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PART I 

HISTORICAL INTRODUCTION 



In 1933 Rising, Shroyer, and Stieglitz (1) published the 

first of a series of papers reporting work on the mechanism of the 

narcotic action of hypnotics. Research of this kind was initiated 

by Ehrlich and Einhorn (2) who attempted a study of the action of 

cocaine by preparing a number of colored azo derivatives, with the 

hope of finding one that would retain the physiological activity of 

the parent compound, and at the same time would dye the tissues 

affected. With the same purpose in mind, Fulton (3) undertook a 

study of the action of novocaine by use of the diazotized, coupled 

derivatives, but the resulting colored azo bodies, while having the 

same physiological action as novocaine in a number of cases, failed 

to Bhow any selective staining effect on the nerve fibers. It is of 

interest to note that Fulton used the azo compound as a histological 

stain on the fixed tissue in the usual way, and also carried out the 

diazotization and coupling on the tissue, either fixed or living, by 

dipping it successively into solutions of novocaine, nitrous acid, 

and dimethyl aniline. 

In the paper mentioned above, Rising, Shroyer, and stieglitz 

proposed the preparation of a nunber of colored derivatives of pheno- 

barbital, a synthetic soporific of the barbituric acid series, with 

the hope of obtaining a hypnotie that would selectively stain the 

cells of the brain and nerves. Thus far, they have coupled the m- 

aminophenobarbital with Q-napthol, resorcinol, salicylic acid, and 
i 

tyrosine without obtaining a compound that retains the physiological 

activity of the parent drug. The same negative results have since 
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been obtained by Hising and Pierce (4) who coupled the m-aminopheno- 

barbital with m-phenylenediamine and 5m-hydroxyphenyl-5-ethylbarbituric 

acid* 

In this laboratory we have succeeded in preparing four new 

heterocyclic barbituric acid derivatives, one of which is highly 

colored. The procedures used in this work will be developed in the 

following historical survey. 

There are several general methods employed in the preparation 

of barbituric acids substituted in the 5 position. Of these, two in¬ 

volve condensation of the corresponding substituted malonic ester with 

urea. Such substituted esters may be synthesized, in general, by two 

different methods. 

I. The usual procedure consists in treating the sodium 

enolate form of malonic ester with an alkyl, acyl, or activated aryl 

halide, 

IX. Knoevenagel (5) condensed malonic ester and malonic 

acid with aldehydes and ketones in the presence of a secondary amine. 

By this procedure water strips out between the carbonyl oxygen of 

the aldehyde or ketone and the methylene hydrogens of the ester 

giving an unsaturated linkage. For example, benzal malonic ester 

was prepared by allowing a mixture of equimolecular quantities of 

benzaldehyde and malonic ester, together with a trace of piperidine, 

to stand in a well-corked flask for two days, after which it was 

heated for twelve hours on the steam bath. The condensation prod¬ 

uct was purified by fractional distillation giving a yield 70$ of 

the theoretical 
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four common methods. 

I. The procedure of Conrad and Guthzeit (6) consists in 

heating the substituted malonic acid with urea and phosphorous 

oxychloride. 

II. Conrad and Guthzeit (7) also prepared the symmetrical 

5,5 dialkyl substituted compound by the action of alkyl iodides on 

the silver salt of the unsubstituted acid. 

III. The most widely used method is that of Fischer and 

Bilthey (8), in which the substituted malonic ester is heated with 

urea and sodium ethylate in alcoholic solution. Practically all of 

the substituted barbituric acids have been prepared by this method. 

IV. Unsaturated derivatives have been synthesized by a 

Khoevenagel type of condensation between the carbonyl group of an 

aromatic aldehyde and the methylene hydrogen atoms of barbituric 

acid itself. This method was first used by Conrad and Reinbaeh (9) 

without the addition of a secondary amine, the barbituric acid itself 

playing the part of a catalyst and giving a theoretical yield of the 

condensation product. The reaction takes place simply on short heating 

of a water solution containing equimolecular quantities of the reactants* 
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Akabor1 (10) repeats the use of 1,3 dime thylbarblturie acid as an 

aldehyde reagent for the identification of aromatic aldehydes and 

furfuraldehydes. 

most part, the simple 5- substituted alkyl and aryl derivatives. Of 

the few heterocyclic rings that have been introduced only two contain 

nitrogen as the hetero atom in a six-membered ring. These are the 

piperidyl (11) (linked in the Y-position) and the pyridyl (linked in 

v(j3) 
(• and l -positions). This fact may seem surprising since the reduced 

pyridinos and quinolines, as well as the unreduced bases, are to be 

found widely distributed in nature in the alkaloids, which form one 

of the most important groups of substances used in medicine. However, 

the introduction of such groups into barbituric acid is attended by 

great difficulty since even if the malonic ester containing a large 

negative group as a substituent is produced, the conditions necessary 

for the condensation with urea (sodium ethylate at 100°) are such that 

a cleavage of the molecule results. For example, Box and Thomas (14) 

in an attempt to condense diphenyl malonic ester with urea, isolated 

diphenyl acetic acid and diphenyl acetamide as reaction products. 

o o 

The barbituric acids prepared thus far have been, for the 

// 

 /W/ 

<-^c *o + 

// 

0 o 
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Then it is evident that for the synthesis of high molecular 

weight barbituric acids of an alkaloid character, methods other than 

that of Fischer and Dilthey must be used. The Khoevenagel reaction 

between barbituric acid and the aldehydes of the quinoline and pyridine 

series has not been used since these aldehydes have been, until quite 

recently, very difficult to obtain. 

Miller and Spady (16) first synthesized quinoline «<-aldehyde 

by condensing quinaldine with chloral and hydrolyzing the resulting 

unsaturated tri-chloro compound with alkali to the quinoline °<-acrylic 

acid. The latter, on oxidation with potassium permanganate yielded 

the quinoline cC-aldehyde, melting at 70° to 71°. 

CO- cH, H ?•' 
o = c- c-ci 

Cl 

(XUc4. 
C| 

fO 

= o 

Eaufmann and Valletta (16) obtained the o<-aldehydes of pyridine and 

quinoline by condensing the methiodides of <<-picoline and quinaldine 

with p-dimethylaminonitrosobenzene in the presence of piperidine. 

With dilute hydrochloric acid and the calculated quantity of phenyl- 

hydrazine the azomethines were split into p-dimethylaminoaniline and 

the methiodide of the c<-aldehyde, which was then converted into the 

phenylhydrazone of the quaternary ammonium salt. When heated in a 
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high vacuum methyl iodide escaped leaving the free phenylhydrazone. 

The latter on warming with hydrochloric acid in the presence of 

dinitrobenzaldehyde, which forms an insoluble phenylhydrazone not 

split by mineral add, yielded the free aldehyde* 

|/S) Mrt'% |/x7 ,— 

a r CMi X 

0(Y, A v— 
CMi LJ //o// Vf 

u 

CM, X 
CU=/V-/V-*£\ 

■<%x 0- 

/■/ 
C/l£ = /V-/V a ̂ r\ * 

lUH KNUC-O 

It was not until 1934 that a method was developed making 

the heterocyclic aldehydes easily available. In that year Monti (17) 

observed that selenium dioxide oxides the methyl group of compounds 

haying the linkage 

■ >*' 

to an aldehyde, this method was later developed and extended by 
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Henze (18) and Kwartler and Lindwall (19) who prepared the quinoline 

■=<■*• and ^-aldehydes by treating the corresponding methyl derivatives 

of quinoline with selenium dioxide in boiling xylene solution, The 

aldehydes were separated from the reaction mixture by steam distil¬ 

lation. 

In our laboratory we have condensed the quinoline «A-aldehyde, 

as prepared by Henze (18), with barbituric acid, obtaining a colored 

heterocyclic derivative. The physiological action and the staining 

properties of this deep red compound, which was obtained as a quaternary 

salt of barbituric acid, have not been investigated, She synthesis of 

additional compounds of this type will be undertaken here in the future. 

Another method of synthesis of heterocyclic derivatives of 

barbituric acid, involving the condensation of the active methyl group 

in o's-picoline and quinaldine with alloxan, has been employed in this 

laboratory* The following characterizations of alloxan and quinaldine 

clearly indicate the suitability of the two for such a condensation. 

Alloxan, a cyclic ureide of the pyrimidine series, was first 

prepared by Liebig and WObler (80) through the oxidation of uric acid 

with concentrated nitric acid. This work coupled with the researches 

of von Baeyer (81) established the structures of alloxan and barbituric 

acid as mesoxalylurea and malonylurea, respectively, early in the 

history of organic chemistry. While a number of oxidizing agents, such 

as nitric acid, potassium chlorate and hydrochloric acid, and bromine- 

water (82), are available for the conversion of uric acid into alloxan, 

perhaps the beet results are obtained by the use of chlorine in glacial 

acetic acid (23), a method which has recently been improved by 
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MoElvain (84). According to tills procedure a rapid stream of chlorine 

gas is passed into a mixture of glacial acetic acid, one mol of uric 

acid and five mole of water. With proper stirring and temperature 

oontrol, the alloxan monohydrate crystallises out after a diort time. 

Alloxan is a weak acid (2^=2.32x10“ ^ as compared to 1,05x10“^ 

for barbituric acid (85)), and very soluble in water, crystallising 

from, concentrated solutions as the tetrahydrate. Three molecules of 

crystal water may he removed in a vacuum desiccator but the fourth, 

which occurs as constitutionally bound water in the two hydroxyl 

groups attached in the 5* position, is removed only with difficulty. 

Blitz (86) first accomplished this by heating the moaohydrate for one 

hour at 800-880° in a vacuum produced by a mercury pump. The deep 

yellow crystals of the anhydrous compound melt with decomposition at 

856° and may be recrystallized unchanged from acetone or glacial acetic 

acid provided care is taken to exclude water (27). 

The reactions of the alloxan monohydrate indicate that it 

may be regarded simply as a hydrated ketone (88). A few of the typical 

ketone reactions shown by alloxan will serve to characterize it. 

I. Bromberg (39) was able to prepare the semiearbazone by 

mixing equal parts of alloxan and ssaicarbazine hydrochloride in water 

solution and adding a concentrated solution of sodium acetate, causing 

the earbazone derivative to precipitate out. The anhydrous alloxan 

semicarbazone was formed by heating the above hydrate with dilute 

hydrochloric acid. Again, SShling (30) was able to prepare the 

alloxanphenylhydrazone by the action of a hot solution of phenylhydra- 

zine hydrochloride, although some of the alloxan was converted into 
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alloxantin as a result of the oxidation of phenylhydrazine to nitrogen 

and benzene. 

II. Alloxan reacts with aromatic amines in two ways (31)j 

A. a hydroxyl group in the 8 position strips 

out water with the para hydrogen atom, of 

the aromatic nucleus; 

H-N 
I 

o -C 

/ 
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B. the two hydroxyl groups in the 5 position 

strip out two molecules of water with the 

active hydrogens of the primary amine 

giving a Schiff base type of reaction to 

form the intensely colored azomethines. 
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The latter reaction was observed in the course of this research 
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problem, since the heterocyclic bases used contained aniline as an 

impurity. 

Ill* Of particular interest in the present work is the con¬ 

densation of alloxan monohydrate with active methylene groups. Up 

until the present time this type of reaction has been carried out 

only in the case of the pyrazole bases and compounds of the acetophenone 

type. In the first instance Pellizzari (S3), boiled the water solution 

of 1-pheayl 3-methylpyrazolone 5 with slightly more than the theoret¬ 

ical amount of alloxan, forming the phenylmethylpyrazolonetartronylurea 

according to the schemej 

-c   c,H. 
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On heating with concentrated hydrochloric acid this body stripped out 

one molecule of water to give the red crystals of the unsaturated 

1-phenyl 3-methyl 4-malonylureapyrazolone 5. hntipyrene was found to 

undergo a similar condensation with alloxan. 

The second type of condensation mentioned above takes place 

with a mobile hydrogen adjacent to a negative group, and may be illus¬ 

trated by Ktthling's (35) preparation of phenacyl dialuric acid brought 
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about by saturating a solution containing equimolecular parts of 

alloxan and acetophenone with hydrogen chloride. In a similar way 

the p-methoxy- and p-methyldialuric acids were prepared, but conden¬ 

sation between alloxan and acetone, acetyl acetous, and p-nitroacato- 

phenone did not take place. Milling concluded that in order for a 

ketone to react with alloxan it mist possess a certain minimum 

acidity (33, 34). 

cal action of alloxan on the animal organism and found the toxicity ae 

a capillary poison and convulsive poison correlated with: 

(a) a tendency to form the strongly acidic alloxanic acid so 

that the pH of the cells becomes unduly low; 

and (b) the ease with which alloxan is reduced by the thiol group 

The increased reactivity of the <-methyl group in compounds of this 

type is caused by the doubly hound nitrogen in the ring (36)—in the 

same way the methyl group in toluene is made available for condensa¬ 

tion by the introduction of the strongly negative nitro group into 

Labes and Freisburger (35) have investigated the physiologi¬ 

es in cysteine). 

Tlie second reactant in the condensation with alloxan is the 

active methyl group found in<-piooline and quinaldine. 
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tha 0* and p- positions ($7 )* Ao wills the nltra toluenes when© 

activation i© greater in the o- than in the p~ position, here the 

methyl group In the <*> position is sssch more reactive than that in 

the 

Condensations between the carbonyl group and sotlee methyl 

groups such m those found in®*, -plcoiine and quinaldino occur In two 

stages (SS)j 

pH H 
)C=Q + Hz-C'  ^ >C- — ■+ ' 

* Hz0 

The experimental condition® determine whether tie reaction stops with 

the formation of the sldol type of addition product or continues to 

the second stage with the stripping out of water* For example, 

Benrath C$0} obtained the ©Idol compound by mixing equbaolecular 

quantities of quiaaldine and bensaldehydo and exposing the mixture 

to light for one mcnth* At the end of that time the phenyl ®<-quin- 

aldyl oarbinol had crystallized out* On boiling this product with 

aoetio anhydride for three hours the second stage of the condense- 

tion tjfook place with the formation of aoetio acid and benzalquin** 

aldlne* fha latter compound was obtained in one operation by 

Baurath (40) when the theoretical quantities of the reactants were 

heated for six hours at 280-225°* Koelting end Witte (41) obtained 

the yellow o-nitrohenzalqulnaldine and p-amlso benzal quinaldlne by 
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heating the different substituted benzaldehydes with concentrated 

hydrochloric acid and quinaldine for ten hours on the steam bath. 

Of particular interest is the fact that the first synthesis 

of an alkaloid was accomplished by a reaction of this sort. In 1886 

Ladenburg (42) published an account of his synthesis of coniine by 

heatingc<-picoline with paraldehyde at 200-260° for ten hours in a 

sealed tube, and reducing the resulting allyl pyridine with sodium 

and alcohol. The racemic X-propyl piperidine upon biological resolu¬ 

tion yielded a d-isomer found to be identical with the natural coniine. 

, - c. — c ti. 
C.,' 1- 

Ko 

In this laboratory we hare been able to prepare three new 

hetero-cyolic barbituric acid derivatives by condensing quinaldine 

and two of its derivatives with anhydrous alloxan. In each case 

the aldol type of addition product formed and efforts to dehydrate it 

were not successful. 



PART II 

EXPERIMENTAL 
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Dehydration of Alloxan Monohydrate 

H-/V- 
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The preparation of anhydrous alloxan was first carried out 

by Blit2 (26), who heated the aonohydrate for one hour at 200-220° in 

a high vacuum. 

, !£he production of anhydrous alloxan for the following con¬ 

densations was accomplished by heating the monohydrate to 150-165° 

for three to four hoars in a current of air dried by ?205. Under such 

conditions the color changes from the white monohydrate to the deep 

yellow, anhydrous compound. 
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(1) Condensation of Alloxan Kith Quinaldine 

«,-W> ' - 142*05 ■ ■ 143,08 v- 288.13 

M. 0.00? 0,0033; ( 0.0035 - 

(has* liQB 0.511 - : 0.09? 

Since It was hoped that the reaction would go with the 

stripping out of one molecule of water from the above aldol addition 

product, an extra mol of alloxan was used to act as a dehydrating 

agent. 

1.022 gnu of alloxan was dissolved in 40 e.e. of hot ? 

absolute alcohol contained in a 200 c.e. round-bottom flask, giving 

a deep yellow solution. The flask was connected to a reflux con¬ 

denser provided with a calcium chloride tube to protect the contents 

from atmospheric moisture. When the base was added the color of the 

solution was not altered but a white solid began to separate. After 

refluxing for two hours the color began to change from a yellow to 

an orange. Following a total of four to five hours heating, the 

alcohol was distilled off leaving an orange yellow solid residue in 

the flask, This material was washed twice with ether to remove any 

unreaeted base and with water to remove the alloxan, which gave a 

deep red color to the solution. The water insoluble material was 
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filtered off. After recrystallization from aqueous alcohol the white 

material was found to decompose at 180-190°. 

Yield s 0.8 gm. or 80$ of the theoretical 

Micro-combustion analysis: (C14H11Q4N3) (285.13) 

Found Theory for Aldol 
Theory for 

Unsaturated Compound 

jte 3.89 3.86 3.37 

$0 58.21 58,95 62.92 

This combustion data indicates that the compound obtained is 

a hydrate of same sort, either 

(1) an aldol 

or (2) the unsaturated body with one molecule of crystal water, 

von Baeyer’s test was found to be negative, thus pointing to the first 

possibility. 
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(2) Condensation of Alloxan with Quinaldine 

2 Alloxan -t- Quinaldine —* Aldol Condensation Product 

M. W. 142.03 143.08 285.13 

Mj. 0.019 0.010 0.010 

Qms. 2.76 1.43 2.85 

This condensation was carried out as before with the ex¬ 

ception that the qulnaldine used had not been purified by diazotiza- 

tion and coupling to remove the aniline present. This condensed with 

the alloxan to give a deeply colored azomethine, which at first was 

believed to be the desired unsaturated condensation product. 
/ 

The 2.76 gm, of anhydrous alloxan was dissolved in 150 c.c. 

of absolute alcohol giving the usual yellow solution. On addition of 

the base the solution turned a deep purple-red color, which persisted 

after the four hour reflux and subsequent evaporation of the alcohol. 

The purple-red crystalline mass was treated with ether and water to 

remove base and alloxan, and the insoluble material filtered off. 

The crystalline solid was a deep pink to red in color and, after dry¬ 

ing in a vacuum over sulfuric acid, was found to turn white at 160° 

(corresponding to the decomposition of the colored azomethine), and 

then gradually decompose between 180° and 200°: 

Yield £ 2*04 gm, or 71,6$ of the theoretical 

Micro-combustion analysis; (C^H^jOiNg) (285.13) 

Found Theory for Aldol 

I II III 
3.92 4.09 3.92 3.86 

$C 58.82 59.09 58.17 58.95 
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In order to definitely establish the compound as the 

aldol, or quinaldyldialuric acid, an attempt was made to first deter¬ 

mine water of hydration. This failing, different dehydrating agents 

were employed in an effort to remove a molecule of water from the 

aldol compound, to yield the desired unsaturated derivative. A 

description of these procedures is given in the following pages. 
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Attempted Dehydration of Q,uinaldyldialur ic Aeid 

I. Determination of Hydrate later 

A 5.565 mg. sample of the quinaldine-alloxan condensation 

produet was weighed out in a platinum boat placed in a ’•pig'*. The 

boat was transferred from the ’’pig" to a micro-desiccator and heated 

in a stream of air dried by "dehydrate". After a period Of heating 

at a certain temperature, the boat was withdrawn, placed in the "pig", 

and weighed. The temperature was gradually increased. 

Wt, boat sample = 6.497 

ft, boat .st 0.952 

Wt, sample = 5,565 

Heated fort 

1 hour at 50° 

4 hours at 80° 

1 hour at 100° 

Wt. Sample 

5.568 

5.549 

5.538 

5.543 

Loss in ft. 

0.016 

0.027 

0.022 1 hour at 130° 

The loss of 0.022 mg, corresponds to 3.95$ water while the 

theoretical for one molecule of water is 6,32$. Then the observed 

loss was evidently caused by the escape of surface water. 

This indicates the aldol structure for the compound is the 

correct one, since ordinary crystal water would escape under the con¬ 

ditions to which the above sample was subjected, 

II, Attempted Dehydration by Means of Anhydrous Oxalic Acid 

QuinaIdyldialuric acid Oxalic Acid 

M.W. 285.13 90.02 

M. 0.0007 0.0007 

Gms. 0.20 0.06 
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0.06 gm. of anhydrous oxalic acid was dissolved in a small 

amount of absolute alcohol and added to the deep yellow alcoholic 

solution of the quinaldlne-alloxan product contained in a 200 c.c. 

round-bottom flask. The flask was connected to a reflux condenser, 

protected from atmospheric moisture by a ealeium chloride tube, and 

refluxed for five hours. At the end of that time the solution had 

become deep orange in color. After twenty hours of refluxing a small 

amount of a white material had crystallized from the dark red solution. 

The alcohol was removed by distillation and the dark red- 

brown residue agitated with water to remove the oxalic aoid, the 

aqueous solution being a deep red-orange color. . The insoluble material 

consisting of brown crystals was filtered off. The deep red filtrate 

became orange on standing in the light for two hours. 

The brown crystals were dissolved in hot 95$ alcohol and 

decolorized with norite. The white material that crystallized out 

decomposed between 185° and 195° and gave a negative van Baeyer’s test. 

Yield tt 0,08 gm. 

Micro-combustion analysis; (O14H11O4K3) (285.13) 

Found Theory for Aldol 

$H 3.84 3.86 

$C 58.77 58.95 

These values show that again efforts at dehydration ware unsuccessful. 

Ill, Attempted Dehydration by Means of Zinc Chloride 

According to Koenigs (43), when two mols of quinaldlne are 
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heated in an oil bath for three hours at 150-160° with one mol of 

benzal&ehyde and excess zinc chloride, bimolecular condensation 

occurs according to the scheme: 

C.H-0 * 

ca £w. 

A similar experiment was carried out with two mole of 

quinaldine and one mol of alloxan, with the hope that even if the 

condensation did not occur in the bimolecular fashion but mol for 

mol as before, perhaps the zinc chloride would dehydrate the aldol 

form and give the desired unsaturated compound. 

o 
— £ 

H-N  C 
tl 
0 

0 

*-* -c n 0 

U, W. 142.03 143.08 

3S- 7 o 
Mg. 0.00W 0.0035 

o.So i-c>o 
Gms. 1*00 0*5© 

285.13 

0.0035 

0.997 

1.00 gm. of quinaldine and 0.50 gra. of anhydrous alloxan 

together with a slight excess of zinc chloride were placed in a 200 c.c. 
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round-bottom flask and heated on the oil bath until the .inside tempera¬ 

ture was 105°. At that temperature a definite charring took place and 

the flask was cooled, leaving an orange-brown mass. This was agitated 

with ether several times to take up the excess quinalaine and then 

with water to remove zinc chloride and alloxan. The water-insoluble 

material was filtered, giving a deep yellow filtrate and an orange- 

brown solid mass. This solid material was recrystallized twice from 

aqueous alcohol and dried. 

Micro-combustion analysis; () (285.13) 

Found Theory for Aldol 

4.08 3.86 

%C 58.64 58.95 

Then it appears that simple addition oceured, molecule for 

molecule, and that bimoleeular condensation did not take place because 

of the necessarily low temperature used. 

XV. Attempted Dehydration by Means of Acetic Anhydride 

About 50 mg. of anhydrous alloxan was added to 15 c.c. of 

acetic anhydride and warmed on the steam bath, a clear lemon yellow 

solution being produced. A few seconds after adding several drops 

of quinaldine the color changed to an orange, and at the end of five 

to ten minutes heating on the steam bath the solution had become dark 

brown. At this point the heating was stopped and the mixture allowed 

to stand over night. During that time a deep yellow solid crystallized 

out on the sides of the flask. The dark solution of acetic anhydride 

was decanted from the yellow material and the latter washed several 
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times with water. This yellow solid was found to be insoluble in 

water and hot alcohol, and partially soluble in dilute sodium hydroxide 

solution. The sodium hydroxide changed the color from a deep yellow 

to white, the original color being restored on making acid with 

dilute hydrochloric acid. 

Micro-combustion analysis: 

Found 

fM 4.37 

64.28 

The theoretical value for the acetic acid salt of the aldol acetate 

(C'^QH'ijip— 387.32) is: 

4.39 

$0 55.85 

These values are nearer the found.percentages than are the values 

for any other possible structure. 
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Condensation of Alloxan with 2,6 Dimethyl Quinoline 

M.W. 142,03 157.20 399.23 

Ik 0,01 0.01 0.01 

Oms. 1.42 1.57 2.99 

The 1.43 gm. of anhydrous alloxan was dissolved in 100 c.c. 

of absolute alcohol giving a deep lemon yellow solution* The color 

remained unchanged when the base Was added. The solution was refluxed 

for ten hours during which there was a gradual separation of a white 

solid material on the sides of the flash. The alcohol was removed by 

distillation leaving an orange-brown mass, which, upon the addition 

of water, gave a deep purple solution with a Waite insoluble material 

separating. The solution was filtered and the precipitate washed 

several times with ether to remove the excess base. 

Yield = 0.80 gm., or 26.8$ of the theoretical. 

The material was dissolved in 95$ ethyl alcohol and decolor¬ 

ized with norite. It crystallized In white plates that turned brown 

at 185° and decomposed at 212°. 

Micro-combustion analysis; * (C-^Ej404Hg) (299.23} 

Found Theory 

4.91 4.34 

$0 60.96 60.20 
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Condensation of Alloxan with 2,4 Dimethylquinollne 

— C H-/V  C- 

The starting materials were available in too small a quantity 

to permit measurement. 

About four drops of the base (purified by diazotizatlon and 

coupling were treated with about 50 mg, of anhydrous alloxan in 

absolute alcohol solution and refluxed for seven hours. The solution 

gradually became an orange-brown color (deeper than with qulnaldine 

and 2,6 dimethyl quinoline) and a solid separated out. 

At the end of the period of reflux the alcohol was evaporated 

leaving an orange-brown mass, When this was treated with a small amount 

of water an orange-brown solution was obtained and very little solid 

material appeared. The solution was extracted with ether and the ether- 

water mixture allowed to stand overnight. In the morning quite a 

quantity of a white-yellow solid material had separated from the water 

layer leaving a pink water 'solution. This filtrate ms extracted twice 

with ether and set aside to evaporate. After standing for several 

weeks an orange gummy material that was too hygroscopic for combustion 

analysis separated. 

The solid precipitate was recrystallized from aqueous alcohol 

as white shiny plates that turned gray at 175° and decomposed at 
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195-200°. 

Micro-cotnbustioa analysis: () (299.23) 

Found Theory 

$&. 4.79 4.35 

sto 60.07 60.20 
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Condensation of Alloxan with ^-Picoline 

M. t. 142.03 93.11 235.14 

2k 0.01 0.01 0.01 

Gate. 1.42 0,93 2.35 

The alloxan was dissolved in 100 c.c. of absolute ethyl 

alcohol giving a lemon yellow solution. The color remained un¬ 

changed upon addition of the «<-piealine. After refluxing for one 

half hour the solution had become orange in color. 

During the tea hours of refluxing much lees material 

crystallized on the sides of the flask than in the case of 2,6 

dimethyl quinoline. The alcohol was removed by distillation leaving 

an orange-brown semi-solid mass all of which dissolved, giving a 

purple solution, when treated with about 75 c.c. of water. It was 

extracted twice with ether and set aside to spontaneously evaporate. 

/ 
The orange-red gummy mass that remained after the water had escaped 

evidently consisted of a mixture of the condensation product and 

alloxan. Ho effort was made to affect a separation of the two. 



Preparation of Quinoline 2-Aldehyde 

M. W, 143.08 111.2 157.15 

M. 0.028 0.04 0.028 

Oms. 4.00 4.50 4.39 

This synthesis was carried out according to the procedure 

of Henze (18). 

4.00 gm. of quinaldine was added to 60 c.c. of xylene 

contained in a 500 c.c. three-neck flask connected to a reflux con¬ 

denser and an air-driven mercury-seal stirrer. While the solution 

was held at boiling, 4.50 gm, of selenium dioxide was added in 

portions over a period of one half hour. As the selenium separated 

the solution became dark red and the metal settled out in the bottom 

of the flask. The solution was refluxed for one hour after all of 

the selenium dioxide had been added. 

and quinoline ©(-carboxylic acid (which separated on cooling) into a 

one-liter flask. On distilling in a current of steam the first portion 

of the distillate consisted of xylene while the last portion contained 

the desired aldehyde. The latter crystallized out, on cooling or 

allowing to stand overnight, in long white needles. 

The dark red solution was cooled, filtered free of selenium 



29 

Yield Q.5 gm. or 11,4# of the theoretical. 

After drying in a vacuum over sulfuric acid this material was found 

to melt at 67-69° as compared to 71° found by Henze for the anhydrous 

aldehyde. 
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Preparation of Barbituric Acid 

0 
c-o CJis 

l 
C"*. + 
/ 

H-W-H 
1 
c- 0 +■ 
/ 

M- N-H 

A<* + ^40H - 

0 // 
C  AV/ 

<„ / 
/<■ 

O M.fl 

O 
S-oVtr 
0 

u* w. 160.10 60.05 23.00 164.08 

Mz. 0,25 0.25 0.207 0.25 

Gms. 40. 15. 5.1 41, 

This synthesis was carried out according to the procedure 

given by Gabriel and Coliuan (44-),. 

5.1 gm. of clean sodium was added to 125 c,o. of absolute 

alcohol contained in a 500 c.c. round-bottom flask and, after the 

evolution of hydrogen had ceased, 40 gra. of malonie ester added. 

Upon addition of 15 gm. of dry urea dissolved in 75 c.c. of alcohol, 

the white sodium salt of barbituric acid began to separate. After 

refluxing for six hours the crystalline mass was treated with 200 c.c. 

of hot water which contained 19 c.c. of concentrated hydrochloric 

acid (sp. g. 1.19), and stirred until practically all of the material 

went into solution. The hot solution was treated with norite, 

filtered, and allowed to cool slowly. 

After standing overnight at room temperature the crystals 

of barbituric acid were filtered, washed with ether and water to 

remove malonie ester and urea, and allowed to dry. 

Yield z 7 gm. 
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The mother liquor was placed in the ice box for several 

days and an additional crop of crystals formed* These were filtered 

washed, and dried as before aqd found to weigh 7S®* 

Total Yield z 14 gm. or 34.1$ of the theoretical. 



(1) Condensation of Quinoline 2-Aldehyde with Barbituric Acid 

u o 

H. f . 157.16 138.07 413.13 

Ms. 0.003 0.003 0.0015 

Gffls. 0.41 0.39 0.62 

This condensation was carried out according to the pro¬ 

cedure of Conrad and Heinbach (9)* 

0.39 gm. of the barbituric acid was dissolved in BO c.o. 

of hot water contained in a BOO c.o. round-bottom flash and the 

water solution of the aldehyde added. The solution immediately 

turned a deep orange color. The flash was dosed, placed on the 

steam bath, and after less than five minute® of heating with fre¬ 

quent shaking, the solution turned dark red and a dark red solid 

separated. The heating was continued for one hour after which the 

flask was cooled in an ice bath and the solid filtered off. 

Tield s 0.46 gm,, or 74.3$, when calculated on the basis of the 

hydrated barbituric acid salt of the unsaturated compound. 
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This solid material was found to consist of a yellow 

material mixed in with the red. The yellow was believed to be the 

bimolecular condensation product resulting from the condensation of 

two mole of the aldehyde with one of the acid. To affect a separa¬ 

tion of the two materials, the mixture was treated with dilute 

sodium hydroxide, the red material immediately going into solution 

leaving the yellow undissolved. The yellow particles were removed 

by filtration and the filtrate made acid with dilute hydrochloric 

acid, when a deep red solid separated. This ms filtered, washed 

well with water, and dried in a vacuum over sulfuric acid. The red 

material begins to darken at 180° and is decomposed at 240°. 

Micro-combustion analysis: (HgO) (413.13) 

Found Theory 

I II 
3.63 3.61 3.41 

$0 52.49 52.4? 52.34 
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(S) Condensation of Quinoline 2-Aldehyde with Barbituric Acid 

M. W. 157. 164, 413.13 

Ss. 0.00080 0.00072 0,00036 

Gms. 0.125 0.118 0.149 

A trial run using very small quantities of the reactants 

in 10$ hydrochloric acid solution failed to show any of the yellow 

particles—only the red material was formed. 

0.125 gta. of the aldehyde was dissolved in 5 c.c. of 10$ 

hydrochloric acid in a 200 c.c. round-bottom flash. The barbituric 

acid was dissolved in 10 c.c. of the warm 10$ hydrochloric acid* 

then the two solutions were mixed the color became pale yellow, and 

changed, after heating for two to three minutes on the steam bath, 

to a deep orange. After five to six minutes of heating the solution 

was definitely red and ten minutes later the first few red crystals 

began to separate. At the end of one hour the material was filtered 

hot and washed well with water and ether. The filtrate was placed 

on the steam bath for an additional four hours of heating. 
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Yield = 0.090 gra. or 60.4$ of the theoretical. 

Micro-combustion analysis; (C18%2°6^5*®2^ (413.13) 

Found Theory 

I II 
$H 5.39 3.34 3.41 

$0 52.47 52.67 52.34 

Dumas nitrogen determination: 

3.890 mg. sample gave 0.490 c.c, of %(corrected) corresponding to 

15.75$ H. The theory is 16.95$. 

To make certain that the sample was burning completely in 

the combustion analyses, a determination was carried out in which the 

sample in a porcelain boat was covered first with a layer of potassium 

chlorate and then with a layer of copper oxide. 

Found 

$H 3.43 

$C 52.38 

Determination of Water pf Crystallization 

Wt. of pig boat sample z 8.549 

Wt. of pig boat = 0.569 

Z 7.981 

Heated for: Loss in It. $HQO 

4 hours at 102-104° 0.254 3.18 

2|- hours at 112-115° 0.306 3.83 

4 hours at 115° 0.362 4.53 

The theory for one molecule of crystal water is 4.36$ water. The 

value 4.53$ obtained corresponds to the loss of surface water as well 

as that chemically bound. 
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Preparation of Quinoline c*-Acrylic Acid 

o 
II o 

0 s£ C*® 
I I OD- 

H-N - { 
N-rt,. 

// - /x/ - e 

M. W, 143.03 143.08 199.19 

Mj. 0.036 0.013 0.013 

Oats 3.69 3.04 2.68 

This experiment, as well as the three following ones were 

the first condensations carried out between alloxan and the hetero- 

cyclic bases and resulted in the formation of the unBaturated amino 

acids. The experimental conditions were then changed so as to 

bring about the aldol condensions previously described. 

3.69 gm. of alloxan was dissolved in 300 c.o. of absolute 

alcohol and 3.04 gm. of quinaldine added. The color changed immedi¬ 

ately from an orange to a deep purple-red (azomethlne). After re¬ 

fluxing for five hours, the alcohol was distilled off leaving a 

purple-red solid residue from which the quinaldine was removed by 

steam distillation. 

A test portion of the solution in the flask after steam 

distillation showed that on adjusting the pH just neutral or slightly 

aoid to Congo red a white-yellow solid separates. On either side of 

this point, the compound is soluble. This solid material was filtered 

and recrystallized from aqueous alcohol. It darkens at 175° and 
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decomposes completely at 181°. Hie melting point given in the litera¬ 

ture (45) for quinoline -<-acrylie acid is 193° and it is described as 

being quite difficult to purify,, 

The liquid remaining in the flask after steam distillation 

was concentrated. On cooling, brown crystals separated. These were 

filtered, dissolved in dilute hydrochloric acid, and precipitated by 

adjusting the pH with sodium hydroxide. This solid material was 

decolorized: with norite and recrystallized from aqueous alcohol as 

white crystals that sinter at 153° and melt at 162-163°. 
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Preparation of p-Methylquinoline ^-Acrylic Acid 

». W. 142.03 188.11 

Ms. 0.026 0.013 

Gms. 3.61 2.00 

214.22 

0.013 

3.67 

The procedure was the same as in the preceding synthesis, 

the reactants being refluxed for three hours in 200 c.c. of absolute 

alcohol. The alcohol was evaporated and the excess base removed by 

steam distillation. On cooling the solution remaining after the 

current of steam was stopped, a crop of fine blue needles separated. 

The latter were dissolved in alcohol, decolorized with norite and 

crystallized out as fine white felted needles, which gave a positive 

von Baeyer’s test and decomposed at 210-220°. This compound has not 

been reported in the literature. 

AM* 
I 
c -o 
I 



39 

Preparation, of <T-Methylquinoline c<-Acrylic Acid 

M, W. 142.03 158.11 214.22 

Mj. 0.028 0.014 0.014 

Gms. 4.03 2.23 2.99 

As before, the reactants were refluxed for three hours 

in alcoholic solution and then the alcohol removed by distillation. 

After removal of the 2,4 dimethylquinoline by steam distillation a 

brown suspension remained in the flask. The suspension was filtered 

free of tarry lumps and, on making the clear amber filtrate slightly 

alkaline with sodium hydroxide, a precipitate of fine white needles 

separated. This material is slightly colored and when treated with 

norite and crystallized from aqueous alcohol comes out in white 

needles that melt with decomposition at 212-215°. The literature 

(46) reports 214° for ^-methy1quino1ine ^-acrylic acid. 
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Preparation of Pyridine-Acrylic Acid 

The pyridine ^-acrylic acid was not isolated by the pro¬ 

cedure used in the preceding three cases. This was caused by the 

fact that the acid is quite soluble in water as is the alloxan, and 

a separation of the two was not affected. 
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Summon-y 

(1) The following new compounds have been prepared by condensations 

between alloxan and the heterocyclic bases, 2-methylquinoline, 

2,4 dimethylquinoline, and 2,6 dimathylquinoline5 

(a) ,2,-quinolyldialuric acid 

(b) 4--methyl A-quinolyldialuric acid 

(c) (o-methyl ^-qulnolyldialuric acid. 

(2) A new colored heterocyclic barbituric acid derivative has been 

prepared by a Knoevenagel type of reaction between the carbonyl 

group of quinoline X-aldehyde and the methylene group of barbi¬ 

turic acid. 

(3) A new method has been found for preparing substituted quinolyl 

e^-aorylic acids. 
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