese oxide filtered off. The basic filtrate, upon acidification 

with 2N sulphuric acid, deposited 0.3 g. (43%) of c~Jde phthalic acid. 

After recrystallization from water the substance melted at 206° and showed 

no depression in a mixed melting point determination with an authentic 

sample of phthalic acid. 

Attempted oxidation of 1-(3-hydroxy-l-oxo-2-indenyl)4-methyl­

pyridinium Iwdroxide, betair.e w:! th alkaline hydrogen perœdde 

solution 

In a 10 ~. Erlenmeyer flask was placed a suspension of l-(3-

hydroxy-l-oxo-2-indenyl)4-methylpyridinium hydroxide, betaine in 4 ml. 

of a 0.4N sodium hydroxide solution containing 10% hydrogen peroxide. 

The reaction mixture was kept at room temperature and shaken by means of 

a mechanical shaker for 24 hours. Then after the suspension had been 

made acid to litmus with dilute (lN) sulphuric acid, l-(3-hydroxy-l-oxo-

2-indenyl)4-methylpyridinium hydroxide, betaine was recovered quantitatively. 
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Subsequently, the reaction was carried out ~sing an alkaline solution 

containing JO% hydrogen peroxide instead of 10%, and the same result was 

obtained. Attempts to oxidize by the above procedure the betaines of 

the 1,3-indandione series obtained from p,yridinecarboxylic acids and 

3-methylpyridine also ended in failure. 

2-Bromo-5.5-dimethyl-l,J-cyclohexanedione 

This compound was prepared acccrding to the directions of 

Voitila (167), and Blout and his collaborators (16E5). To a suspension of 

1.4 g. (0.01 mole) of Eastman Kodak 5,5-dimethyl-1,3-~clohexanedione 

and 1.96 g. (0.022 mole) of potassium acetate in 20m1. of glacial acetic 

acid a solution of 3.2 g. (0.002 mole) of bromine in 100 ml. of glacial 

acetic acid was added dropwise at roam temperature with vigorous stirring. 

The reaction mixture was allowed to stand at room temperature for one 

hour and then 200 ml. of ether was added. As a result of this addition 

the potassium salts precipitated at once and were separated by filtration. 

The filtrate was evaporated to dr,yness under reduced pressure. A residue 

remained which after recrystallization from 40% aqueous alcohol gave 1 .49 

(6E5%) of 2-bromo-5,5-dimethyl-l,J-c,vclohexanedione melting at 175Q. The 

m.p. reported in the literature was 175° (16e ). 

2, 2-Dibromo-5,5-dimethyl-1,3-gvcl ohexanedione 

2,2-Dibromo-5,5-dimethyl-1,3-cyclohexanedione was prepared 

according to the procedure of Blout &~d his collaborators (16E5). Bromine 

(6.4 g., 0.04 mole ) was dissolved in 200 ml. of glacial acet i c acid and 

added dropwise t o a suspension of 1.4 g. (0.01 mole) of 5,5-dimethyl-1,3-

cyclohexanedione in 15 ml. of glacial acetic acid 'Which contained J. 9 g. 
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( 0.04 mole) of pota.ssi mn acetate. When one third of the bromine soluticn 

had been added, the reaction mixture became yellow in colour. Upon 

completion of tb.e bromine addition the reaction mixture was allowed to 

stand for one hour with occasional shaking. Ether (300 ml.) was added 

and the potassium salts (bromide and acetate) which precipitated at 

once, were collected on a filter. The filtrate was evaporated to ~ness 

under reduced pressure, leaving a white solid residue which was recrystall­

ized from 40% aqueous ethanol and melted at 150-151°. The yield was 1.61 g. 

(54%). The reported m.p. for 2,2-dibromo-5,5-dimethyl-1,3-cyclohexanedione 

was 150.5-151 o (168). 

Attempted reaction of 2-bromo-5,5-dimethyl-1,3-qyclohexanedione 

with pyridine 

To a solution of 0.55 g. (0.0025 mole) of 2-bromo-5,5-dimethyl-1, 

3-cyclohexanedione in 4 ml. of ethanol was added 2 ml. of pyridine. The 

solution was refluxed for 45 minutes during which time the reaction 

mixture became yellow. This colour did not deepen on continued heating. 

The solution '\'ras allowed to cool to room temperature and then was diluted 

with 6 ml. of water. The unreacted 2-bromo-5,5-dimethyl-1,3-cyclohexane­

dione precipitated quantitatively and was collected on the filter. It 

was identified by its m.p. arxl. the fact that it liberated iodine from 

potassium iodide. The filtrate was extracted with ether (25 ml.) and 

when the ether was distilled off from this extract pyridine was recovered. 

Reaction of 2,2-dibromo-5,5-dimethyl-1,3-gyclohexanedione with 

pyridine 

In a 10~1. two-necked, round-bottomed flask equipped with a 
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reflux condenser and a nitrogen inlet tube was pléi.ced a sazr.ple of 0.6 g. 

(0,002 mole) of 2,2-dibromo-5,5-dimethyl-1,3-cyclohexanedione. A solution 

of 1 ml. of pyridine in 5 ml. of ethanol was added and a slow stream of 

nitrogen was passed through the contents of the flask for 15 minutes. 

Then the reaction mixture was refluxed on a steam bath in a nitrogen 

atmosphere for 25 minutes. The initi~ yellow colour of the reaction 

mixture deepened during the refluxing. The hot mixture wa.s transferred 

~lickly to a Claisen flask, into which nitrogen was passed through a 

capillary tube attached to the flask. The ethanol and unreacted pyridine 

were removed under reduced pressure leaving a dark red oil which could not 

be crystallized. This oil was very soluble in the lower members of the 

alcohol series and in chloroform, but was practically insoluble in ether 

and wcter. Addition of ether or ether nonpolar solvents to an alcoholic 

solution of the reaction product brought about its immediate precipitation, 

but in the form of an oil. A similar result was obtained on the addition 

of a strongly polar solvent such as water, formamide, dimethylformamide. 

Oily, deep-coloured materials also were obtained When 2-, 3-, and 4-meth­

ylpyridines were allowed to re act wi th 2,2-dibromo-5, .5-d.imethyl-1,3-cyclo­

hexanedione. 

Reaction of 2 ,2-dibromo-5,5-dimethyl-1,3-~rclohexanedione with 

3-Pyridinecarboxylic acid 

2,2-Dibromo-5,5-dimethyl-1,3-cyclohexanedione (0.6 g., 0.002 

mole) was added in one portion to a suspension of 1.23 g. (0.01 mole) 

of 3-pyridinecarboxylic acid in 5 ml. of isoamyl alcohol. The yellow 

reaction mixture thus obtained was refluxed for 4 hours. Both reactants 

passed completely into solution and the colour deepened éi.S the refluxing 
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-vras continued. The solution was treated vdth 5 ml. of 2N hydrochloric 

acid and the isoamyl alcohol layer separated. The latter was washed with 

10 ml. of vrater in two portions, dried over anhydrous potassiuxn carbonate 

and distilled under reduced pressure in a nitrogen atmosphere. The oily 

residue could not be C~Jstallized. 



Reactions of cX-bromo-ketosteroids with pyridine bases 

1-(3-oxo-2-cholestanyl)pyridi nium bromide 

The Sj~thesis of 1-(3-oxo-2-cholestanyl)pyridinium bromide 

involved the following steps: 

1. Preparation of cholestanol by hydrogenation of the olefinic double 

bond of cholesterol. 

2. OJ\;idation of cholestanol to 3-cholestancne. 

3. Bromination of 3-cholestanone ta 2~ -bromo-3-cholestanone. 
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4. Reaction of 20( -bromo-3-cholestanone with pyridine to give 1-(3-oxo-2-

cholestanyl)pyridinium bromide. 

Cholestanol 

The hydrogenation of cholesterol to ch ole stanol .-ras carried 

out according to directions of Hershberg (193). Ca:mmercial cholesterol 

obtained from Brickman Co. was used after purificati on by the classical 

bromination-debromination procedure of Fieser (194). The overall yield 

of pure cholestanol was 78%. The hydrogenation of cholesterol was accom­

plished as follows: 

In the r eduction flask of a PARR low pressur e hydrogenation apparatus was 

placed 19.33 g . (0.05 mole) of cholesterol, 0.4 g. of platinic oxide 

prepared according to the pr ocedure descri bed in Organic Synthe ses (195) 

and. 250 ml. of c. p. ethyl acet at e . Four drops of 72% perchloric aci d 

were added and the reduction flask \>Tas evacuated and connected to the 

hydrogen tank of the apparatus. The flask was nu shed out sever al times 

~ith hydrogen and heated up ta 50° by mear.s of an elect r i c resis t ance 

heater. Initially t he pressure in the flask connected to t he tank was 

18 lb./sq.in. The heater was tcrned off and the flask was shaken mechan-
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icru.ly for 20 minutes. During this time the temperature of the reaction 

m.Dcture was maintained between 45° and ljJ 0 by the heat evolved from the 

exothermic reaction of hydrogenation. Absorption of the theoretical 

a~ount of hydrogen usually required 15 to 20 minutes. After disconnecting 

the flask from the tank of the hydrogenation apparatus, the hydrogen was 

removed from the flask by suction (water aspirator) and replaced by nit­

rogen. Then the flask was shaken for 5 minutes, so that the catalyst 

coagulated. The latter was separated by filtration. The filtrate after 

standing in the refrigerator overnight yielded a first crop of cholestanol 

which was collected by filtration. The filtrate from the latter filtration 

was evaporated to dryness under reduced pressure and the residue recryst­

allized from 250 ml. of boiling methanol in the presence of a small amount 

of Norit (0.25 g.). The total yield of cholestanol m.p. 139-140° was 16.9 

g. (87%). The m.p. reported for cholestanol was 139-141° (193). 

3-Cholestanone 

3-Cholestanone '"as prepared according to the procedure of Vavon 

and Jakubowicz (196) as modified by Fieser and Dominguez (197). To a 

stirred suspension of 13.05 g. of chole stanol in 78 ml. of glacial acetic 

acid was added a hot solution of 13.5 g. of sodium dichromate dihydrate. 

The reaction mixture was heated on the steam bath for 15 minutes and all­

owed ta stand at room temperature overnight. Then water (10 ml.) was 

added and the mixture filtered with suction. The 3-cholestanone which 

collected on the filter was washed thoroughly with water (150 ml.), then 

dried in vacuo at 56° for 24 hours. It 1ms recrystallized from a mixture 

of ethanol-acetone in the proportion 4:1. The yield was 9.6 g. (74%), 

m.p. 127-128°. The m.p. reported for 3-cholestanone was 127-128° (197). 
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2o<:-Bromo-3-cholestanone 

2 c(-Bromo-3-chole stan one was prepared according to the procedure 

described by Butenandt and Wolff (123). A solution of 7.73 g. (0.02 mole) 

of 3-cholestanone in 310 ml. of glacial acetic acid was placed in a 500 

ml. Erlenmeyer flask. To this solution was added 2 ml. of a saturated 

solution of d~ hydrogen bromide (prepared by bromination of tetralin (198)) 

in glacial acetic acid. The flask was immersed in an ice bath until its 

contents had cooled to a temperature of 16°. Then, 18.5 ml. of a bromine 

solution (1.05 molarity) in acetic acid was added to the flask with occas­

ional shaking. The reaction wixture was kept at a temperat~e between 15° 

and 20° for 10 minutes and then allowed to stand at room tem:r;erature for 

12 hours. The solid material which separated was collected on a filter. 

This crude product, after recrystallization from chloroform-acetic acid, 

gave 8.5 g. (91%) of 2o( -bromo-3-cholestanone, m.p. 169°. The m.p. rep­

orted for 2 o( -bromo-3-cholesta."lone was 169-170° (123). 

1-(3-0xo-2-cholestapyl)pyridinium bromide 

The procedure outlined by Ruzicka and his collaborators (125) 

was followed with sorne modifications. To a 50 ml. two-necked, round­

bottomed flask equipped with a nitrogen inlet tube, and a reflux condenser 

protected with a calcium chloride d~ing tube, was added a solution of 7 g. 

( 0. 015 mole) of 2 CX -bromo-3-chole stan one in 34 ml. of dry pyridine • The 

flask was placed in an oil bath and a slOV/ stream of dry nitrogen was passed 

through the flask during the reaction. The clear solution was heated to 

the reflux temperature, and after 10 minutes a solid material separated 

rapidly. After the reaction mixture had been refluxed for 2 hours, it was 

allowed to cool to room teP.J.perature, and filtered with suction. The solid 
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material ~mich remained on the filter was washed thoroughly with three 

25-ml. portions of petroluem ether (b.p. 60-90°), and dried. The cr~de 

product after recrystallization from ethanol gave 6.2 g. (76%) of 1-(3-

oxo-2-cholestanyl)pyridinium bromide, m.p. 310° (decomp.). The m.p. 

reported for the latter compound was 310° with decomposition (125). 

Attemuted synthesis of 1-(3-hydroxy-2-cholesten-2-yl)pyridinium hydroxide, 

be taine 

(i) Reaction of 1-(3-oxo-2-cholestanyl)pyridinium bromide with potassium 

carbonate in chlorofonn 

1-(3-0xo-2-cholestanyl)pyridinium bromide (1 g., 0.018 mole) 

was dissolved in 10 ml. of dry chloroform and placed in a 25 ml. Grignard 

flask fitted with a mercury sealed stirrer, reflux condenser and nitrogen 

inlet tube. While dry nitrogen was being passed through the flask 1 g. of 

anhydrous potassium carbonate was added to the solution with stirring. The 

mixture turned yellaw imiT,ediately and as the reaction proceeded the colour 

deepened. After being stirred for one hour at room temperature the reaction 

mixture was refluxed for 5 minutes. Then it was cooled and filtered. The 

salts Which remained on the filter were washed thoroughly with 30 ml. of 

chlorofonn. The filtrate and washings were combined and evaporated to 

dryness by blowing dry nitrogen into the coloured solution. An orange­

yellow oil remained which did not crystallize. Elementa.I"'J analysis of 

this oil showed that nitrogen was present but bromine was not. Apparently 

elimination of hydrogen bromide from 1-(3-oxo-2-cholestanyl)pyridinium 

bromide had occurred since anicnic bromine was detected in the potassium 

salts \'lhich remained on the filter. The oil photodecomposed gra.dually and 

was sensitive to heat. On exposing it to light or he at pyridine which could 



be detected by its odeur, was liberated. This decomposition resulted 

in a graduai disappearance of the colour of the oil. vlhen the latter 

was treated with a few drops of ethanol, and 2N hydrobromic acid was 

added droJn·tise, 1-{3-oxo-2-cholestanyl)pyridinium bromide, m.p. 310°, 

was recovered. A mixed mel ting point determination -.,.1_ th an authentic 

samp1e of 1-{3-oxo-2-cho1estanyl)pyridinium bromide did not show any 

depression of the m.p. On treatment ~dth perchloric acid the oi1 gave 

a salt which me1ted at 302-303° with decomposition. 
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(ii) Procedure (i) •·ms fo1lowed except that 1-(3-oxo-2-cho1estanyl) 

pyridinium bromide was suspended in alcohol or water i~stead of in dr,y 

chloroform. Upon treatment of this suspension with various basic compounds 

sv.ch as potassium carbonate, potassium hydroxide, sodium hydroxide, sodium 

carbonate, quanidine carbonate and ammonia, a dark red oi1 always was 

obtained. This oil which did not crystallize possessed a tendency to 

form films, and showed the same characteristics as the oi1 obtained from 

the reaction of potassium carbonate and 1-(3-oxo-2-cholestanyl)pyridinium 

bromide in chloroform solution. 

(iii) Reaction of 1-(3-oxo-2-cholestanyl)pyridinium bromide with piperidine 

In a 10 ml. Erlenmeyer flask 6 ml. of piperidine and 1.09 g. of 

1-(3-oxo-2-cho1estany1)pyridinium bromide (0.002 mole) were placed. The 

?Jridinium salt dissolved immediately in the piperidine to form a red 

solution. As the co1our of this solution deepened a precipitate separated. 

After standing for ha1f an hour the reaction mixture was cooled to oo and 

filtered. The solid material remaining on the fil ter was washed with 2 ml. 

of piperidine and dried in a vacuum desiccator. It was a very hygroscopie 
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substance and liberated piperidine upon treatment with 5% sodium hydroxide. 

~~~n silver nitrate was added to an aqueous solution of the compound, silver 

bromide precipitated. These experimental facts shawed that the substance 

was piperidine hydrobromide. The amount of dr,y piperidine hydrobromide 

obtained was 0.31 g. (93.5%). Similar results were obtained when morphol­

ine was used instead of piperidine in the above experimental procedure. 

1-(3-Hydroxy-2-cholesten-2-yl)pyridinium hydroxide, betaine 

In a 25 ml. three-necked flask equipped with a dropping funnel, 

mechanical stirrer and reflux condenser, a sample of 0.54 g. (0.001 mole) 

of 1-(3-oxo-2-cholestanyl)pyridinium bromide was suspended in 3 ml. of 

alcohol. A stream of nitro6en was passed over the surface of the solution 

during the reaction by means of a glass tube which extended through the 

condenser. The heterogeneous reaction mixture was stirred and maintained 

at the reflux temperature while a 25% aqueous solution of dimethylamine 

was added dropwise. Gradually the unreacted 1-(3-oxo-2-cholestanyl)pyri­

dinium bromide and the 1-(3-hydroxy-2-cholesten-2-yl)pyridinium hydroxide, 

betaine which was being formed passed into solution. Addition of the di­

methylamine solution at the reflux temperature was continued until the 

yellow solution had become turbid. Then the reaction flask was surrounded 

with cotton so that its contents would cool to roam temperature very slowly. 

The pyridinium betaine separated in fine yellow needles which turned orange­

red when dry. Recrystollization from alcohol and aqueous (25%) dimethylamine 

in a nitrogen atmosphere gave 0.29 g. (63%) of 1-(3-hydroxy-2-cholesten-2-yl) 

pyridinium hydroxide, betaine which melted at 169° with decomposition. 

An analytical sample was dried in vacuo (Abderhalden drying pistol) 

over phosphorus pentoxide at 34° for 72 hours in the dark. If the sample 



was heated at 78°, it decomposed. 

Anal. Cale. for C32H49NO: 

Found: 

N, 3.02% 

N, 3.1~~ 

l-(3-0xo-2-cholestanyl)4-methylpyridinium bramide 
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2~-Bromo-3-cholestanone (4.65 g., 0.01 mole) and 15 ml. of dr,y 

4~ethylpyridine were added ta a 25 ml. round-bottomed flask which was 

provided with a reflux condenser protected with a calcium chloride drying 

tube. The flask was placed in an ail bath. After a few minutes refluxing 

a solid material deposited from the clear solution. The refluxing was 

continued for 4 hours and then the reaction mixture was allowed to cool to 

room tenperature. The solid material which had separated was collected 

on a filter, washed with petroleum ether and dried. After recrystallization 

from hot acetic acid, it gave 3.7 g. (66%) of shiny colourless prisms of 

l-(3-oxo-2-cholestanyl)4-methylpyridinium bromide melting at 316° with 

decomposition. 

Anal. Cale. for C33H52BrNO: C, 70.95; H, 9.36; N, 2.5% 

Found: C, 71.35; H, 9.57; N, 2.75% 

l-(3-Hydroxy-2-cholesten-2-yl)4-methylpyr.idinium hydroxide, betaine 

To a stirred suspension of 1 g. of bnhydrous c.p. potassium 

carbonate in 10 ml. of dry chloroform was added 0.28 g. (0.005 mole) of 

l-(3-oxo-2-cholestanyl)4-~ethylpyridinium bromide. The colour of the 

mixture turned orange-red immediately and deepened as the elimination of 

hydrogen bromide and the betainization of l-(3-oxo-2-cholestanyl)4-methyl­

p,yridinium bromide proceeded. The reaction mixture was r efluxed gently 

for 5 minutes in a dry nitrogen atrnosphere. Then it was cooled to 0° and 
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filtered. The inorganic salts which collected on the filter were washed 

with two 5-ml. portions of chloroform. These washings were combined with 

the filtrate and evaporated to d~ness by blowing dry nitrogen through the 

solution. After drying the residue in vacuo, at 34°, in the dark for 72 

hours, 0.19 g. (79.5%) of l-(3-hydroxy-2-cholesten-2-yl)4-methylpyridinium 

hydroxide, betaine was obtained. Although the substance softened above 

100° it had an indefinite melting point. 

Anal. Cale. for C33H51NO: N, 2.93% 

Found: N, 2.92% 

A sample of 50 mg. of l-(3-hydroxy-2-cholesten-2-yl)4-methylpyri­

dinium hydroxide, be taine \'Tas suspended in 3 ml. of aqueous ethanol (40%). 

When this &~spension of the coloured compound was treated ~~th 1 ml. of 

2N hydrobromic acid, l-(3-oxo-2-cholestanyl)4-methylpyridinium bromide, 

m.p. 316° with decomposition was obtained. The latter compounl did not 

show any depression of the m.p. when mixed with an authentic sample of 

l-(3-oxo-2-cholestanyl)4-methylpyridinium bromide. When 3% perchloric 

acid ïvas added to a suspension of the betaine in water, a white crystalline 

substance separated at once. It melted at 312-314° with decomposition and 

was l-(3-oxo-2-cholestanyl)4-methylpyridinium perchlorate. l-(3-Hydroxy-2-

cholesten-2-yl)4-methylpyridinium hydroxide, betaine was dissolved in chloro­

form, and the red solution obtained was treated with a 1% solution of chlor­

anil in chlorofonn. No colour reaction was ob sGrved. 

l-(3-Cb~o-2-chclestanyl)3-methylpyridinium bromide 

The reaction mixture of 2.33 g. (0 .005 mole) of 2 OC-bromo-3-

cholestanone and 6 ml. of d~J 3-methylpyridine was refluxed for 5 hours, 

with atmospheric moisture being excluded by means of a calcium chloride 
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d~ing tube attached to the reflux condenser. After being cooled, the 

mixture was filtered vr.ith suction (water aspirator). The solid material 

remaL~ing on the filter was washed with 30 ml. of petroleum ether (b.p. 

60-90o), then dried and recrystallized from a mixture of acetic acid and 

water in the proportion 2:3. A yield of 1.8 g. (64%) of l-(3-oxo-2-choles­

tar.yl)3~ethylpyridinium bromide, m.p. 314° (decomp.), was obtained. 

l-(J-RydroJcy-2-cholesten-2-yl)3-methylpyridinium hydroxide, betaine 

To a 25 ml. Grignard f1ask which contained 0.28 g. (0.5 milli­

mole) of 1-(3-oxo-2-cholestanyl)J-methylpyridinium bromide, and llas fitted 

,.,ith a mercury sealed stirrer, reflux condenser and nitrogen inlet tube, 

were added 1 g. of c.p. anhydrous potassium carbonate and 10 ml. of chloro­

form. The suspension turned yellow irnmediately and the colour deepened 

as the reaction mixture was refluxed gently for 5 minutes in a stream of 

dry nitrogen. Then the mixture 1>1as filtered and the salts remaining on 

the filter washed thoroughly with 30 ml. of chloroform. The coloured 

filtrate and washings were combined and ev.:1porated to dryne ss by blowing 

dry nitrogen into the solution. An orange-yellow residue was left and 

this was dissolved in 10 ml. of chlorofor.m and filtered. After evaporation 

of the chloroform from the filtrate in a stream of nitrogen, 0.17 g. (71%) 

of 1-(3-hydroxy-2-cholesten-2-yl)J-methylpyridinium hydroy~de, betaine was 

obtained. Although this substance softened at 128°, i t did not melt at a 

definite temperature but gradually decomposed. The electronic absorption 

specti'I.1lll of this betaine was similar to those of the corresponding betaines 

of pyridine and 4-methylpyridine. 

Anal. Cale. for C33H51NO: 

Found: 

N, 2.93% 

n, 2.74% 
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Reaction of 2 o(-bromo-3-cholestanone with 2-nethylpyridine 

A mixture of 10 ml. of dry 2-methylpyridine ~d 2.33 g. (0.005 

mole) of 2 0( -bromo-3-cholestanone was placed in a 25 nù. three-necked 

flask fitted •-lith a nitrogen inlet tube and reflux condenser. A ren.ovable 

glass stopper was inserted in the third neck of the flask. The reaction 

mixture was refluxed for 5 hours but no volum:inous precipitate was obtained 

cither at the beginning or during the reflux period. Several samples were 

taken by means of a micropipette at different time intervals. No pronaunced 

change :in colour was observed when these samples were added to dilute 

alkaline solutions. The excess of 2-methylpyridine was remoyed from t he 

reaction mixture in a stream of nitrogen unier reduced pressure. Then the 

residue was transferred t o an all glass sublimation apparatus immersed in 

an oil bath. A wb.ite substance sublimed at 125-130° under 1-2 mm. pressure 

which was extremely soluble in water and formed a picrate easily, when the 

sublimate was added to 20 ml. of a saturated alcoholic solution of picric 

acid. This solution was heated to boiling and allowed to cool slowly. The 

picrate Which deposited was collected on a filter. After one recrystalliz­

ation from boiling ethanol, 1.3 g. (81%) of long bright yellow needles of 

the picra t e of 2-methyl pyridine , m.p. 165°, vlas obtaine d. A mixed m.p. 

determination with an authentic picrate of 2-me thylpyridine did not show 

any depression of the melting point. In addition t he pre sence of anionic 

bromi ne in t he sublimat e shov;ed that i t was 2-methylpyridine hydrobromide . 

7 CX -Bromochole stane-3 ~ , 59( -diol-6-one 3-acetate 

7r:/. -Bromocholestane-3 ~ , 50( -diol-6-one 3-acetate was prepared 

in a 1+7% overall yield a ccording to the procedure of Fie se r and Raj agopalan 

(176). This synthe sis involved the follm·.'ing steps: 

1. Cholesterol, after short heating vlith 88% formic acid, gave chole stcryl 
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formate. This was transformed into cholestane-3~ ,50( ,6 ~-triol by oxid­

ation with 30% hydrogen peroxide. Subsequently the ester group at 3 

position of the steroid molecule was hydrolyzed. 

2. Chole stane-3 #,50( ,6 P -triol then was oxidized with an excess of N-bromo­

succi~de in aqueous 1,4-dioxane to cholestane-3 fJ, 5()( -d.iol-6-one. 

3. This diolone was partially acetylated to chole stane-3~, 50< -diol-6-one 

3-acetate by a short refluxing v.rith acetic mJ.hydride and a few drops of 

pyridine. 

4. Bromination of cholestane-3 f ,50( -diol-6-one 3-acetate in acetic acid 

solution with a solution of boron fluoride in ether as catalyst, yielded 

7 o<-bromochole stane-3 ~ , 5 ()( -diol-6-one 3-acetate. 

Reaction of 7o<'-bromocholestél.Ile-3@ , 5lX -diol-6-one 3-acetate with pyridine 

A sample of 4{)0 mg. of 7o<'-bromocholestane-3~ ,50( -diol-6-one 

3-acet ate was dissolved i n 3 ml. of dry pyridine and heated to the reflux 

temperature in a dry nitrogen atmosphere. At one hour intervals during 

the refluxing period one drop of solution was taken out of the reaction 

mixture by means of a micropipette and added ta one ml. of saturated alcoh-

ol i c sol uti on of pota ssium hydroxide. Subsequently ethe r basic solutions, 

such as aqueous 1% potassium carbonate, 25% aqueous dimethylamine and amm­

onia , were substituted for t he alcoholic potassium hydroxide. In none of 

the se cases was a pronounced change in t he colour of t he basic solution 

observed. The refluxing was continued, but the voluminous precipitate of 

pyridinium salt which had been expected did not separate from the reaction 

mixture.When sampl es of t he latter were t reated with wat er, a white ste r-

oidal compound separated at once Which, after being dried, was found to 

contai.n no nitrogen . After 48 hours refluxing, 60% aqueous ethanol was 
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added dropwise to the hot reaction mixture, until the solution becarne 

turbid. This mixture , upon cooling, deposited a "White solid material 

which melted over a wide range of temperature (152-161°). The crude 

product after recrystallization from methanol, and then from acetone­

petroleum ether gave 35 mg . of a bromine free compound m.p. 169-170°, 

'Nhich was slightly soluble in alkalies as the compound X of Fieser (176). 

The filtrates \vere evaporated to dryness and upon sublimation gave B4 mg. 

(71%) of pyridine hydrobromidc melting at 217°. 

1 
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4=Carbobenzgylmethoxy-1-(phenagyl)pyridinium bramide 

A mixture of 3. 98 g. (). 02 mole) of 2-bromo-acetophenone, 

1.23 g. (0.01 mole) of 4-pyridinecarboJcylic acid and 40 ml. of ethanol 

was refluxed for 5 hours. After standing overnight at roan temperature, 

the reaction mixture was filtered with suction and the solid material 

which remsined on the filter was dried. This crude product gave a positive 

test for anionic bromine in contrast with 2-bramo-acetophenone Which did 

not. The reaction prcxiuct was white initially but upon standing in air it 

turned yellow and gave off a sweet odour similar to that of benzaldehyde. 

After recrystallization from ethanol 3. 7 g. (84.3%) of 4-carbobenzoyl.tœth­

o:xy-1-(phenacyl)pyridinium bromide, "Which darkened at about 180• and melted 

at 242• with decomposition, was obtained. 

Anal. Cale. for C22H18BrN04: Br, 18.18% 

Found: Br, 17.94%. 

4-Carbobenzo;y1metho.:x;y-l-(phenacyl )pyridinium hydrox:ide, be taine 

To a stirred suspension of 2.2 g. (0.005 mole) of 4-carboben­

zoylmethoxy-1-(phenacyl)pyridinium bromide in 25 ml. of ethanoJ,, at 0°, 

15 ml. of 5% a.queous ammonia was added dropwise over a period of ten 

minutes. This deep red heterogene oua mixture was stirred for twenty 

minutes and fi1tered. The red solid material separated by the filtration 

was dried in vacno and then recrystallized as quickly as possible from 

ab solute alcohol. After drying in vacuo over phosphorus pento.xide, at 

34•, in the dark, for 48 hours 1.3 g. (73%) of 4-carbobenzoylmethoxy-1-

(phenacyl)pyridinium. hydroxide, betaine melting at 152• with decomposition 

was obtained. 

Anal. Cale. for C22H17N04: N, 3.90% 
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Found: N, 3.96% 

Alkaline c1eavage of 4-carbobenzoylmethoxy-l-(phenacy1)pyridinium 

hydroxide, betaine 

To 10 ml. of a 10% aqueous potassium carbonate was added 0.5 g. 

of 4-carbobenzoylmethoxh-1-(phenacyl)pyridinium hydroxide, betaine. This 

deep red mixture was refluxed for 2 hours and as the alkaline cleavage of 

the betaine proceeded the intense colour gradually decreased and the adour 

of benzaldehyde was detected. Finally the solution remained slightly yellow. 

After coo1ing it was acidified with 2N hydroch1oric acid and benzoic acid 

separated immediately. The latter was removed by filtration w'ith suction. 

When paper chramatography of the filtrate was carried out according to the 

procedure of Huebner (179) there was a strong spot on the paper strip 

(Whatman paper No. 1) due to the presence of 4-pyridinecarboxy1ic acid. 

3-Carbobenzoylmethoxy-l-(phenacyl)uyridinium bromide 

3-Carbobenzoylmethoxy-1-(phenacyl)pyridinium bromide was prepared 

by ref1uxing together 3.98 g. (0.02 mole) of 2-bromo-acetophenone, 1.23 g. 

of 3-pyridinecarboxy1ic acid and 30ml. of ethanol for 6 hours. The 

reaction mixture was cooled and then fi1tered v-Ji th suc ti on. The so1id 

materia1 which collected on the filter was recrystallized from ethanol 

and yielded 2.9 g. (66%) of 3-carbobenzoylmethoxy-1-(phenacyl)pyridinium 

bromide melting at 218° with decomposition. 

Anal. Cale. for C22H18BrN04: 

Found: 

N, 3.18% 

N, 3.07% 
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3-Carbobenzoylmethoxy-l-(phenacyl)pyridinium. hydroxide, betaine 

To a suspension of 4.4 g. (0.01 mole) of 3-carbobenzoylmethoxy-

1-(phenacyl)pyridinium bromide and 15 ml. of water, 40 ml. of 10% aqueous 

guanidine carbonate was added dropwise \d th stirring at 0° • As soon as 

the first drops of base had been added the mixture turned yellow then upon 

continued addition, a voluminous amorphous ye1low precipitate separated 

and was accompanied by an evolution of carbon dioxide. After being stirred 

for 10 minutes at oo, the reaction mixture was filtered with suction. The 

yellow solid material thus Obtained was dried in a vacuum desiccator in 

the dark. The concentrated effort to crystallize this substance was unsucc­

essful. The compound separated as an amorphous aggregate from numerous 

solvents. Upor. being heated in r.n aven at 100-105° for one hour, it dark­

ened and lost 9% of its weight. This loss of weight was due to the elim­

ination of 2 molecules of water from each hydrated molecule of the betaine. 

The inner salt underwent alkaline cleavage when the procedure described for 

the alkaline cleavage of 4-carbobenzoylmethoxy-1-(phenacyl)pyridinium hydro­

xide, bet~ne was carried out. The products of this fission upon acidific­

ation were benzoic acid and 3-pyridinecarbo:xylic acid. The yield of 3-car­

bobenzoylmethoxy-1-(phenacyl)pyridinium hydroxide, betaine, m.p. 132° with 

decomposition, was 1.3 g. (33%). An analytical sample was dried at 34°, 

in the dark, for 4B hours in an Abderhalden pisto1. 

Anal. Cale. for C22H17N04, 2H20: N, 3.54%, H20, 9.11% 

Found: N, 3.60%, H20, 9.0% 

4-Carbomcthoxy-1-(p-bromo-phenacyl)pyridinium bromide 

4-Carbometho:xy-1-(p-bromo-phenacyl)pyridinium bromide was obtained 

from the reaction of methyl 4-pyridinecarboxylate with 2,4 1-dibromo-aceto-
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phenone. To prepare methyl 4-pyridineca.rboxylate, 4-pyridineearbo:xylic 

a.cid wa.s esterified by a.bsolute methanol in concentra.ted allphuric a.cid 

a.ccording to the procedure of Levine and Sneed (199). The yield of methyl 

4-pyridineca.rbo.xyla.te in this case was 82%. The 2,4'-dibromo-acetophenone 

used was obtained from Eastman Kodak Co. 

A mixture of 1.37 g. (0.01 mole) of methyl 4-pyridinecarbo:xyla.te, 

2.78 g. (0.01 mole) of 2,41-dibromo-acetophenone, and 20 ml. of a.bsolute 

ethanol was refluxed for 3 hours in a 50 ml. round-bottomed flask equipped 

with a reflux condenser which was protected b,y a calcium chloride drying 
· ' 

tube. Upon cooling, yellawish needles of 4-carbomethoxy-l{p-bromo-phena.cyl) 

pyridinif bromide crystallized from the reaction mixture. This crude product 

was sepa.Ifa.ted by filtration and washed with 10 ml. of ethanol. The filtrate 

a.rd washings were evapora.ted to dryness giving an additional qua.ntity of the 

compound. This was combined with tha.t previously coll.ected, and recrystall­

ized from ethanol. A yield of 4 g. (96.4%) of 4-ca.rboœtho:xy-l{p-bromo-phen­

acyl)pyridinium bromide melting at 216• with decomposition wa.s obtained. 

Anal. Cale. for C15H13Br2N03: Anionic Br, 19.30% 

Foum : Anionic Br, 19.14%. 

4-Ca.rbomethox.y-14-bromo-phena.cyl )pyridinium hYdro:xide, be taine 

In a flask equipped with a dropping .t'unnel and reflux condenser 

were placed 2.1 g. (0.005 mole) of 4-carbametho:xy-1-(p-bromo-phenac,rl) 

pyridinium bromide and 25 ml. of ethanol. After a short period of ref1u:xing 

the pyridinium salt pa.ssed into solution and then 5 ml. of a 10% aqueous 

anm.onia was added dropwise. The 4-carbometho:xy-1-(p-bromo-phena.cy1)pyridin-

ium lzydroxide, betame separated at once. It was recrysta1.1ized from a 

mixture of chloroform. and ether and me1ted at 171• w.i. th decomposition. 



Yield: 1.23 g., 73.6%. 

Anal. Cale. for C15H12BrN03: C, 53.91; H, 3.62; N, 4.19% 

Found: C, 54.34; H, 3.59; N, 3.S9% 
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Alkaline cleavage of 4-carbomethoxy-l-(p=bromo-phenacy1)pyridinium 

hydroxide, betaine 

In a 25 ml. round-bottomed flask equipped with a reflux condenser 

was p1aced 0.5 g. of 4-carbometho:xy-1-(p-bromo-phenacy1)pyridinium hydro.xide 

betaine and 10 ml. of 10% aqueous sodium hydro.xide. The initial dalk red 

colour of the suspension disappeared gradually during the 2 hours retlwd.ng 

and finally remained s1ight1y ye11ow. The reaction mixture was cooled and 

then treated with 6N hydroch1oric acid unti1 strongly acidic. p-Bromo-ben­

zoic acid which separated immediately, was fi1tered and dried. It melted 

at 251 o. No depression of the m. p. was observed 'Wben a mixed m. p. determin­

ation with an authentic sample of p-brano-benzoic aeid was made. The yie1d 

of p-bramo-benzoic acid was 93.3% (0.2S g.). 

To the fi1trate, an excess of freshly precipitated si1ver oxide was 

ad.ded. The si1ver oxide was obtained by treating 2 g. of silver nitrate with 

excess alkali and washing the product wi th water several. times. The filtrate 

and the si1ver oxide were refiuxed for a:> minutes, then the si1ver salts were 

filtered off. The ti1trate was dried over phosphorus pentoxide and the so1id 

residue recrystal1ized from absolute alcohol. A yield of 0.14 g. (68.2%) of 

4-carboxy- 1-metbyl pyridinium. betaine melting at 264• was obta.ined. It was 

identified by its m. p., and a mixed m. p. determination wi th an authentic 

sample of the compound • 
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1-(Carbopymethyl)gyridinium betaine 

A mixture of 17 g. (0.215 mole) of pyridine and 18.9 g. (0.2 mole) 

of monochloroacetic acid was placed in a 250 ml. Grignard flask. This 

flask was fitted with a thermometer, the bulb of which extended below the 

surface of the solution, a reflux condenser, and a nitrogen inlet tube 

which was attached to a capillary reaching the bottom of the flask. The 

upper end of the 3 foot reflux condenser was fitted with a gas tube which 

was connected to a water pump through a U-calcium chloride tube. While 

dry nitrogen was being bubbled into it, the reaction mixture was heated for 

three hours at a constant temperature of 60° under reduced pressure. 

Gradually the 1-(carboxymethyl)pyridinium chloride separated as a white 

microcrystalline mass which melted at 202-205° with decomposition. The 

yield was quantitative. The 1-(carboxymethyl)pyridinium chloride was 

refluxed for half an hour in water solution with an excess of freshly 

precipitated silver oxide. This resulted in the formation of 1-(carboxy­

methyl)pyridinium betair.e. Since the latter remained in solution, the 

excess silver oxide, and the silver chloride formed during the reaction 

were separated by filtration, and the filtrate was evaporated to a small 

volume under reduced pressure. Then it was dried in a desiccator over 

concentrated sulphuric acid. Recrystallization of the solid residue from 

abso1ute ethanol gave 19.4 g. (54%) of 1-(carbmcymethyl)pyridinium betaine 

melting at 150° ~dth partial decomposition. The m.p. reported for 1-(car­

boxymethyl)pyridinium betaine was 150° (27,29). 

1-(2-Carboxyethyl)guinolinium chloride 

A sample of 12.9 g. (0.1 mole) of freshly rédistilled quinoline 

(b.p. 237-238°) was heated with an excess of ~ -chloropropionic acid (20 g.) 
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for 6 hours at 6oo under reduced pressure (wuter pump). The crude product 

of the reaction was recrystallized several times from boiling water and 

1,4-dioxane. FinaJly a yield of 6.2 g. (27. 7%) of the compound, m. p. 242° 

with decomposition, was Obtained. The m.p. reported for 1-(2-carboxyethyl) 

quinolinium chloride was 241-243° (45). 

Anal. Cale. for C12H12C1N02: Cl, 14.94% 

Found: Cl, 14.80% 

Attempted betainization of 1-(2-carboxyethyl)guinolinium chloride 

To a solution of 1 g. of 1-(2-carboxyethyl)quinolinium chloride 

in 10 ml. of water, an excess of freshly precipitated silver axide was 

added in one portion wi th vigorous stirring. The silver oxide was obtained 

by treating 3 g. of silver nitrate with 10% sodium hydroxide and washing 

the product thoroughly witt water. The reaction mixture was stirred at 

room temperature for one half hour after Which the insoluble silver salts 

were separated by filtration. The filtrate was boiled for a few minutes 

with 0.2 g. of Norit. Then the charcoal was removed by filtration, and the 

solution evaporated to dr.yness over phosphorus pentoxide in vacuo, at 34°. 

The residue crystallized in long needles. Because it was highly hygroscopie, 

further purification was not achieved. This crude product gave 1-(2-carb­

oxyethyl)quinolinium chloride upon treatment with an excess of hydrochloric 

acid and evaporation to dr.yne ss. It <:ù so decomposed on treatment wi th 10% 

sodium hydroxide and liberated quinoline. On heating at 100° the compound 

did not undergo dehydration and subsequent betainization, but decomposed 

rapidly with liberation of quinoline. 
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2-(2-CarboxYethy1)isoguino1inium ch1oride 

2-(2-Carbo~ethy1)isoquino1inium ch1oride was obtained from the 

reaction of isoquino1ine and ~ -chJoropropionic acid under reduced pressure 

at 60°. The procedure fo11owed, was essential1y the sarne as that used for 

the s.rnthesis of 1-(2-carboxyethy1)quino1inium ch1oride. The crude product 

of the reaction after several recrystal1izations from absolute ethanol gave 

2-(2-carboxyethyl)isoquinolinium chloride. This compound melted at 208° and 

was obtained in yie1ds varying from 11 to 18%. The m.p. reported for 2-(2-

carboxyethyl)isoquinolinium chloride was 211-212° (45). 

Treatment of 2-(2-carboxyethy1)isoquinolinium chloride r.rith 

freshly precipitated silver oxide did not result in betainization but instead 

a complete decomposition of this salt with the liberation of isoquinoline 

occurred. 

Attempted reaction of cholesteryl chloride with 3-pyridinecarbox-

ylie acid 

Cho1esteryl chloride was obtained from the reaction of cholesterol 

and an excess of thiony1 ch1oride according to the procedure of Diels and 

his collaborators (200, 201) as modified recently by Baker and Squire (202). 

Pure chole steryl chloride melted at 96°. Alumina obtained fran Bri.ckman 

Co. (80 mesh) was treated with warm 10% aqueous sodium hydroxide and warm 

acetic acid, then washed with distilled water until neutral to litmus. It 

was reactivated by heating at 200° for 30 hours (203). 

Three grams of 3-pyl~dinecarbo~lic acid was added in one portion 

to a mixture of 8.1 g. (0.02 mol8) of cho1esteryl chloride and 100 ml. of 

ethanol. After being refluxed for a short time and shaken occasionally the 

r eaction mixture became a homogeneous solution. The mixture was refluxed 
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gent1y for 12 hours and then the alcohol \'.ras evaporated under reduced 

pressure. A solid residue remained lihich v-Ias extracted with 20 ml. of 

boiling water and fi1tered. On coo1ing, the fi1trate deposited 2.6 g. 

(86.6%) of 3-pyridinecarbo~lic acid. The solid brown material which had 

co1lected on the filter was dried thoroughly in vacuo at 56°. Then it was 

dissolved in 100 ml. of pentane and filtered through a co1umn of alumina. 

The dimensions of the co1umn were 1.8 x 10 cm. Sub sequently the solution 

was passed through a column (1.8 x 5 cm.) of Norit. The colmnns were 

washed lvi th 50 ml. of pentane, the filtrates combined, and the pentane 

distilled under reduced pressure. The solid residue which remained, was 

recrystallized from acetone aŒd then melted at 95-96°. A mixed me1ting point 

determination with an authentic sample of cholesteryl chloride showed no 

depression of the me1ting point and indicated that the residue was unreacted 

choleste~Jl chloride. It was recovered in 90.3% yield (7.4 g.). 

Attempted reaction of methyl }=pyridinecarboxylate and 

cholesteryl chloride 

Methyl 3-pyridinecarboJQJlate was prepared in 6$% yield according 

to the procedure of Levine and Sneed (199). 

A mixture of 13.7 g. (0.1 mole) of methyl 3-pyridinecarboxylate 

and 2.03 g. (0.005 mole) of choleste~l ch1oride was placed in a 50 ml. 

round-bottomed flask, with a grourn glass joint and was fitted with a 

reflux condenser protected by a calcium chloride dFjing tube. The reaction 

mixture was heated for 6 hours by means of an oil bath maintained at 115°. 

At this temperature methyl 3-pyridinecarboxy1ate was l i qu id and chole steryl 

chloride passed into solution. The reflux condenser was replaced by a 

Claisen distilling head to which was attached a short (10 cm.) Vigreux 
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column. The greater part (13 g.) of the methyl 3-pyridinecarboxylate was 

distilled under reduced pressure (105-106°/20 mm.) leaving a residue in 

the flask which ~nen recrystallized from acetone yielded unreactcd choles­

teryl chloride, m.p. 96°. 

Attempted reactions of 4-pyridinecarboJCrlic acid a~d methyl 

4-pyridinecarboxYlate with cholesteryl chloride 

The procedures used when 3-fyridinecarboxylic acid and methyl 

3-pyridinecarboxylate were reacted with cholesteryl chloride were followed. 

No reaction took place in either case and the reactants were recovered 

unchanged. 

At tempted reaction of J-pvridine carboxylic acid and chole steryl 

p-toluenesu1phonate 

Cholesteryl p-toluene sulphonate was obtai.ned in 61% yield by 

reacting cholesterol with p-toluenesulphonyl ch1oride, fo11owing essent­

ia11y the procedure of Freudenberg and Hess (204). After recrystallization 

from acetone the m.p. of this compound was 131°. The m.p. reported for 

cholesteryl p-toluenesulphonate was 131° (204). 

(i) Using absolute alcohol as so1vent 

A 300 ml., two-necked, round-bottomed f1ask having ground glass 

joints was fitted with a mercury sealed stirrer and a reflux condenser 

protected by a calcium chloride drying tub8. In the f1ask were placed 

5.4 g. (0.01 mole) of choleste~1 p-toluenesulphonate, 1.23 g. (0.01 mole) 

of 3-pyridinecarboxyl ic aci d, and 100 ml. of abso1ute ethanol. The reaction 

mixture was stirred ~1d refluxed for a short time on the steam bath until 
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the reactants had passed into solution. Then the stirrer was stopped and 

the refluxing continued for three hours. v~n the reaction rniAture was 

&llowed to cool to roam temperature, a white solid material separat~d, and 

was collected by filtration of the mixture >dth suction. This solid 

material was extracted with boiling water (15 ml.) and filtered immediately. 

The filtrate deposited, on cooling in an ice bath, 1.2 g. (97.5%) of 3-pyri­

dinecarboxylic acid. The solid residue gave, after recrystallization from 

a mixture of ethanol-ether, cholesteryl ethyl ether (3.4 g., 82.5%) melting 

at 88.5°. The ~.p. reported for cho1esteryl ethyl ether was 88.5° (205). 

(ii) Using dry toluene as solvent 

The reaction mixture of 5.4 g. (0.01 mole) of cholesteryl p-tol­

uenesulphonate and 1.23 g. (0.01 mole) of 3-pyridinecarboxylic acid was 

placed in a 300 ml. round-bottomed flask provided with a reflux condenser 

protected with a calcium chloride drying tube. To1uene (150 ml.) dried 

over sodium was added to the flask through the condenser. When it had been 

refluxed for 14 hours, the reaction mixture wa~ coo1ed and unreacted 3-pyri­

dinecarboxylic acid was recovered from it. 

(iii) In a sealed tube 

A ffiDcturc of 2.7 g. (0.005 mole) of cholesteryl p-toluenesulphonate 

and 0.62 g . (0.005 mole ) of 3-pyridinecarboxylic acid was pl aced and sealed 

in a glass tube. The tube was put in an oven a~d heated f or 10 hours at 

150° . At that temperature, t he cholesteryl p-toluenesulphonate melted and 

the 3-pyridine carboxylic acid dissolved i n it. The reaction mixture grad­

ually turned dark brown. When the tube had cooled it was ·opened and its 

contants extracted with boiling water (10 ml.) and filtered. On cooling, 



the filtrate deposited quantitatively unreacted 3-P3~dinecarboxylic 

acid. The solid material which re~ained on the filter was a sticky 

bro~~ polymer. Apparently, it was formed from the decomposition and 

polymerization of cholesteryl p-toluenesulphonate. 
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3-Carbomothoxv-1-(5-cholesten-J-yl)gvridinium p=toluenesulphonate 

In a 25 ~~. round-bottomed flask equipped with a reflux condenser 

protected by a calcium chloride drying tube were placed 13.7 g . (0.1 mole) 

of methyl 3-pyridinecarboxylate and 2.7 g. (0.005 mole) of cholesteryl 

p-toluenesulphonate. This mixture was heated on the steam bath for 8 

hours. Methyl 3-pyridinecarboxylate became liq_uid at 37° and cholesteiJ'l 

p-toluenesulphonate passed into solution immediately. The hot reaction 

mL~ture was diluted with 50ml. of 2-butanone and then cooled. A white 

material separated in long needles. After one more recrystallization from 

2-butanone 2 g . (59%) of 3-carbomethoxy-1-(5-cholesten-3-yl)pyridinium p­

t oluenesulphonate melting at 236° with decomposition was obtained. 

Anal. Cale. for c41 H5<f'Jo5s: N, 2.08% 

Found: N, 2.38% 

Attempted hydrol;rsis of the ester group of 3-carbometho:xy-1-

(5-cholesten-3-yl)pyridinium p=toluenesulphonate 

A mL~ture of 0.68 g. (0.001 mole) of 3-carbome thoxy-1-(5-cholesten-

3-yl)pyridinium p-toluenesulphonate and 8 ml. of 75% sulphuric acid was 

placed in a 15 ml. flask equipped ~ith a reflux condenser. Upon being 

shaken, t he pyridinium salt passed i nto sol ution . The r eaction mixture 

was heat ed on the steam bath for 4 hours, and becarne very dark in colour 

as the heating continued. Then the dark soluti on was poured into 50 ml. 
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of crushed ice and the steroidal compound separated as ar. oil. The acid 

layer was decanted and the dark oil v-rashed with water until neutral. 

After the oil had been dried, it had the appearanc3 of a brown resin. 

Attempts to crystallize, or purify this material were unsuccessful. 

Evidently the 3-carbomethoxy-1-(5-cholesten-3-yl)pyridinium p-toluenesul­

phonate had decomposed ar.d polymerized. The same results were obtained 

when 85% phosphoric acid was used for the acidic hydrolysis of the carbo­

metho.xy ester group of the pyridinium salt. 
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Electronic Absorption Spectra 

The electronic absorption stsctra of pyridinium. betaines and 

several pyridinium salta were measured in absolute alcohol. Some of the 

electronic spectra were determined in dry chloroform. For this purpose, 

reagent grade chloroform first was wasbed ten times witb distilled water 

to remove the alcohol wbich had been added as a stabilizer, then was 

dried over calcium chloride, distilled, and kept in the dark to avoid the 

for.mation of phosgene. 

The spectra were determi.ned by means of a Beckman recording 

spectrophotometer, model D.K.2, using the ecale A û-1 and a scanning period 

of 2 minutes. The concentrations of the solutions containing the substances 

whose spectra were to be determined, were between 1 x 10-4 and 2.5 x lo-4 

molar. Since the spectrophotometer recorded the per cent absorption, and 

the wavelength at which the absorption occurred, the molecular extinction 

coefficient , was calculated using the expression 

€ = = 
log 100 

10 100 - per cent Absorption 
CL 

where I 0 was the intensi'GY of the incident light and I was the radiation 

tranemitted b.Y a solution of molar concentration C and of length L. The 

length of the path of light passing through the solution was 1 cm. 

Tables II, III, IV, V, VI, VII, and VIII show the light absorption 

of pyridinium betaines and salts at various wavelengths. In addition plots 

of log10é against wavelength are given in Figures 4, 5, 6, 7, 8, 9 for some 

of these compounds. 

Infrared Absorption Spectra 

The infrared absorption spectra of 



i) l,~indandione 

ii) 2-nitro-1,3-indandione 

iii) 1-(~hydroxy-1-oxo-2-indeny1)4-methy1p,yridinium hydroxide, betaine 

iv) 1-(3-hydroxy-1-oxo-2-indeny1)3-methy1pyridinium hydroxide, betaine 
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v) 3-carboxy-1-(3-hydroxy-1-oxo-2-indeny1)pyridinium hydroxide, betaine 

were detennined (see Figures 10, 11, 12, 13 and 14 respectively) in Nujol 

mull with a sodium chloride priam of 927 resolution, a response of 1:1, a 

gain of 5.9, a speed of 4 and a supression of 4. 

The scale of recordings was 100 an-1/cm. for the range 3800-

2000 an-1 and 100 an-1/4 cm. for the range aJ00-6oo an-1. 

The maxima observed are listed in the tables IX, X, XI, XII, 

XIII and nv "Which follow. 



TABLE II 

Electronic Absorption Spectra of 

Pyridinium Salta and Betaines 

Absorption maxima 



Compound 

l-(3-ijydroxy-l-oxo-2-indenyl)4-methflpyridin-
iUID hydroxide 1 betaine 

1-(3-Hydroxy-1-oxo-2-indeny1)3-metny1pyridin-
ium hydroxide, be taine 

4-Carboxy-1-(3-hydroxy-1-oxo-2-indeQYl)pyri-
dinium hydroxide, be taine 

3-Carboxy-1-(3-hydroxy-1-oxo-2-indeny1)p,rri-
d.inium hydroxide, betai.ne 

2-Carboxy-1-(3-hydroxy-1-oxo-2-indeny1)pyri-
dinium hydroxide, betaine 

1-(3-HYdroxy-2-cholesten-2-y1)pyridinium 
hydroxide, betaine 

1-(3-Hydroxy-2-cho1eaten-2~yl)4-methylpyri-
dinium hydroxide, be taine 

1-(3-Hydroxy-2-cholesten-2-y1)3-metQylpyri-
dinium hydroxide, be taine 

4-Carbamethoxy-1-(p-bromo-phenacy1)pyridin-
ium hydroxide, be taine 

4-Carbobenzqylmethoxy-l(phena~1)pyr.idinium 
hydroxide, be taine 

1-(3-ûxo-2-cho1estanyl)pyridinium bromide 

l-(3-Qxo-2-cho1estany1)4-methylpyridinium 
bromide 

3-Carbamethoxy-1-(5-cho1esten-3-y1)pyridin-
ium~oluenesu1phonate 

--------

TABlE II 

In Abaolute Alcohol Solution 
~max logfomax 
m~_ 

237, 300, 316, 386 4.53; 3.34; 3.45; 4.13 

241, 313, }.J:)O 4.45; 3.36; 3.95 

243, 315, 418 4.49; 3.28; 4.09 

241, 312, 398 4.81; 3.44; 4.05 

240, 311, 396 4.79; 3.33; 4.04 

245, 304 430 3.84; 3.03; 3.68 

248, 308 431 Not reproducib1e 

255, 314 432 3.24; 3.24; 3.02 

243, 480 4.48; 4.23 

248, 482 Not reproducib1e 

261 3.49; 

225, 257.5 4.00; 3.55 

266.5 3.49 
----------- - -

In Chloroform Soln. 
':\.max 
mP. 

313, 403 

426 

463 

428 

426 

247, 475 

1 

1-' 
-.J 
-.J • 



TABLE lli 

Electronic Absorption Spectrum of 

l-{3-aydroxy-l-oxo-2-indenyl)4~ethylp,yridinium hydroxide, betaine 

in Absolute Al.cohol. Concentration 2.5x10-5 mole/litre 
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TABLE III 

Wave1ength Io 
E 1og10 Wave1ength Io 1ogfo 

mJA- mji- -I I 

220 1.615 3.9 300 1.135 3.34 
223 1.67 3.96 304 1.13 3.33 
225 1.78 4.02 306 1.13 3.33 
227 2.00 4.08 308 1.14 3.36 
230 2.09 4.ll 310 1.16 3.41 
232 3.33 4.32 312 1.17 3.43 
234 4.54 4.42 316 1.175 3.45 
235 5.25 4.46 322 1.07 3.06 
236 6.25 4.5 332 1.ll .3.26 
237 7.17 4.53 340 1.17 3.43 
238 6.65 4.52 346 1.25 .3.59 
2.39 6.25 4.5 350 1.32 3.68 
241 4.77 4.43 354 1.38 3.75 
244 3.44 4 • .33 356 1.43 .3.79 
247 2.78 4.25 360 1.52 3.86 
250 2.25 4.15 366 1.67 3.94 
252 2.00 4.08 372 1.82 4.04 
254 1.85 4.05 378 1.96 4.06 
258 1.54 3.87 380 2.00 4.08 
260 1.39 3.76 .382 2.1 4.ll 
265 1.18 .3.46 386 2.22 4.13 
270 1.09 3.17 390 2.00 4.08 
280 1.09 3.17 396 1.82 4.01 
282 1.09 .3.17 400 1.67 3.94 
285 1.1 3.22 405 1.50 3.83 
290 1.ll 3.26 410 1.37 3.75 
292 1.112 .3.265 42fJ 1.19 .3.47 
295 1.12 .3.29 4.35 1.09 3.17 
297 1.33 3 • .33 
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FIGURE 4 

E1ectronic Absorption Spect~ of 

1-(3-Hydroxy -1-axo-2-indeny1)Lr-methylpyridinium hydroxide, betaine 



\IJ 

(!) 

0 
...J 

4S ----------------------------, 

30~--~--~----~--~--~----~--~--~~--~--~--~ 
220 240 260 280 300 320 340 360 380 400 420 440 

W A V E LE N GTH, m JL . 
ELECTRONIC ABSORPTION SPECTRUM OF 

1-{3-HYDROXY-1-0X0-2-INDENYL) 4- METHYLPYRIDINIUM HYDROXI DE, BE TAI NE. 



TABlE IV 

Electronic Absorption Spectrum of 

l-(.3-Hydraxy-l-oxo-2-indenyl).3-~œthylpyridinium. hydroxide, betaine 

in Absolute Alcohol. Concentration 2.5 x lo-5 mole/litre 
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TABlE IV 

WaTe1ength ~ 1ogfo Wave1ength Io 1ogfo -mg I mf:' I 
• 

222 1.47 3.82 310 1.13 3.33 
226 1.59 3.90 312 1.135 3.34 
228 1.72 3.97 313 1.14 3.36 
232 2.22 4.14 318 1.09 3.17 
234 2.63 4.22 322 1.075 3.09 
236 3.33 4.32 340 1.1 3.22 
238 4.34 4.41 346 1.12 3.29 
239 4.54 4.42 350 1.14 3.36 
241 5.00 4.45 356 1.19 3.47 
242 4.76 4.43 362 1.235 3.55 
245 4.00 4.38 370 1.335 3.68 
248 2.94 4.27 376 1.41 3.77 
250 2.5 4.2 300 1.48 3.83 
253 2.0 4.08 386 1.56 3.89 
256 1.67 3.95 392 1.64 3.93 
259 1.43 3.79 400 1.67 3.95 
262 1.25 3.59 405 1.64 3.93 
267 1.11 3.26 415 1.47 3.82 
270 1.08 3.12 425 1.3 3.66 
273 1.07 3.08 440 1.12 3.29 
280 1.065 3.03 
290 1.075 3.09 
296 1.08 3.12 
302 1.11 3.25 
304 1.105 3.24 



FIGURE 5 

E1ectronic Absorption Spectrum of 

1-(3-Hydroxy-1-axo-2-indeny1)3-methylpyridinium hydroxide, betaine 
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TABlE V 

Electronic Absorption Spectrum of 

3-Carboxy-1-(3-hydroxy-1-oxo-2-indenyl)p,yridinium hydroxide, betaine 

in Absolute Al.cohol. Concentration 1 x lo-5 mole/litre 
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TABlE V 

Wave1ength Io 1ogfo WaTe1ength ~ 1ogfo 
m}J. I mf- I 

224 1.66 3.94 322 1.09 3.17 
227 1.85 4.05 330 1.09 3.17 
230 2.27 4.25 338 1.125 3.3 
234 3.7 4.36 340 1.115 3.27 
236 5.9 4.49 350 1.18 3.46 
239 20.0 4.72 358 1.25 3.59 
241 40.0 4.81 364 1.335 3.68 
245 10.0 4.€/J 370 1.43 3.79 
248 5.0 4.45 378 1.59 3.~ 
251 3.23 4.34 386 1.75 3.99 
256 1.92 4.05 398 1.94 4.05 
26o 1.45 3.84 405 1.89 4.04 
269 1.11 3.26 415 1.67 3.95 
274 1.09 3.17 425 1.41 3.77 
280 1.08 3.12 430 1.3 3.66 
287 1.09 3.17 445 1.ll 3.25 
297 1.11 3.26 
302 1.14 3.36 
312 1.172 3.44 



FIGURE 6 

E1ectronic Absorption Spectrum of 

3-Carboxy-1-(3-hydroJCY-1-oxo-2-indenyl)pyridinium hydroxi.de, betaine 

183. 
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TABLE VI 

Ultraviolet Absorption Speetrum of 

1-(3-0xo-2-cholestanyl)pyridinium bromide 

in Absolute Alcohol. Concentration 1 x lo-4 mole/litre 
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TABLE VI 

Wave1ength Io 1ogfo 
mf+ I 

240 1.41 3.17 

244 1.47 3.22 

246 1.51 3.25 

249 1.79 3.40 

253 1.89 3.44 

256 1.92 3.45 

258 1.96 3.47 

259 2.00 3.48 

261 2.04 3.49 

263 1.96 3.47 

266 1.76 3.39 

269 1.59 3.30 

272 1.3 3.06 

274 1.18 2.86 

277 1.09 2.57 

280 1.05 2.33 



FIGURE 7 

Ultraviolet Absorption Spectrum of 

1-(3-0xo-2-cholestanyl)p,yridinium bramide 

185. 
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TABIE Vil 

E1ectronic Absorption Spectrum of 

1-(.3-HydroJcy"-2-cho1esten-2-y1 )pyridinium hydroxide, be taine 

in Abso1ute Alcoho1. Concentration 1 x 1~ mole/litre 
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TABlE VII 

Wave1ength Io 1og{o Wave1ength Io 1ogfo 
mi:f I mu I , 1 

239 4.44 3.81 360 1.14 2.75 

241 4.55 3.82 370 1.19 2.88 

245 4.83 3.84 380 1.29 3.04 

248 4.5 3.81 390 1.43 3.19 

250 3.85 3.77 400 1.7 3.36 

254 2.5 3.60 410 2.04 3.49 

257 1.92 3.45 420 2.56 3.61 

260 1.59 3.30 430 3.00 3.68 

266 1.33 3.09 445 2.63 3.62 

274 1.25 2.98 450 2.38 3.57 

285 1.25 2.98 460 1.95 3.46 

304 1.28 3.03 475 1.49 3.24 

310 1.27 3.01 490 1.25 2.98 

340 1.2 2.89 500 1.16 2.78 

350 1.12 2.69 520 1.06 2.40 



FIGURE 8 

E1ectronic Absorption Spectrum of 

1-(3-Hydro.xy-2-cholesten-2-y1)pyridinium bydroxide, betaine 

187. 



\1J 

(!) 

0 
....J 

4.0 

3.5 

3.0 

2 .5~--~--~----~---L----L---~--~----~--~--~~--~ 

230 260 290 320 350 380 410 440 470 500 530 560 
WAVE LENGTH, mJ.L. 

ELECTRON IC ABSORPTION SPECTRUM OF 
1-(3-HYDROXY- 2- CHOLESTEN -2- Y L) PYR 101 N 1 U M HYDROXIDE, BETAINE. 



TABLE VIII 

Electronic Absorption Spectrum of 

4-Carbanethoxy-1-(p-bromo-phenacyl )pyridinium. hydroxide, be taine 

in Absolute Alcohol. Concentration 4 x lo-5 mole/litre 
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TABlE vnr 

Wave1ength ~ 1og{f, 
mu 

1 
I 

220 .3.85 4.16 

22.3 4.34 4.20 

2.30 4.76 4.2.3 

2.36 6.67 4 • .31 

2.39 10.0 4.40 

24.3 16.0 4.48 

247 10.0 4.4 

249 6.67 4 • .31 

25.3 .3 • .3.3 4.ll 

260 1.72 .3.78 

270 1.47 .3.60 

276 1.47 .3.60 

28.3 1 • .39 .3.54 

298 1.11 .3.04 

425 1.18 3.23 

435 1 • .32 3.48 

450 1.76 .3.78 

465 2.94 4.08 

400 4.76 4.2.3 

495 2.94 4.08 

510 1.4.3 .3. 50 



FIGURE 9 

E1ectronic Absorption Spectrum of 

4-Carbomethoxy-1-(p-brano-phenacy1)pyridinium. hydroxide, be taine 

189. 
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(1575 cm-1 - 3650 om-1) 

an-1 

1745 (s) 
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TABlE IX 

Infrared Absorption Maxima of 

1,3-Indandione 

Bending region 
1350 cm-1 - 1500 cm-1) 

cm.-1 

1355 (s) 

1350 (w) 

190. 
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FIGURE 10 

Infrared Absorption Spectrwm of 

11 3-Indandione 

191. 
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TABlE X 

Infrared Absorption Maxima of 

Stretching region 
(1575 cm-1 - 3650 cm-1) 

cm.-1 

1650 (v.s) 

1595 (v~s) 

2-Nitro-1.3-indandiane 

Bending region 
(1350 cm-1- 1500 cm-1) 

cm-1 

1400 (v.s) 

1350 (v. s) 

192. 

Fingerprint region 
(be1ow 1350 cm-1) 

cm-1 

1285 (w) 

1265 (v.s) 

1177 (v.s) 

1145 (v.s) 
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880 (v.s) 

7W 
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FIGURE ll 

Infrared Absorption Spectrum of 

2-Nitro-1,3-indandione 

193. 
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TABlE li 

Infrared Absorption Maxiœa of 

1-(J-ijydroxy-1-oxo-2-indeny1)4~ethy1pyridinium h!droxide, betaine 

Stretching region Bending region 
(1575 cœ-1 - 3650 cm-1) (13 50 cm-1 - 1500 cm -1) 

an-1 cm-1 

1655 (w) 1520 (v.s) 

1620 (v.s) 1475 (v.s) 

1585 (v.s) 1395 (v.s) 

Fingerprint regi on 
(be1ow 1350 an-1) 

cm-1 

1345 (s) 

1290 (w) 

1262 (v.w) 

1217 (s) 

1193 (w) 

1070 (w) 

1037 (w) 

1005 {w) 

880 {s) 

856 (w) 

830 (v.s) 

7'/J (s) 

725 (v.s) 

717 (v.s) 

693 (w) 

663 (v.w) 



FIGURE 12 

In!rared Absorption Spectrum of 

l-(3-aydroxy-l-oxo-2-indenyl)4~ethylpyridinium hydroxide, betaine 

195. 
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TABlE XII 

Inf'rared Absorption Maxima of 

1-(3-Hydroxv -1-o:xo-2-inden:y1)3-meth.y1wridinium hydroxide, beta.ine 

stretching region 
(1575 an-1 - 3650 cm-1) 

cm-1 

1730 (s) 

166o (v.w) 

1630 (v .s) 

1590 (v.s) 

Bending region 
(13 50 cm-1 - 1500 cm-1) 

cm.-1 

1490 (v.s) 

1457 (v.s) 

1442 (s) 

1.385 (v.s) 

1350 (s) 

Fingerprint region 
(be1ow 1350 cm-1) 

cm-1 

1300 (v .s) 

1205 (s) 

1110 (w) 

1065 (w) 

1017 (w) 

970 (w) 

910 (w) 

B77 (s) 

825 (w) 

790 (w) 

750 (s) 

72fJ (v.s) 

663 (w) 
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FIGURE 13 

Infrared Absorption SJS etrum. of 

1-(3-Hydroxy-1-oxo-2-indeny1) 3-metby1pyrldinium hydroxide, be taine 
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TABlE XIII 

In!rared Absorption M!Xima of 

3-Carbo;y-1-(3-hydroX1-1-oxo-2-indeny1)prfidinium gydroxide, betaine 

stretching region 
(1575 an-1 - 3650 cm-1) 

an-1 

1728 (s) 

166o (w) 

1615 (s) 

1565 (v.s) 

Bending region 
(1350 ~-1 - 1500 an-1) 

cm-1 

1490 (s) 

1465 (s) 

1450 (v.s) 

1LJ.O (s) 

1385 (s) 

Fingerprint re~on 
(be1ow 1350 an-1) 

cm-1 

1240 (s) 

1210 (s) 

1190 (s) 

1105 (w) 

1020 (w) 

920 (w) 

880 (s) 

780 (w) 

758 (s) 

718 (s) 

695 (s) 

665 (s) 
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FIGURE 14 

Intrared Absorption Spectrum of 

3-Carboxy-1-(3-nydroxy-1-oxo-2-indeny1)p,yridinium bydroxide, betaine 
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TABLE XIV 

Infrared Absorption Maxima of 

1,3-Indandione 2-Nitro 1-(3-Hydroxy-1-oxo-2- 1-(3-HYdroxy-1-oxo-2- 3-Carbo:x:y-1-(3-hydroxy-1-
1,3-indandione indeny1)4-methy1pyr.idinium indeny1)3-metny1pyridinium oxo-2-indany1 )pyridinium 

. hvdroxide • be taine hYdroxide. betaine nvdroxide. betaine 
1745 (s) 1730 (s) 1728 (s) 
1705 (v.s) 

1650 (v.s) 1655 (w) 1660 (v.w) 1660 (w) 
1620 (v.s) 16.30 (v.s) 1615 (s) 

1593 (s) 1595 (v .s) 1585 (v.s) 1590 (v.s) 1565 (v.s) 
1520 (v.s) 
1475 (v.s) 1490 (v.s) 1490 (s) 

1457 (v.s) 1465 (s) 
1442 (s) 1450 (v.s) 

1400 (v.s) 1395 (v.s) 1410 (s) 
1385 (v.s) 1385 (s) 

1355 (s) 
1350 (w) 1350 (v.s) 1345 (s) 1350 (s) 

1285 (w) 1290 (w) 1300 (v.s) 
1260 (v.s) 1265 (v.s) 1262 (v.w) 
12.30 (w) 1240 (s) 

1217 (s) 1205 (s) 1210 (s) 
ll85 (v.w) 1177 (v.s) 1193 (w) 1190 (s) 
1160 (v.w) 1145 (v.s) 

Ï090 (v.w) 1070 (w) 1065 (w) 
1110 (w) 1105 (w) 

1037 (w) 
1005 (w) 

1017 (w) 1020(w) 

970 (w) 
920 (w) 935 (v.s) 910 (w) 920 (w) 

880 (v.s) 880 (s) 877 (e) 880 (s) 
856 (w) 
8.30 (v.s) 825 (w) 
790 (s) 790 (w) 780 (w) 

775 (s) 760 750 (v .s) 758 (s) 
725 (v.s) 

718 (e) 726 (v.w) 717 (v.s) 720 (v.s) 
710 

693 (w) 695 (s) 
665 663 (v.w) 663 (w) 665 (s) 

~ 
0 • . 
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3JMY.ARY AND CLAIMS TO ORIGINAL RESEARCH 

1. An investigation of the reactions of pyridine, 3-metnylp,yridine 

and 4-methylpyridine with 2-bromo-1,3-indandione was carried out under a 

variety of experimental conditions. The corresponding pyridinium betaines 

of the 1,3-indandione series were obtained, but all efforts to isolate the 

intermediate addition product were unsuccessful. 

2. A reaction mechanism was proposed to explain how the reaction of 

pyridine bases with 2-bromo-1,3-indandione proceeded, and wny the intermed­

iate pyridinium salt in this reaction could not be isolated. 

3. When 2-zœt.hylpyridine was reacted with 2-brcmo-1,3-indandione a 

polymer was formed instead of the desired betaine. The failure of this 

reaction to yield an inner salt was attributed to the proximity of the 

me thyl group to the annular ni trogen rather than to ste rie hir.drance. This 

proximity made the metnyl group susceptible to an electrophilic attack by 

a bromonium ion which initiated polymerization. 

4. The reaction of the mono-methylpyridines with bromine was 

reinvestigated with the hope that addition compounds analogous to those 

obtained from the reaction of pyridine and bromine could be isolated. How­

ever neg~tive resulta were obtained irrespective of whether 1,3-indandione 

was present or not. 

5. Pyridine, 3- and 4-methylpyridines, and pyridinecarboxylic acids 

were allowed to react with 2,2-dibromo-1,3-indandione. From these reactions 

the corresponding pyridinium betaines, pyridine hydrobromides, and polymerie 

materials were obtained. In no case could the inter.mediate pyridinium salts 

be isolatad. 2-Methylpyridine failed to produce the correspondL~ betaine 

when reacted with 2,2-dibromo-1,3-indandione. 



202. 

6. A mechanimn \'lô.S proposed for the reaction of 2,2-d.i.bromo-1,3-

indandione with pyridine bases. This mechar~sm was based on a nucleophilic 

attack by the pyridine base and was supported by the fact that no free 

bro~ine could be detected during these reactions. 

7. The electronic and infrared spectra of the pyridinium betaines 

cf the 1,3-indandione series were determined and constituted additional 

evidence that these compounds are dipolar ions. In addition, the spectra 

of the betaines prepared using pyridinecarboxylic acids as the pyridine 

base showed that the carboxylic group is not the anionic function of the 

inner salt. The latter is a typical enol betaine. In the spectra of the 

pyridinium betaines of the 1,3-indandione series three absorption maxima 

occurred in the ultraviolet and visible regions, at 237-243 ~' 311-316 

mf- and 386-4].8 mp. • 

8. Attempts to react 2-bromo-5,5-dimethyl-1,3-cyclohexanedione with 

pyridine were unsuccessful, and their fai1ure was attributed to the strong 

positive character of the bromine atom present in 2-bromo-51 5-dimethy1-1,3-

cyc1ohexanedione. 

9. vlhen 2,2-dibromo-5,5-dimethyl-1,3-cyc1ohexanedione reacted ~~th 

pyridine and pyridinecarboxylic acids, there were indications that the 

corresponding betaines were formed. However the products obtai.ned were not 

crysta1.1ine and all efforts to purify them fai.led. 

10. The product of the reaction between 2d-bromo-3-cholastanone and 

p,yridine, whose structure previously had been the subject of much dispute, 

was shown to be a p,yridinium salt. Similar salts were prepared by reacting 

2X-bromo-3-cholestanone with 3- and 4-methylp,yridines. A mixture of steroidal 

compounds, which contained no bromine or nitrogen \-lere obtained 'When 2-meth­

ylpyridine was allowed to react with 2«-bromo-3-cholestanone. 
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11. An exp1anation was offered for the difference observed in the way 

in which pyridine bases reacted with ~-bromo-3-cholestanone. 

12. The reaction of 7~-bromocholestane-3P,5~-diol-6-one 3-acetate 

with pyridine was undertaken so that a comparison could be made between 

this reaction and that of pyridine w.ith 2o<'-bromo-3-cholestanone. In this 

way, it was hoped that the effect of the conformation of the bromine atom 

in ol-bromo-ketosteroids cou1d be determined. However, 7o<-bromocho1estane-3~, 

5~-diol-6-one 3-acetate resisted all efforts to eliminate hydrogen bromide 

and attempts to form the corresponding pyridinimn salt. 

13. The e1ectronic absorption spectra of the salts and betaines 

obtained from the reaction of ~-bromo-3-cho1estanone and pyridine bases 

were determined. These spectra justified the structures assigned to these 

substances. Three absorption maxima were observed in the spectra of these 

betaines, in the regions 245-255 mf, 304-314 mf- and 430-432 D1f' • 

14. The reactions of 3- and 4-pyridinecarbo:xylic acids with 2-bromo-

acetophenone were investigated. It was found that the formation of the 

corresponding pyridinium salt was accomparded by esterification of the 

carbo:xy1ic group. The alcoholic part of the ester was supplied by 2-bromo­

acetophenone after elimination of a molecule of hydrogen bromide. 

15. During the course of the alkaline cleavage of the sa1ts obtained 

from the reaction between pyridinecarboxy1ic acids and 2-bromo-acetophenone, 

the corresponding betaines were isolated. The e1ectronic absorption spectra 

of these unstable betaines were similar in pattern to those prepared by 

treating with alkali, the salts obtained from the reaction of 2-bromo-aceto­

phenone with esters of pyridinecarboxylic acids. 

16. The alkaline cleavage of salts prepared by reacting pyridinecarbox-

ylic acids with 2-bromo-acetophenone was found to proceed in an unusual wa:y, 
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a.rxl resulted in the liberation of the corresponding pyridinecarbo:xylic acid. 

17. The reaction of pyridine with monochloroacetic acid was reinvest-

igated. Both the yield and purity of the pyri.dinium salt and the betaine, 

which were products of this reaction, were greatly improved. 

18. The reaction of f -ch1oropropionic acid wi. th quinoline and iso-

quinoline yielded the corresponding salts in 1ow yields. However, attempts 

to synthesize the betaines by e1iminating hydrogen chloride from the salts 

failed. 

19. . Efforts to introduce a pyridinecarbo:xylic acid function into a 

steroid mole cule were made under a variety of experimental conditions. How-

ever only in the case of the reaction of me thyl .3-pyri.dinecarbo.xylate wi th 

cholesteryl p-toluenesulphonate was the correaponding salt obtained. 

20. Attempts to hydrolyze the carbomethoxy ester group of .3-carbo-

methoxy-1-(5-cholesten-.3-yl)pyridinium p-toluenesulphonate ended in failure 

and consequently the fo:nnation of pyridinium betaines in steroidal compounds 

possessing a carboxylic group as the anionic function was not achieved. 

21. The following compounds, previously unreported have been preps.red 

and characterized: 

(a) l-(.3-hydroxy-l-oxo-2-iridenyl)4-methylpyri.dinium hydroxide, betaine 
(p. 131) 

(b) 1-(3-hydro:xy-1-oxo-2-indenyl)J-methylpyri.dinium hydroxide, be taine 
(p. 137) 

( c) 4-carbo:xy-1- (.3-hydro.xy-1-oxo-2-indenyl)pyridinium hydroxide, 
betaine (p. 14.3) 

(d) 3-carboxy-l-{.3-hydro:xy-1-oxo-2-indeny1)pyridinium hydroxide, 
betaine (p. 143) 

(e) 2-carboxy-1-(3-hydroxy-1-oxo-2-indenyl)pyridinium hydroxide, 
beta.ine (p. 144) 

(f) 1-(3-hydroxy-2-chole sten-2-yl)pyridiniurn hydro.xide, betaine (p. 155) 

(g) l-(3-oxo-2-cholestanyl)4-methylpyridinium bror.dde (p. 156) 



(h) 1-(3-hydroxy-2-cho1e sten-2-y1)4....methy1pyridinium hydrorlde, 
betaine (p. 156) 

(i) 1-(3-oxo-2-cho1estany1)3-methy1pyridinium bromide (p. 157) 

(j) 1~hydroxy-2-cho1esten-2-y1)3-methy1pyridinium hydroxide, 
betaine (p. 158) 

205. 

(k) 4-carbobenzoylmethoxy-1-(phenacy1)pyridinium bromide (p. 162) 

(1) 4-carbobenzoylmethoxy-1-(phenacy1)pyridinium hydroxide, betaine 
(p. 162) 

(m) 3-carbobenzoylmethoxy-1-(phenacyl)pyridinium bromide (p. 163) 

(n) 3-carbobenzoylmethoxy-1-(phenacy1)pyridinium hydroxide, betaine 
(p. 164) 

(o) 4-carbomethoxy-1-(p-bromo-phenacy1)pyridinium bromide (p. 164) 

(p) 4-carbomethoxy-1-(p-bromo-phenacy1)pyridinium hydroxide, betaine 
(p. 165) 

(q) 3-carbomethoxy-1-(5-cho1esten-3-y1)pyridinium p-to1uenesu1phonate 
(p. 173). 
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