
I. THE IONIZATION OF AMI NO ACIDS AND OTHER POLY­

FUNCTIONAL ORGANIC COMPOUNDS IN THE SOLVENT 

SULFlJRIC AC ID 

I I • ST UDIES ON THE CHEMISTRY OF AZLACr.r ONES 

III . MISCELLANEOUS OBSERVATIONS ON AMI NO ACID 

DERIVATIVES 

IV. THE NODAL SILVER STAIN: ITS MECHANISM AND 

RELATION TO TF..E POTASSIUM LOSS OF ISOLATED 

NERVE 

Thesis by 

Joseph Lloyd O'Brien 

In Partial Fulfillment of the Requirements 

For the Degree of 

Doctor of Philosophy 

California Institute of Technology 

Pasad ena, Cal ifornia 

1952 



I wish to thank Dr. Carl Niemann for suggesting a re­

search subject which has proved more interesting than I could 

have anticipated. Dr. Niemann has g iven valuable advice 

during the course of the research. Working with him has 

been a pleasure. 

Dr. A. van Harreveld has provided me with a brief, but 

fascinating experience in physiology. His friendly help 

will not soon be forgotten. 

My thanks g o to Professor Howard . Lucas for his instruc­

tive role as the "boss" in · my work as a graduate assistant. 

I also wish to thank the following : The California 

Institute of Technology, . for a tuition scholarship; members 

of the faculty, for informative lectures; fellow gradua te 

students, for the pleasure of their company and forhelp­

ful discussions; Institute employees, and especia lly Mr. 

Robbins, for technical assistance; my mother, Mrs. Margaret 

O' Brien,. for encouragement; my sister, Kathleen~ for typing 

the manuscript; and all others who have helped make this 

work possible. 

Finally, to the late Freeman · H. Bailey _, friend and bene ­

factbr; I aff~ctibnately dedicate this thesis. 



Abstract 

The ionization of thirty compounds, including amino 

acids, Qt -acylarnino acids, amides and related comp ounds, in 

the solvent sulfuric acid has been determined by cryoscopic 

measurements. The results for the aliphatic amino acids 

clearly illustrate t he phenomenon of polybasic ionization 

in sulfuri c a cid and are a lso significant to the discussion 

of the mechanisms for certain acid-catalyzed reactions. Sul­

furic acid is found to catalyze both the dehydrative cycliza­

tion of 1)£.-acylamino acids and the bimolecular elimination 

of hydrazine from benzhydrazide. 

A sulfuric acid catalyzed Erlenmeyer synthesis is de­

scribed which g ives an excellent yield of 2-phenyl-4-benzal-

5-oxazolone, obtained as a mixture of the geometri cal isomers. 

The stereochemistry of t his condensation is considered and it 

is suggested that s ulfuric acid inhibits the mut arot ation of 

the intermediate addition product . The satisfactory yield with 

benzoylsarcosine provides definite evidence for the existence 

of an oxazolonium ion intermediate. 

Several reactions of amino acid derivatives are described, 

among t hem the cle avage of be nzenesul fonylg lycine by acetyl 

chloride. The structure of the so-called anhydropeptides is 

cons idered and it is concluded that a 5-imidazolone structure 

is unli kely. 

The nodal silver stain is shown to be a vital stain . A 

mechanism for this stain i s presented and shown to be similar 

to the process which probably causes the initia l potassium loss 

of isolated nerve. 
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A. An Introduction to Cryoscopic Measurements in Sulfuric 

Acid. 

Hantzsch (1-3) was the first to undertake a systematic 

study of the solvent properties of sulfuric acid by means 

of the cryoscopic, or freezing point depression, method. 

This investigator found that many organic compounds behave 

as bases when dissolved in sulfuric acid, i.e., they ac-

cept a proton from the solvent according to the following 

ionization reaction: 

( 1 ) 

Compounds ionizing in this manner include not only the 

organic derivatives of ammonia but a lso a wide variety of 

organic oxygen compounds such as ethers, aldehydes, ketones, 

carboxylic acids, etc. The strongly acidic character of 

the solvent sulfuric acid thus renders basic even those 

functional groups which exhibit acidic properties in aqueous 

systems. Water itself is ionized as a base in sulfuric acid. 

In Hantzsch's experiments with the anhydrous solvent 

the observed molecular weights for compounds ionizing ac­

cording to equation (1) averaged about 60% of the calculated 

value. Since the van't Hoff 1-factor (as applied in cry­

oscopy) may be defined as the r atio of the actual freezing 

point depression to the depression which would be caused 

by an equimolal amount of an ideal non- electrolyte, this 

corresponds to an 1-factor of 1.67. The theoretical value 

is 2. Although he considered the possibility that repres-

sion of the dissociation of the solvent sulfuric acid might 
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contribute to the difference between the observed and the 

theoretical values, Hantzsch chose to minimize this possi-

bility. He believed, instead, that low 1-factors in sulfuric 

acid were caused primarily by the incomplete dissociation 

of ion pairs. Thus, Hantzsch concluded that the ionization 

of water in sulfuric acid to form "hydroxonium sulfate", 

+ -H30 HS04 , is practically complete, but that the dissocia-

tion of this salt to free ions is only about 2/3 complete. 

He considered this situation to be true of the basic organic 

solutes as well. 

Hantzsch (3) also studied a series of polynitrogenous 

compounds capable of accepting more than one proton from 

sulfuric acid, i.e., of ionizing in the following manner: 

(2) 

His results are summarized in Table I. 

Table I 

Cryoscopic Results of Hantz sch for Polynitrogenous Bases 

Number of N Atoms 2 3 4 5 

Maximum No. of Ions 3 4 5 6 

Observed 1-f actor 2.0 2.5 3.0 3.4 

Pointing out that a different 1-factor is observed for 

each group of compounds, Hantzsch concluded that each group 

ionizes in a characteristic manner. He considered that 

each combines with as many moles of sulfuric a cid as there 

are nitrogen atoms in the molecule. Thus, benzamidine was 

pictured as forming a 11 disulfate" , hydrazoic acid a "tri-
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sulfate", aminoguanidine a 11 tetrasulfate" and aminotetrazole 

a "pentasulfate". This interpretation implies that the 

higher sulfates are increasingly less dissociated for the 

1-factors observed represent an increasingly smaller per­

centage of the maximum number of ions. We shall return to 

the consideration of Hantzsch's conclusions after discussing 

the findings of other workers. 

Oddo and Scandola (4) had been doing independent work 

on sulfuric acid cryoscopy at the time of publication of 

Hantzsch's first paper on the subject (1). Observing van't 

Hoff 1-factors of 2.0 for pyridine and quinoline, these 

authors challenged Hantzsch's conclusion that a mmonium (and 

also oxonium) salts are not completely dissociated in sulfuric 

acid. This touched off a rather bitter polemic series in 

which both Hantzsch and the Italian authors repeated their 

own experiments and maintained their separate points of view. 

Charges and counter-charges were made in publications by both 

parties in the years i mmediately following , but their differ­

ences were not reconciled. 

Succeeding papers by Oddo and Scandola (5,6) and by Oddo 

and Casalino (7) considerably extended the scope of the field. 

But an understanding of the reasons behind their disagreement 

with Hantzsch, as well as for the lack of uniformity in their 

own results, did not emerge from their work. 

It remained for Hammett and Deyrup (8) to present a 

cogent interpretation of the nature of the solvent sulfuric 

acid. These authors deduced fro m their measure ments tha t 

sulfuric a cid is ion ized to a considerable extent i n the 
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pure state, according to the reaction 

( 3) 

They also considered that a more complex ionization such as 

(4) 

was possible. Therefore, when a basic solute is added to 

the solvent, the bisulfate ions produced according to equa­

tion (1) repress the self-ionization of the solvent in such 

a way that the net increase in ionic concentration is less 

than it would otherwise be. The result is an apparent incom­

pleteness of ionization of the basic solute and/or incomplete-

ness of dissociation of the resulting bisulfate salt. However, 

Hammett and Deyrup found that if they used as a cryoscopic 

solvent sulfuric acid which contained enough water to com-

pletely repress the self-ionization, this disturbing factor 

was not evident . Thus, in slightly aqueous sulfuric acid they 

observed for practically all solutes, inorganic and or5anic, 

an apparent degree of ionization of very nearly 100%. They 

concluded that water, inorganic sulfates and most organic 

solutes are both completely ionized and completely dissociated, 

even in sulfuric acid solutions of moderately large ionic 

strength. Aside from experimental inaccuracies , it would 

therefore appear that Hantzsch's low 1-factors were caused by 

his using the pure solvent without attempting to correct his 

results for the repression of the self- ionization . His 

resultant conclusion that salts are incompletely dissociated 

in sulfuric acid was therefore erroneous. It follows that 
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his conclusions r egarding the degree of ionization of certain 

polynitrogenous bases (cf. Table I) must be regarded as very 

doubtful. The varying amounts of apparent ioniz~tion observed 

by Oddo and his co-workers can be attributed to their use of 

sulfuric acid which c ontained more or less water. 

Treffers and Hammett (9), extending their studies with 

the slightly aqueous solvent, made further general conclusions . 

They considered that complic ations due to interionic forces 

and ion a ssociation are so s mall in sulfuric a cid that the 

van't Hoff l-factor is a rela tively a ccurate measure of the 

number of ions produced by the solution of one molecule of 

solute. In s pite of t his supposedly ideal situation certain 

minor devi ations were detect ed. Thus, t hey found that the 

l-factors observed for benzophenone and benzoic · a cid showed 

an apparent concentration dependen ce . The values of l for 

these solutes were below the ideal fi gure 2 at low concentra­

tions and above it at high concentrations. Treffers and 

Hammett st ated t hat withdrawal of solvent by solvation of the 

formed ions wa s a probable cause of such deviations. However, 

they were apparently undecided a s to the exact nature of this 

concentration effect. 

Later workers have appl i ed the method s of Hammett and 

hi s co- worke r s (8,9) to problems of their own particular 

i nterest. Little attention has been paid to the elucidation 

of those properties of the solvent sys tem which would explain 

the deviations noted above. Newman, Kuivila and Garrett (10) 

have s een fit to make a clas s ification of the ionization of 

or ganic comp ound s i n sulfuric acid into t wo types , namely, 
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normal (as in equation 1) and complex ionization. The latter 

designates ionization in which the orig ina lly formed conjugate 

acid is unstable and breaks down to g ive other products, which 

usually r eact further with sulfuric a cid . Examples of complex 

ionization are t he ion izat ion of triphenylcarbinol (1,5,8), 

2,4,6-trirnethylbenzoic acid (9) and o-benzoylbenzoic acid (10). 

These authors have called a ttention to the correla tion which 

exists between the t y pe of ionization exhibited and the reac -

tivity of the organic s pecies in solution. 

Newman, Craig and Garrett (11) and Price (12) h ave inves-

tigated the ionization of organic silicon compounds in sulfuric 

acid. The cryoscopic behavior of esters has b e en studied by 

Kuhn a nd Corwin (13) a nd by Kuhn (14) . However, no revisions 

of t he general t e chnique of Hammett and Deyrup were advanced 

by any of these workers. 

This was the situa tion a t the time the cryoscopic work 

reported in thi s t hes is was begun. We therefore employed the 

g eneral techni que of Hammett and co -workers ( 8 ,9), using an 

a ppar a tus similar to t hat described by Newman, Kuivila and 

Garrett. In order to standardize our experimental procedure, 

we have investig ated the cryoscopic behavior of p otassium 

sulfate , barium sulfate a nd benzoic acid. Our results with 

the inorganic su lfat e s d if f er from t h ose of Hammett and Deyrup 

(8) in one sign ificant respect. For both solutes, our initial 

value of t he 1-fact or, a t mola lities of a bout 0.02- 0.03, is 

~~ These authors failed to recognize polybg,sic ioniza tion 
a ccording to equation (2) in t heir classification. 
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less than the theoretical value by about 0.15-0.20. The 

1-factors then increase with increasing solute molality, 

approaching the theoretical values. The results with benzoic 

acid were practically identical and therefore in confirmation 

of the results of Treffers and Hammett (9) for this solute. 

It appeared that the concentration effect was a more general 

phenomenon than had been previously supposed. Indeed, as will 

be seen, we encountered this effect with practically all the 

solutes we investigated. But even after all our measurements 

had been completed, we did not have a satisfactory explanation 

for these deviations. 

In the interim there h a s appeared a series of papers by 

Gillespie, Hughes, Ingold and co-workers (15 - 21) on cryoscopic 

measurements in sulfuric acid. The English authors have con-

ducted a thorough, precise and fundamental investigation. They 

g ive revised values for the cryoscopic constant, heat of fusion 

and melting point of sulfuric acid. Furthermore, they have 

accurately determined the va lue of the equilibrium constant for 

the self-ionization, or autoprotolysis (equation 3), and find 

it to be 

K = ap 

They also derive an ionic self-dehydration constant for the 

reaction 

(5) 

and report this as 
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These constants refer to the self-dissociation reactions which 

* take place in pure sulfuric acid of the maximum freezing point. 

Gillespie, Hughes and Ingold introduce a new quantity, 

called the y-factor, which they define as the number of kinet­

ically separate, dissolved particles (molecules or ions) that 

are produced by the addition to the solution of one molecule 

of solute. They point out that even with the assumption of 

ideality (and they conclude that inter- ionic forces in sulfuric 

acid are completely negligible) they-factor and the van't 

Hoff 1-factor (as defined on page 1) are in general not numer-

ically equal. The chief reasons for this are disturbances 

which lie outside the scope of the ideal solution law. We 

have already discussed the importance of the phenomenon of 

repression of the self-di s sociation of the solvent. We turn 

now to two other phenomena which the English investigators 

have found are essential to a complete understanding of sul-

furic acid cryoscopy. 

Gillespie (16) has deduced that water is not completely 

** ionized in the solvent sulfuric acid. As a consequence, the 

basin ionization of water is repressed by the addition of 

inorganic sulfate or of any organic solute ionizing according 

to equation (1). The net increase in particle concentration 

is thus less than it would be if water were an infinitely strong 

base in sulfuric acid. Hence, the resultant depression of the 

freezing point of sulfuric a cid containing water is smaller 

* l0.36°C (15). The previously accepted value (1) was 
10.46oc. 

~~* It has been computed that about 7% of water remains 
non-ionized at 0.1 molal concentration (16). 
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than it would otherwise be. This explains why 1 - factors for 

ionizing solutes in slightly aqueous sulfuric acid may be less 

than the theoretical v a lue . In calculating y - factors allowance 

is made for alteration of tbe ionization of water by the added 

solute. 

The English authors a lso find th~t solvation is an i mper-

tant factor in sulfuric acid cryoscopy . In more concentrated 

solutions solvation becomes more extensive . As a result, 

successive equimolal increments of solute cause successively 

greater depressions in the freezing point, by virtue of the 

* removal of solvent mole cules through solvation of the solute . 

Hence, the 1 - factors increase with increasing solute concen-

tration . The v-factors are corrected for the effects of 

solvation. 

Examination of the data of Gillespie, Hughes and Ing old 

(15) shows that the effects of incomplete ionization of water 

and of salvation , while opposite in sign , are of approximately 

the same order of magnitude . Hence, in a given successive-

solute - increment type of experiment, values of the 1 - factor 

which are initially low due to the presence of water can in-

crease to the theoretical v a lue by virtue of salvation , and 

even rise above this in more concentrated solutions of some 

(highly solvated) solutes . This is precisely the apparent 

concentra tion dependence of the !~factors described by Treffer s 

and Hammett (9) for the solutes benzophenone and benzoic acid , 

~~ This is over and above the disappearance of solvent in 
the ionization reactions (equation 1) , which is allowed for in 
t he calculation of 1-factors . 



-10-

and observed in the present work for potassium sulfate, benzoic , 

acid and other solutes. It is clear that this "concentration 

effect" is not caused by any deviations from ideality peculiar 

to organic solutes but must be considered a natural consequence 

of the properties of the solvent system (slightly aqueous sul­

furic acid). The deduction of Treffers and Hammett (9) that 

this effect is dependent upon the nature of the solute is con-

firmed in our results. To explain this fact, one need only 

consider that the degree of solvation is different for com­

* pounds of different molecular structure. 

Finally, Gillespie (22) has reverted to the use of pure 

sulfuric acid (prepared by adjusting to the maximum freezing 

point) as a cryoscopic solvent. The disturbances caused by 

the self-ionization reaction may now be corrected for easily 

by applying the autoprotolysis constant, whose value has been 

given (page 7). Although the corrections necessary are quite 

large, the corrected results appear consistent and accurate, 

at least for the few solutes investigated in this manner. The 

uncertainties caused by the presence of water in the solvent 

~~* are absent and the calculations are simple. In view of these 

facts, it would seem that the use of slightly aqueous sulfuric 

acid for cryoscopic work, as recommended by Hammett and Deyrup 

(8), is no longer justified. 

* An additional factor enters the picture with solutes 
which generate different amounts of bisulfate ion. Here there 
may be unequal effects on the ionization of the water present 
in the solvent. 

** Further simplification in the calculation of y-factors 
is possible if one assumes that the formed ions are not sol­
vated, but this is not an accurate assumption in many cases. 
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The results of our cryoscopic measurements on sulfuric 

acid solutions of potassium sulfate, barium sulfate and 

benzoic acid are summarized in Table II. T is the initial 

freezing point of the sulfuric acid; Am , the increment in 

molality of the solution; AT, the (corrected) resultant 

freezing point depression; and 1, the van't Hoff factor 

calculated from the relation (8 - 10): 

(6) 1 = 
~m x 6 .154 (1 - o.oo47t) 

'1 T 

where 6.154 is the molal freezing point depression constant 

of sulfuric acid and t is the mean depression, which is the 

difference between the freezing point of pure sulfuric acid, 

taken as 10.46°c (1), and the mean of the initial and final 

values which determine T ( 9). 

T 

10 . 0 

9.8 

Table II 
/j ID 

0.0195 
0. 0468 
0.0552 
0.0566 

Ba(HS04) 2 

0.0299 
0 . 0172 

Benzoic acid 

0. 0263 
0.0346 
0.0436 

/j T 

0.221 
0. 553 
o.689 
0.692 

0.392 
0.310 

0. 302 
o. 411 
0 . 531 

i 

1.84 
1.93 
2.04 
2.01 

2.80 
2.95 

1 . 87 
1.93 
1.99 
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B •. The Ionization of Amino Acids 

Our knowledge of the behavior of amino acids in aqueous 

solution has progressed rapidly since it was first recognized 

(23, 24) that the properties of these solutions could be best 

interpreted in terms of the dipolar ionic structure. Several 

excellent reviews of the subject are available (25-27). How-

ever, there is very little fundamental information relating to 

the properties of amino acids in very strongly acidic media. 

Interest in this phase of amino acid chemistry has been in­

creased by a recent discussion (28) of the racemization of 

optically activec£-arnino acids by heating them in aqueous 

solution in the presence of a strong acid (sulfuric or hydro­

chloric) catalyst. It would appear that if the acidity of the 

solvent is increased sufficiently, complete racemization can 

be achieved at relatively low temperatures, i.e., about l00°C. 

Accordingly, these racemizations have been postulated to take 

place through a doubly charged amino acid cation, it being 

assumed that the carboxyl group of an amino acid cation can 

ac cept a proton in very acidic solutions in the same way that 

benzoic acid accepts a proton in sulfuric acid. The mechanism 

suggested (28) for the acid catalyzed racemization of an 

<X -amino acid is g iven below: 

(7) 

+ + + + 
//0 +H ~OH -H _ -90H 

R-CH-C ' ~ R-CH-' ~ R- C-C 
I + 'oH + I + OH + I +'-ott 
NH3 - H NH3 + H NH3 

I II III 

,..-OH 
R-C-C 

, - +'OH 
NH3 

IV 
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It is argued (28) that the positive charges on the doubly 

charged cation (II) will promote ionization of the hydrogen 

on the CX.-carbon atom and also that the resulting ion will 

be a resonance hybrid of III and IV and thus be stabilized. 

The sequence of steps would transform the asymmetric cation 

(I) into a cation{(III; IV)? which has lost its asymmetry. 

The latter, on reversal of the prototropic changes, would 

revert to the racemized amino acid cation. 

The only experimental evidence for the existence of a 

doubly charged amino acid cation (II) is the single observa­

tion of Thoma s and Niemann (29) that L-leucine has a van't 

Hoff i-factor of 2.2 in sulfuric acid. This result indicates 

that in addition to the first ionization which is complete 

according to the equation 

+ + 
( 8) RCHNH3C02 + H2S04"' .._ RCHNH3C02H + HS04 

there is a small but significant amount of a second ioniza-

tion of the type 

+ ++ -
( 9) RCHNH3C02H + H2S04-Z-- RCHNH3C02H2 + HS04 

It is apparent that the lack of extensive protonation of the 

carboxyl group of L-leucine cation in sulfuric acid must be 

attributed to the electrostatic influence of the positively 

charged ammonium group on the (){.-carbon atom. Hantzsch (1) 

and Oddo and Casalino (7) found that dichloroacetic acid was 

incompletely ionized in sulfuric acid. Their results, although 

of doubtful accuracy, indicate a somewhat greater extent of 

protonation for this acid than that found for L-leucine cation. 
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These authors, as well as Hammett and Deyrup (8), believed 

that trichloroacetic acid was not protonated at all . The 

latter conclusion has been questioned recently by Gillespie, 

Hughes and Ingold (15) , but no new experimental evidence has 

yet appeared. The dangers involved in attempting to predict 

the relative basicity of these electronegatively substituted 

acids in sulfuric acid from their relative acidity in water 

should be obvious . 

We have reinvestigated the ionization of L-leucine in 

sulfuric acid and also determined that of glycine. The van't 

Hoff 1-factors observed are: glycine, 2.2; L-leucine, 2.3. 

It is clear that differences of 0.1 unit in the i-factor must 

be regarded as being of questionable significance. The present 

results are therefore considered to be a good confirmation of 

the work of Thomas and Niemann (29). 

It has thus been est ablished that significant amounts of 

the doubly charged cation exist in solutions of ()( - amino acids 

in sulfuric acid. Yet, Thomas and Niemann (29) found that a 

solution of L- leucine in approximately 100 per cent sulfuric 

acid showed no loss of optica l activity on standing for over 

one month at room temperature. It is necessary to conclude 

that the rate of racemization of the doubly charged cation is 

extremely slow under these conditions. It should be remembered 

that if the concentration of water is low enough to be con­

sidered negligible, the only proton acceptors in this system 

are amino acid cation and blsulfate ion. These very weak bases 

would not be expected to show much tendency to promote loss of 

a proton from the {)l - carbon atom. The conditions for racemiza-
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tion imply the necessity of the presence of water in substantial 

amount (and the application of heat). However, the concentra-

tion of the doubly charged cation in systems containing much 

water, i.e., in dilute aqueous acid, must be very small. We are 

therefore led to view with some apprehension the mechanism pre-

sented for the acid-catalyzed racemization in aqueous systems 

(equation 7). Quantitative kinetic data confirming the indi ­

cated first -order hydrogen (hydroxonium) ion catalysis must 

be obtained before this mechanism can be accepted. 

We have also investigated the ionization of the (3 -, 'f- , 

and € -amino acids in sulfuric acid. It was found tha t the 

effectiveness of the positively charged ammonium group in pre-

venting protonation of the carboxyl group diminishes in a 

uniform manner as the distance between the groups increases. 

The 1-factors obtained were: ~ -alanine, 2. 7; 'f -amino-n­

butyric acid, 2.9; and E -amino-n-caproic acid, 3.0. The 

last value i-ndicates tha t the di-protonation of the € -amino 

acid is essentially complete, according to the equation: 

( 10) 

We have thus observed the theoretical value (1 = 3) for 

the ionization of a di-acid base in sulfuric acid. Polybasic 

ionization a ccording to equation (2) must the refore be recog-

nized as a normal mode of ionization in this solvent. From 

the ab ove considerations it is clear that the degrees of 

ion1zation postulated by Hantzsch (3) for certain polynitroge­

nous compounds are almost certainly incorrect (cf. Table I). 

While it is conceivable that some compounds are capable of 
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i onizing completely as tri- or tetra-acid bases in sulfuric 

acid, we should not expect such ionization to occur unless the 

basic functions are sufficiently far apart in the molecule. 

Hantzsch's results (3) indicate that he mistook differences 

in the extent of ionization (relative completeness of a given 

stage of ionization) for differences in the degree of ioniza­

tion (the stage of ionization, i.e., di-, tri- or polybasic 

ionization). 

The cryoscopic behavior of € -amino-n-caproi c acid is 

in accord with the observation that this acid gives a satis­

factory yield (70%) of pentarnethylenediamine in the Schmidt 

reaction (30). As pointed out by Newman and Gildenhorn (31) 

and by Smith (32), the occurrence of the Schmidt reaction is 

dependent upon the extent to which the carbonyl compound is 

protonated by the strong acid catalyst . 

Unfortunately, our data are not accurate enough to permit 

the calculation of reliable dissociation constants for the 

doubly charged amino acid cations. The chief reason for this 

is that we have only an approximate knowledge of the concen­

tration of water in the slightly aqueous sulfuric acid used 

as the solvent in the cryoscopic determinations. The impor­

tance of having an accurate knowledge of the amount of water 

present in the solvent has only been appreciated since the 

experiments of Gillespie (15) on the behavior of water in 

sulfuric acid have appeared. Because of this, we cannot 

accurately compute the total bisulfate ion concentration in 

our cryoscopic solutions. However, if we assume that the 

total bisulfate ion concentration is approximately the same 
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in all cases, we can derive an empirical dissociation constant, 

K', in the following manner: 

From equations (8) and (9) it is seen that in a solution 

which is one molal in amino acid, to a first approximation 

( 11) 1 =2: f (RCHNH3C02~ )+(RCHNH3C02H+ H-(RCHNH3C02H;+) + 
(Hso; )I+(HS04- )Ill 

where (Hso4 )1 and (HS04- )II refer to the bisulfate ions pro­

duced in the first and second ionizations (equations 8 and 9, 

respectively), and with the concentrations in molalities. 

Since the data indicate that reaction (8) is complete 

( RCHNH3col ) = 0 and ( HS04- ) 1 = 1. From the relationships 

(RCHNH3co2H:+)=(HS04- )II and (RCHNH3C02H+) = 1 - (RCHNH3co2H;+) 

it follows that 

(12) 

The quantity K' may be defined as the ratio of the concentration 

of the singly charged amino acid cation to that of the doubly 

charged cation, i.e., 

(13) K' = 

K' may be taken as a 

(RCHNH CO H+ 
RCHNH3C02H2++ 

measure of the dissociation of the doubly 

charged cation. Values of this constant may be calculated from 
+ 

equation (12) and the relationship, (RCHNH3C02H ) = 1 -

(RCHNH3co2H2++). Values of K' were calculated for the ()/., (3 
and t - amino acids and are listed in Table III with approximate 

values of log K' . 



-18-

Table III 

Amino acid 1 K' log K' 

Glycine 2.2 4.0 o.6 

(1 -alanine 2.7 0.4 -o.4 

'r -amino-n-butyric acid 2.9 0.1 -0.1 

* A plot of log K' as a function of the reciprocal distance 

between the polar groups is approximately linear, as shown in 

Figure I. The same relation has been shown to exist for the 

logarithmic dissociation constants, pK1 , of the amino acids in 

aqueous solution (26). It is surprising to find that a direct 

plot of the van't Hoff _!-factor versus l/d shows a better 

approximation to linearity (cf. Figure I), but this is perhaps 

fortuitous. These derivations may be considered to speak well 

for the internal consistency of the cryoscopic data, although 

they admittedly are only of semi-quantitative significance. 

We have also determined the extent of ionization of the 

isomeric aminobenzoic acids in sulfuric acid. It was found 

that the ortho-compound, anthranilic acid, behaved very much 

like an lX-amino acid, g iving an 1 - factor of 2.3. The meta-

and para-compounds were very similar to each other, the 1-

factors observed being 2.7 and 2.8, respectively. It is 

interesting to note that these results offer no support for 

the preferential relay of the inductive effect of a substituent 

* The distance, d, is taken as the number of carbon atoms 
separating the groups. 
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Figure 1. Ionizati on of aliphatic ·amino acids in 

sulfuric ·• acid; o - plot of _! versus . l / d; • - plot of 

log Z' versus l/d •. 
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group to the ortho- and para-positions of the benzene ring. 

This postulate, , one of the features of the English electronic 

theory (33), has been criticized recently by Roberts, Clement 

and Drysdale ( 34), who offer new experimental evidence to the 

contrary. Our data appear to confirm their conclusion that 

the inductive effect of a positively charged ammonium group 

on the benzene ring is best regarded as falling off smoothly 

with distance, possibly in .accord with the Coulomb law . Thus, 

the extent of ionization of the isomeric aminobenzoic acids 

in sulfuric acid, like that of the aliphatic amino acids, is 

primarily determined by the electrostatic interaction of the 

ammonium group and the protonated carboxyl group. 

The results of the cryoscopic measurements on sulfuric 

acid solutions of the amino acids are summarized in Table IV. 

Table IV 

T Am AT i 

Glycine 

9.6 0 . 0477 0.565 1.94 
0.0548 0.709 2.12 
0.0461 0.593 2.12 

9.8 0.0583 0.703 1.96 
0.0709 0.920 2.13 
0.0468 0.625 2.20 

10.4 Depressed with potassium sulfate ~ 

9.2 0.0630 0.794 2.06 
0.0528 0.715 2.23 
------ 0.718 
0.0380 0.511 2.22 

L- Leucine 

9.9 0.0411 o.489 1.94 
------ 0.485 
0.0480 0.671 2.28 
0.0437 0.610 2.29 
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Table IV (cont'd.) 

T !:,. m AT i 

(3-alanine 

10.2 0.0538 0.838 2.54 
0.0538 0.867 2.64 
------ 0.868 
0.0370 0.602 2.67 

')"-amino-n-butyric acid 

9.9 0.0337 0.559 2.70 
0.0459 0.788 2.81 
------ 0.792 
0.0545 0.966 2.91 

€ -amino-n-caproic acid 

9.9 0.0346 0.582 2.75 
0.0352 0.624 2.90 
----- - 0.617 
0.0350 o.641 3 . 00 

Anthranilic acid 

10.0 0.0435 0.536 2.01 
0.0492 0.624 2.07 
0.0388 0.539 2.28 
------ 0.543 
0.0370 0.515 2.29 

m-aminobenzoic acid 

10.1 0.0220 0.334 2.47 
0.0339 0.547 2.64 
------ 0.543 
0.0588 0.962 2.68 

p-aminobenzoic acid 

10.1 0.0286 0.447 2.55 
0 . 0411 o.655 2.61 
------ 0.657 
0.0505 0.853 2.77 
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The factors underlying the usual increase in the value 

of i with increasing solute concentration have been discussed 

earlier (Part I, section A). For benzoic acid, i-factors 

very close to the theoretical value of 2 are observed at a 

concentration of about 0.1 molal (9). This may also be seen 

in Table II (page - 11). It would appear that for carboxylic 

acids this is the concentration at which the effects of in­

comp:::i.ete ionization of water and solvation of the solute are 

canceled. In the case of benzoic acid, there is but little 

tendency for the i-factors to increase significantly above 

the theoretical value at higher concentra tions (9,10). That 

one is justified in extending these conclusions to the amino 

acids is seen in the results obtained for e -amino-n-caproic 

acid (cf. Table IV). Here the theoretical value of 3 is ob­

tained at a concentration,~ ( ll m), of 0.1 molal. Therefore, 

in deriving the values of the van't Hoff i-factor for the 

amino acids considered in the previous discussion, extra 

weight has been given to those values obtained at~ (.A m)~O. l. 

The initial value of a series is always much t oo low, and has 

been excluded. For these reasons the i-values quoted in the 

discussion are not averages of all the values shown in Table 

IV. The fact that the rounded values are probably accurate 

to± 0.05 supports our previous conclusion (page -14) that 

differences of 0.1 unit in the 1-factor are of questionable 

signif icance. 
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C. ()l-Acylamino Acids: The Acid Catalyzed Cyclization 

Reaction 

It was previously shown (Part I, section B) that ()(-amino 

acids ionize normally in sulfuric acid solution to give van't 

Hoff i,-factors of about 2.2. This indicates that there is a 

small but significant amount of a. second ionization to form 

the doubly charged amino acid cation. It seemed of interest 

to determine the effect of acylati on upon the ionization prop-

erties. We have therefore investigated the cryoscopic behavior 

of a few Dl - acylamino acids in sulfuric acid. The following 

i - factors were observed: acetylglycine, 2.5; benzoylglycine, 

3.6; and benzoylsarcosine, 3.8. These data indicate that in 

sulfuric acid solution the l)l -acylamino acids undergo a complex 

ionization (page 6). It is concluded that these acids are 

cyclized, at least in part, to the corresponding oxazolonium 

ions via the following reaction mechanism: 

(14) 

+ ~==='~ H 

VIII. 

13 (t)/OH 

R2 - r - C'OH 

R1 -N .;:,:;O 
'c~ 

I VII. 
R 
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The reason for believing that the conjugate acids of the 

carboxylic acid (VI I ) and carboxylic acid amide (VI) functions 

have the structure in which the proton is attached to the 

carbonyl oxygen atom lies in a consideration of the resonance 

energies of these sy stems. The matter is discussed in some 

detail by Hammett ( 35) and by Wheland ( 36). In all cases 

(VI, VII, and VIII) the structure shown is tha t one of the 

contributing resonance structures which is considered to make 

the greatest contribution to the ground state of the cation •. 

Structures VI and VII are in tautomeric (prototropic) equi-

libriurn; due to the greater basicity of the amide function VI 

would be expected to predominate. 

We have obtained additional data which support the postu­

lated cyclization of ~ - acylamino acids in sulfuric acid. 

Thus, when a sulfuric acid solution of p-nitrobenzoylalanine 

is quickly poured into an excess of cold aqueous potassium 

hydroxide, the intense red-violet color characteristic of the 

corresponding azlactone in basic solutions (37, 38) is observed. 

Furthermore, when a sulfuric acid solution of Ol -acetamido-

cinnamic acid, which has been allowed to stand overnight at 

room temperature, is poured into cold water, 2-methyl-4-benzal-

5-oxazolone may be isolated . 

The 1 values indicate that the cyclization of both 

benzoy1glycine and benzoylsarcosine is essentially complete, 

according to the overall equation 

(15) 
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I t should be pointed out that although the theoretical value 

of 1 for equation (15) is 4, the fact that one of the products, 

water, is not completely ionized in sulfuric acid (16) indi­

cates that we should expect to observe l,-factors of less than 

4. Thus, Gillespie and co-workers (17) have calculated a 

theoretical v-factor for nitric acid (which ionizes in a manner 

completely analogous to equation 15) of about 3.8. The proxi­

mity of the 1-factors of the benzoylamino acids to this revised 

figure suggests nearly complete cyclization. It also indicates 

that there is little or no tendency for the oxazolonium ions 

to undergo further ionization. 

The similarity in behavior of benzoylglycine and benzoyl­

sarcosine may at first seem surprising, but there is no feature 

of the reaction mechanism (cf. equation 14) which would render 

the N-methyl compound incapable of cyclization. The ring 

closure step (VII.-..VIII) may be described as a nucleophilic 

displacement on the carbon of the protonated carboxyl group 

by an unshared electron pair of the amide oxygen. It is thus 

ana logous to the presently acceptable mechanisms for the for­

mation of the azlactone ring from 0(-acylamino acid chlorides 

(39) and from the mixed anhydrides of DC-acylamino acids with 

acetic acid (40), presumably the unstable intermediates in the 

reaction of ~ -acylamino acids with phosphorus pentachloride 

and acetic anhydride , respectively. In none of these reactions 

doe s enolization of the amide funct i on (lactam~lactim), which 

is not possible with benzoylsarcosine, constitute a necessary 

preliminary step to the cyclization. This erroneous concept of 

initial enolization , however, appears to have gained wide 
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acceptance (41, 42). 

The limited cyclization of acetylglycine is in accord 

* with the relative ease of hydrolysis of 2-methyl-5-oxazolones 

(43). Thus, the equilibrium favors the cyclic structure VIII 

less when R is methyl than when R is phenyl. It may be pos­

tula ted that the extent of cyclization will also be related to 

the nature of the groups R1 , R2 and R3 • 

In order to determine the structural features essential 

to the cyclization reaction, we have also investigated the 

cryoscopic behavior of some related compounds. The 1-factor 

of 1.8 obtained for phthalylglycine indica tes that this com-

pound exhibits only normal ionization in sulfuric a cid. It 

appears that the protonation of phthalylglycine is slightly 

incomplete. For benzenesulfonylglycine, however , the observed 

i-factor of 2.2 indicates an ionization practically identical 

to that of the parent glycine . The benzenesulfonyl derivative 

likewise undergoes a small amount of a second ionization in 

sulfuric acid. With both the phthalyl and benzenesulfonyl 

derivatives the failure of cyclization to occur is probably 

due to the inherent instability of the corresponding cyclic 

structures. Thus, the structure IX would possess considerable 

steric strain, while the electronic distribution in X must be 

unstable with respect to that of the acyclic compound. 

* Although the azlactone derived from benzoylglycine 
(hippuric azlactone) has been prepared (44), that from 
a cetylglycine (2-methyl - 5-oxazolone) has never been isolated. 
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IX x _ 

The 1-factor observed for benzoylglycine ethyl ester 

was 2.5 . If certain finer points of the experimental data 

are ignored, this value might suggest a limited amount of 

cyclization for the ester, since acetylglycine had the same 

1 value. Indeed, we cannot exclude the possibility that some 

cyclization of the ester takes place under the conditions of 

the dryoscopic measurements. However, the major part of the 

difference between the i values for benzoylglycine ethyl ester 

(2.5) and glycine itself (2.2) can be attributed to other 

factors. The greater basicity of the ester group (45) may be 

partly responsible, but it seems certain that another factor 

contributes to the difference. Thus, the conjugate acid of 

benzoylg lycine ethyl ester corresponding to tautomer VI of 

equation ( 14) is actually a resonance hybrid of three impor­

tant c ontributing structures, (a) GlQ-H 
C6H5-~-NH-CH2-co2 C 2H5 ; 

(b) (c) c6H5-gH= lbH-CH2-co2c2H5. 

It is seen that in the first two of these structures the 

positive charge is carried by atoms which are further removed 

from the terminal (ester) group than is the nitrogen atom. 

Therefore, it would be expected that in the resonance hybrid 

f (a); (b); (c)1 the charge distribution is such that its 

center is somewhat further removed from the terminal group 
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than is the nitrogen atom, which must bear the total positive 

charge in glycine cation. For this reason, protonation of 

the terminal group of the benzoyl compound should be greatere 

Thus, it is not necessary to assume that cyclization takes 

place in order to explain the 1-factor of 2.5 for benzoyl-

glycine ethyl ester, for we have shown the probable operation 

of two effects working in the same direction. 

The failure of benzoylglycine ethyl ester to undergo 

appreciable cyclization suggests that the protonated ester 

grouping is too weakly electronegative for the nucleophilic 

displacement on carbon to occur. A similar result has been 

obtained with the normal methyl ester of o-benzoylbenzoic 

acid, which, unlike the parent acid, does not give rise to a 

cyclic carbonium ion in sulfuric acid (10). 

It has been found that the azlactonization of ()t. -acyl-

amino acids in acetic anhydride is catalyzed by sulfuric acid. 

This conclusion was drawn from simple qualititative tests with 

p-nitrobenzoylalanine similar to those already described and 

also from isolation experiments with O[ -acetamidocinnamic acid. 

Al though it is possible that some direct acid catalyzed cycli­

zation (cf. equation 14) occurs in the solvent acetic anhydride, 

the important catalytic function of the sulfuric acid in this 

case is probably the promotion of the formation of the mixed 

anhydride. This isshown in the following mechanism for the 

acetic anhydride-sulfuric acid catalyzed cyclization: 

( 16) 



( 17) 

(18) 
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Ionization of acetic anhydride according to equation (16) has 

been proposed by Burton and Praill (46) and experimentally dem­

onstrated by Gillespie (22). 

The results of the cryoscopic measurements are summarized 

in Table V. 

Table v 
T Am 

Acetylglycine 

10.0 0.0318 
0.0386 
0.0444 

Benzoylglycine 

10.1 0.0364 
0.0335 
0.0304 

Benzoylsarcosine 

9.9 0.0340 
0.0299 
0.0373 

l1 T 

0.501 
0.586 
0.653 

0.825 
0.692 
0.675 

0.781 
0.703 
0.878 

i 

2.57 
2.48 
2.41 

3.70 
3.38 
3.65 

3.75 
3.85 
3.87 
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Table v (cont'd.) 

T Am Ar i 

Phthalylglycine 

9.7 0.0364 0.395 1.77 
0.0382 0.404 1.73 
0.0421 o.473 1.84 

Benzenesulfonylglycine 

9.9 0.0276 0.333 1.97 
0.0513 o.648 2 .06 
0.0369 o.492 2.19 
0.0389 0.529 2.23 

Benzoylglycine ethyl ester 

9.5 0.0362 0.504 2.28 
0.0332 0.501 2.47 
0.0315 0.496 2.59 

The factors responsible for the usual increase in the 

value of l with increasing solute concentration have already 

been discussed (Part I, section A). Of the compounds listed 

in Table V, benzenesulfonylglycine and benzoylglycine ethyl 

ester show this effect the most clearly, while benzoylsarcosine 

shows it to a lesser degree. The second value for benzoyl-

glycine appears slightly erratic, otherwise there is very 

little effect of concentration on the i-factor. Phthalyl-

glycine likewise exhibits no definite concentration effect. 

With acetylglyc1ne, however, the reverse relationship is 

clearly indicated. Here there is a decrease in the l values 

with increasing solute concentration. This is in accord with 

the results of Treffers and Hammett (9), who observed similar 

behavior for certain substituted benzoic acids whose complex 

ionization is incomplete. 
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D. Amides 

The van't Hoff ,i-factor of 2.2 found earlier for glycine 

(Part I, section B) indica tes that the protonation of the 

carboxyl group of glycine cation in sulfuric acid is largely 

prevented by the positively charged ammonium group. It seemed 

of interest to determine also the influence of the ammonium 

group of glycinamide cation on the protonation of the car-

boxylic amide group. Here the greater basicity of the amide 

group would be expected to render the second ionization of 

glycinamide more complete than that of glycine. This has 

proved to be the case, for the i-factor of 2.7 observed for 

glycinamide indicates that the equilibrium in the reaction 

lies 70% to the right. In agreement with previous workers 

(1, 47), we have found that benzamide is completely ionized 

as a mono-acid base in sulfuric acid (equation 1). 

This brought up the question as to whether other electro-

negative substituents besides the a mm onium group could render 

incomplete the protona tion of the carboxylic amide group in 

sulfuric a cid. To this end we have investigated the cryoscopic 

behavior of trichloroacetamide. However, the i-factor of 2.0 

observed for this compound indicates that its ionization is 

complete. This result illustra tes even more clearly than with 

the carboxylic a cids the powerful "char ge effect" of the ammo­

nium group (26). Thus, in repressing the protonation of the 

amide group in sulfuric acid, the positively charged ammonium 

g roup has proved more effective than three chlorine atoms. 
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We have also investigated the ionization of benzene­

sulfonamide and phthalimide in sulfuric acid, and find that 

these compounds are practically completely ionized (1~2). 

However, the i-factor of about 1.8 obtained for ortho-benzoic­

sulfimide (saccharin) shows that this compound is not com­

pletely ionized. Its behavior is very similar to that of 

2, 4, 6-trinitroaniline (picramide), for which the data of 

Hammett and Deyrup (8) indicate that the basic ionization is 

incomplete (21). It is seen that derivatives of ammonia which 

contain sufficiently electronegative groups fail to ionize 

completely i n sulfuric acid. 

The cryoscopic behavior of benzoylglycinamide has been 

investigated and it is concluded that this compound undergoes 

only normal ionization in sulfuric acid. The 1-factor of 2.9 

indicates that ionization as a di-acid base is almost complete. 

The fact that the i value is about 0.2 unit greater than that 

of the parent glycinamide offers support to our previous argu­

ment (page 28) that the protonation of the terminal group of 

O'-benzamido acid derivatives should be greater than that 

shown by the parent l)l -amino a cid derivatives. If the data 

were sufficiently ac curate, this result might even be considered 

as experimental proof that in the conjugate acid of a carboxylic 

amide the proton is attached to the oxygen atom. Although this 

is well substantiated on theoretical grounds (page 24), it is 

the first time that definite evidence has been obtained on this 

point. 

The results of the cryoscopic measurements a re summarized 

in Table VI. 
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Table VI 

T Am AT i 

Benz amide 

10.0 0.0469 0.558 1.94 
0.0450 0.552 2.01 
0.0454 0.608 2.20 

Glycinamide 

9.2 0.0358 0.595 2.72 
0.0351 0.573 2.69 
------ 0.581 
0.0375 0.660 2.90 

10.2 0.0313 o.493 2 .56 
0.0362 0.592 2.67 
------ 0.596 
0.0462 0.812 2.88 

Trichloroacetamide 

10.0 0.0298 0.342 1.87 
0.0448 0.535 1.94 
0.0474 0.600 2.07 

Benzene sulfonamide 

9.6 0.0443 0.538 1.98 
0.0459 0.571 2.04 
------ 0.563 
0.0521 0.670 2.11 

Phthalimide 

9.7 0.0426 o.483 1.85 
0.0539 0.624 1.90 
0.0359 0.436 1.99 

o-Benzoic-sulfimide 

9.9 0 . 0533 0.590 1.81 
0.0532 0.596 1.83 
0.0379 0.427 1.85 

Benzoylgly c inamide 

9.9 0.0328 0.556 2 . 77 
0.0329 0.583 2.90 
0.0363 0.695 3.15 
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Benzamide resembles benzophenone with respect to the 

concentration effect (page 9). The i-factors observed for 

these solutes at concentrations greater than 0.1 molal are 

about 0.2 above the theoretical value of 2. This indicates 

that benzamide is probably highly solvated in sulfuric acid 

solution. Glycinamide and benzoylglycinamide show this same 

effect, but trichloroacetami de, benzenesulfonamide and 

phthalimide show it only to a lesser degree. The i-factors 

for o-benzoic-sulfimide do not appear to depend on the con­

centration. 
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E. Benzhydrazide: The Acid Catalyzed Hydrazine Elimination 

Reaction 

Having established the extent of ionization of glycine 

and glycinamide (Part I, sections B and D, respectively) in 

sulfuric acid, we wished to extend our observations to include 

glycylhydrazide (48). However, a search of the literature 

revealed that no simple hydrazide had been investigated in 

this manner. Therefore, we have determined the cryoscopic 

behavior of benzhydrazide in sulfuric acid. .Al though the 

results were such as to dissuade us from the original ob-

jective, they proved to be quite interesting in their own 

right. The cryoscopic measurements are summarized in Table 

VII. 

T 

10.0 

Table VII 

Am 
Benzhydrazide 

0.0252 
0.0283 

0.0387 

AT 

o.439 
0.608 
0.607 
1.038 

i 

2.84 
3.51 

4.40 

The surprisingly high 1 values are not explainable on 

the basis of normal ionization. The average value of the 

i-factor for the three runs is 3.6 , suggesting that benz -

hydrazide undergoes some reaction in sulfuric acid which yields 

products g iving an 1-factor of about 4. The possibility of 

benzoylium ion formation 
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was considered, but this reaction should result in an 1-factor 

of about 5. Furthermore, the observed i values are too erra tic 

for an ionization of this kind. 

It seemed likely tha t some other rea ction was taking 

place. The nature of this reaction was soon established when 

it was found tha t dibenzhydrazide could be isolated from a 

solution of benzhydrazide in 100% sulfuric acid. This indi-

cates that the reaction 
+~ 

(21) 2C5H5CONHNH2 +2H2S04~C6H5CONHNHCOC6H5+H3NNH3 + 2Hso4 

was responsible for the abnormal cryoscopic results. Pre-

viously, dibenzhydrazide had been obtained from benzhydrazide 

by several methods, e .g., by heating the latter to 180° (49), 

by treating with mild oxidizing agents such as mercuric oxide 

or iodine (50), or through a base cata lyzed oxidation (51). 

There appears to be no reference in the literature to the use 

of acidic cat a lysts in this conversion. In our experiments 

there was no evid ence of the evolution of nitrogen or sulfur 

dioxide, indicating tha t the sulfuric acid catalyzed hydrazine 

elimination re action (equation 21 ) is not accompanied by oxi-

dation. The thermal reaction (49) is complicated by decorn-

positions which produce nitrogen and ammonia as well as the 

expected hydrazine. 

It was deci j ed to investigate briefly the effects of 

temperature and acid strength on the hydrazine elimination 

reaction . Our results for a few such experiments are sum-

marized in Table VIII. 
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Table VIII 

The Reactions of Benzhydrazide with Sulfuric Acid 

Exp. Acid Amount Temp. Time Product Yield 

1 96% 3 ml/g . 25° 5 min . Benzoic acid 22% 

2 96% II 100° 90 II ti 91% 

3 100% II 25° 30 II Benzoic acid 25% 
Dibenzhydrazide 19% 

4 100% 3 • 5 II 100° 90 II Benzoic acid 19% 
Diphenylfuro-

59% diazole 

The fact that a considerable amount of benzoic acid is 

produced in all the experiments suggests that hydrolysis of 

unreacted benzhydrazide occurs rather rapidly in the aqueous 

acid during the working up of the reaction mixtures. The 

susceptibility of benzhydrazide to acid catalyzed hydrolysis 

may be seen from Experiment 2, whe re this compound is practi-

cally quantitatively converted to benzoic acid by heating with 

concentrated (96%) sulfuric acid at 100° for l i hours. 'rhe 

same conditions leave benzamide unchanged (52) . It is inter-

esting to note that ordinary concentrated sulfuric acid does 

not cause the hydrazine elimination reaction (equation 21). 

Although the yield of dibenzhydrazide in Experiment 3 is 

small, it is nontheless remar kable in view of the mildness of 

the cond itions . A l onger reaction time might have increased the 

yield considerably . When an attempt was made to increase the 

yield by conducting the reaction at 100° , the substance iso-

lated was not dibenzhydrazide , but rather its cyclic dehydra­

tion product, diphenylfurodiazole ( XI }. This shows that at the 
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higher temperature the hydrazine elimination reaction is 

followed by a dehydration reaction 

(22) 
100% H2S04 N--N 
------=~- II 11 

100° / c,
0
,c'\ + 

C6H5 C6H5 
XI 

Diphenylfurodiazole (XI) had previously been obtained from 

dibenzhydrazide by heating in a vacuum at 240° (53), or by 

warming with phosphorus pentoxide (54). Although it is claimed 

(53) that the compound may be obtained by heating hydrazine 

sulfate with benzoyl chloride, its single-stage preparation 

in good yield from benzhydrazide has not previously been 

reported. 
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F . Other Polyfunctional Compounds 

1. Phenylalanine. The 1 - factor of about 4 shown by 

this amino acid (cf. Table IX) indica tes that sulfonation 

takes place under the conditions of the cryoscopic measure-

ments. This is illustrated by the equation 

! + 
(23) c6H5CH2CHNH3co2+3H2so4__,.(p)H0

3
sc6H4CH2CHNH3co2H + 

+ -H30 + 2HS04 

The preparation of p-sulfo-phenylalanine by warming phenyl-

alanine with a mixture of concentrated and fuming sulfuric 

acid is described by Erlenmeyer and Lipp (55). We have re ­

peated their procedure with 100% sulfuric acid and have isolated 

a product which appears to be p-sulfo-phenylalanine monohy -

drate. The cryoscopic results indic a te tha t sufonation of 

phenylalanine is f a irly rapid even at room te mperature in the 

presence of an excess of t he 100% acid. 

Table IX 

T 

Phenylalanine 

0.0342 

0.0528 

0.806 
0.808 
1.316 

i 

3.84 

4.09 

2. Terephthalic acid. It seemed of interest to deter-

mine the extent of ionization of this compound, since we a l -

ready have informa tion on p-aminobenzoic ~cid ( Part I, section 

B). The i-factor of about 2.2 (cf. Table X) indicates that the 

second ionization proceeds to a limited extent . It is seen 

t h a t a protonated carboxyl group offers a stronger deterrent 

than does the ammonium group to the basic ionization of a 
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carboxyl group in the pa ra- position. 

T 

10.l 

Table X 

/l T 

Terephthalic acid 

0.0221 
0.0357 
0.0405 

0.306 
0.475 
0.528 

i 

2.25 
2.17 
2.13 

The cryoscop ic results are in excellent a g reement with 

those obt a ined for this compound by Oddo a nd Casalino (7). 

The~evers~'concentration effect, also evident in the data 

of the earlier workers (7) , indicates that the extent of the 

second ionization falls off in more concen trat ed solutions . 

3 . Ethylenediamine . It wa s orig inally thought that this 

diam i ne, employed as the crystalline sulfate ( 56), would offer 

g ood materi a l for the de monstra tion of polybasic ionization 

in sulfuric acid (equation 2). The cryoscopic measureme nts 

a re summar i zed in Table XI. 

T 

9 . 9 

10.2 

Table XI 

Ethylenedia.mine 

0.0154 
0.0284 
0.0189 
0.0236 
0.0237 
0.0333 

0.0517 

0 . 254 
0.504 
0.346 
0.406 
0 . 422 
0.624 
0 . 639 
1.016 

2.69 
2 . 90 
3.00 
2.80 
2 . 90 
3.07 

3 . 23 

The observed i-factor of approximately 3 confirms the 

expected ma nner of ionization, i.e. , 

++ 
(24) H2NCH2CH2NH2+2H2So4~ ,. H3NCH2CH2NH3+2Hso; 
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However, there is evidence of a slight drift in the 

freezing point of sulfuric acid solutions of the diamine. 

This point was verified when it was found that a 0.0609 molal 

solution of ethylenediamine sulfate in sulfuric acid giving 

an initial 1-factor of 2.86 drifted 0.067° in the freezing 

point in 24 hours, corresponding to an increase of the 1-factor 

to 3.04. A control run on a sample of solvent sulfuric acid 

showed a drift of only O. 006° in 25 hours. This slight but 

definite drift in the freezing point of sulfuric acid solutions 

of ethylenediamine suggests that there is some additional inter­

action between the two. Sulfamic acid formation ( equation 25) 

is a likely possibility. 

~ + -
( 2 5) H2N CH2 CH2NH2 + 3H2SO 4:;:::~• H3N CH2 CH2NHS03H + H3 0 + 2HSO 4 
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1. Apparatus and Procedure. The cell used for the 

cryoscopic measurements was similar to that described by 

Newman, Kuivila and Garrett (10), except that a Beckmann 

thermometer ( Arthur H. Thomas Company, No. 24820, cali-

brated by the National Bureau of Standards, September 2, 

1948, NBS 93052) was employed. The setting of the . Beckmann 

thermometer was found to be ll.53°C by comparison with a 

75 mm immersion thermometer ( Princo, Philadelphia, , Pa;, 
0 

No. 231413) whose ice point was checked at 0.00 C. When 

50 ml of stock sulfuric acid ( slightly fuming, f . p • . 9.0°, 

prepared by mixing 1 lb of 20- 30% fuming acid, C. P. Baker's, 

with 380 ml of 96% acid, C. P. Baker's) was allowed to drain 

from a standard buret into the cell in 35 minutes, the weight 

delivered was found to be 91 . 7 ~ 0 .1 g. A second batch of 

stock acid was found to contain more sulfur trioxide, . having 
0 

a freezing point of 7.5 • . A comparison of the freezing point 

curves obtained for the two samples showed that the second 

required the addition of 0.0202 more moles of water per 50 ml 

of stock acid to reach the maximum in the curve• This corre-

sponds to the formation of 2.0 g of sulfuric acid. In order 

that cryoscopic measurements made with the two samples might 

be more congruous, the weight of solvent in the second case 

was corrected to 91. 7 + 2. 0 = 93. 7 g. This correction was 

justified by the consistency of the results and also by the 

* Melting points, but not boiling points, are corrected. 
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fact that values very close to the theoretical ( 2. 0) we_re 

observed for the "standard" solutes potassium sulfate in the 

first case and benzoic acid in the second. 

After 50 ml of stock acid had been allowed to drain 

into the cell in 35 minutes, sufficient water was then added 

to make the acid just less than 100% (8); the initial freezing 

points observed for the solvent _ acid usually were within the 
0 0 

range 9.8 to 10.2 • The resulting acid was then allowed to 

stand in _the sealed apparatus for at least twelve hours before 

freezing point determinations were begun. Repeat measurementa, 

after the application of all corrections, usually checked to 
0 

within 0.004 . The drift in freezing point of a sample of 
0 0 

solvent acid, f. p. 9.9 , ,. was found to be only 0.006 in 25 

hours. This assures that the entrance of moisture into the 

cell during the time required for a series of cryoscopic 

measurements (6-8 hours) may be considered negligible. The 

finely powdered solutes were introduced by means of a weight 

buret (10). Other details of technique were similar to those 

described by Newman, Kuivila and Garrett (10). As recommended 

by the previous workers (8), corrections for supercooling and 

disappearance : of the solvent in the ionization reactions, as 

well as for errors in the scale, for exposed stem and setting 

factor of the thermometer, were applied • . 

After crystallization of the sulfuric acid had been 

induced by touching the outside of the cell with a small 

piece of solid carbon dioxide, temperature readings were taken 

at one-minute intervals until a constant value was observed 

for at least five minutes. The temperature just before 
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crystallization (the lowest temperature observed prior to 

the fast rise) was taken as the supercooling temperature; and 

the steady maximum reached after crystallization was taken 

as the freezing point. 

2. Solutes. Most of thesolutes used in our experiments 

were obtained from commercial sources or prepared according 

to published procedures. All were carefully purified through 

crystallization from suitable solvents, or,. as in the case of 

benzoic acid and trichloroacetamide, by sublimation. L-Leucine 

was a highly purified sample (29) kindly furnished by Dr. D. W. 

Thomas •. Melting points compared favorably with literature 

values in all cases. The solutes were dried at 100° when this 

was possible and kept in desiccators over concentrated sulfuric 

acid until used. Potassium and barium sulfates were ignited 

to a dull red heat. 

For the compounds benzoylsarcosine, trichloroacetamide 

and ethylenediamine sulfate improved preparative methods were 

devised. Glycinamide sulfate has not been described previously. 

Benzoylsarcosine. 12.3 g (0.138 mole) of sarcosine, 
0 m. p. 209-210, decomp. (57), was dissolved in 0.3 mole of 

10% sodium hydroxide( 12 g of NaOH in 108 ml of water) and 

the solution cooled in an ice-bath. 17.4 ml (0.15 mole) of 

benzoyl chloride (Merck reagent) was then added over a period 

of twenty minutes. The mixture was then warmed briefly to 

complete the reaction, cooled and filtered. The clear filtrate 

(approximately neutral) was then acidified by the gradual 

addition of concentrated hydrochloric acid. A white oil 

separated. This was extracted in three stages with a total 
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of 150 ml of chloroform, the extract dried with anhydrous 

calcium sulfate (Drierite) and .filtered. When 250 ml of 

petroleum ether (60-70°) was added to the chloroform solution~ 

a colorless oil separated. After cooling the mixture fo~ · 

several hours in an ice~bath with occasional scratching, the 

oil had completely solidified. The mixture was allowed to 

stand in the cold room overnight. 

The white solid was then collected by suction filtration 

and washed with ·two 20 ml portions of petroleum ether. The 

yield of air-dried product was 23.2 g (87%). 0 M. P. 104-105 • 

Found: C, 62.10; H, 5.76; N, 7.20 

The compound may be recrystallized from three volumes 

of ethyl acetate, but the melting point remains unchanged. 

Cocker and Lapworth (57) report a 50% yield of product melting 
0 

at 103.5-104 (decomp.), but their method was found to be 

unsatisfactory. 

Trichloroacetamide. This compound was prepared by the 

ammonolysis of methyl tr1chloroacetate (58) in ether solution, 

the procedure recommended by Gilman and Jones (59) for the 
0 

trifluoro-derivative. 18.5 g of the ester, b • . p. 152.8-153.3 

(752 mm), was mixed with 15 ml of anhydrous ether and the mix~ 

ture cooled in an ice- bath. It was then saturated with dry 

gaseous ammonia. After removal of the solvents by warming on 

a water bath, the product was obtained as colorless needles. 

Wt.: 16. 5 g (98% yield). A quanti ty of the product was sub-

* Analysis by Dr. Adalbert Elek, Elek Micro Analytical 
Labora tories, Los Angeles, California. 
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0 

limed to give thin, glistening plates (60), m. p. 141.5-142.5 • 

Lit . ( 58 ) , m . p • 141 ° . 
Ethylenediamine sulfate. 10 g of a twice-distilled 

0 
sample of ethylenediamine, b. p. 115.5 (747 mm), was dissolved 

in 50 ml of water and the solution cooled in an : ice"-bath. It 

was then added with stirring to a cooled solution of 17, g of 

96% sulfuric acid (C. P. Baker's) in 125 ml of water. 150 ml 

of 95% alcohol was then added, causing the precipitation of 

a white, crystalline solid. The crystals were collected by 

suction filtra tion and washed with 30 ml of alcohol. After 

drying in .air the glistening tablets weighed 24.2 g (90% 

yield). The product was reprecipitated from aqueous solution 

by the addition of an equal volume of alcohol. 
-l!-

Anal. Calcd. for C2H10N204S: c' 15.17; H, 6.37; 

N, 17.71; s, 20.27 

Found: c, 15.52; H, 6. 70; N, 17.44; s, 20 . 38 

This compound has been described by Traube and Wolff (56), 

who obtained it upon hydrolysis of the potassium salt of 

ethylenediamine-N,N'-tetrasulfonate. 
0 

Glycinamide sulfate. 8 g · of glycinamide, m. p. 61-63 

(61), was added slowly to a cooled solution of 5.5 g of 96% 

sulfuric acid (C. P. Baker's) in 20 ml of water. 150 ml of 

absolute alcohol was then added with vigorous stirring, causing 

the precipitation of a colorless solid. The mixture was then 
0 

cooled to 5 and filtered, the crystals being washed with two 

* Analysis for sulfur by Dr. Adalbert Elek, the others;. by 
Mr. G. Swinehart, Microchemical Laboratory, Calif. Inst. of Tech. 
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25 ml portions of cold, absolute alcohol . After drying in 

the oven at 100~ the white crystals wei ghed 12.2 g (90% yield) . 

The product was dissolved in 20 ml of water and reprecipitat-

ed by the addition of 150 ml of absolute alcohol . The yield 

of oven- dried crystals was 11.9 g. 

* Anal . Calcd . for C4H14N406s : C, 19.51; H, 5.73; 

N, 22.76i S , 13.02 

Found: C, 20 . 51; H, 6.00; N, 22 . 86; S , 12.61 

3. Cryosconic Measurements . The results of the freez -

ing point depression measurements are contained in _ the tables 

which follow. The supercooling correction was calculated 

by the equation 

(26) Super. corr .= + el . 014 x S x D 

where S is the supercooling and D is the difference between 

the freezing point of pure sulfuric acid , taken as 10.46° (1), 

and that of the solution in question. 

The emergent stem correction was calculated by the 

equation 

(27) E t - K n ( T 0 
- t

0 
) . merg. s em corr • - x 

where K is the differential expansion coefficient of mercury 

in g lass , taken as 0.00016; n is the number of degrees the 

temperature of the thermometer must be lowered to bring the 

meniscus from its position on the scale to the point of 

immersion in the cell, taken as the sum of the observed read ­

ing and the approximate quantity 71°; T0 is the freezing point 

of the solution in question; and t 0 is the mean temperature 

of the emergent stem , taken as 1/2 ( T0 + room temp . ). 

* Analysis for nitrogen by Mr. G. Swinehart, the others 
by Dr . Adalbert Elek . 
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T able XII 

Effect of Time on the Freezing Point of a Sample of 

Solvent Sulfuric Acid: Evidence for Negligible Drift 

Series No. l; Wt. solvent: 91.7 g; Initial f. p. 9.9° 

Run Number · 0 1 2 

Time, hours 2 25 
0 

24.2 Room Temp. , c 22.0 23.0 

Observed f. p. -1.693 -1.685 -1.687 

Correction 0.014 0.014 0.014 

Corr. reading I -1.679 -1.671 -1.673 

Supercooling temp. -3.13 -3.22 -3.06 

Correction 0.01 0.01 0.01 

Corr. super. temp. -3.12 -3.21 -3.05 

Supercooling 1.44 1.54 1.38 

Super. corr. 0.012 0.013 0.012 

Corr. reading II -1.667 -1.658 -1.661 

Ernerg. stern corr. -0.068 -0.073 -0.080 

Corr. reading III -1.735 -1.731 -1.741 
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Table XIII 

Series No. 2; Solute: Potassium sulfate 

Wt. solvent: 0 91.7 g; Initial f. p. 10.0 

Run Number 0 1 2 3 

Wt. solute, g . 0.1559 0.3729 0.4383 

Room temp. 23.5 23.9 24.0 23.7 

Observed f. p. -1.541 -1.770 -2.329 -3. 027 

Correction 0.014 0.014 0.013 0.011 

Corr. reading I -1.527 -1.756 -2. 316 - - 3. 016 

Supercooling temp. -3.59 -4.23 -4.24 -4.67 

Correction 0.02 o.a3 0.03 0.03 

Corr. super. temp. -3.57 -4.20 -4.21 -4.64 

Supercooling 2.04 2.44 1.89 1.62 

Super. corr. 0.013 0.024 0.033 0.044 

Corr. reading II -1.514 -1.732 -2.283 -2.972 

Emerg. stem corr. -0.074 -0.078 -0.081 -0. 083 

Corr. reading III -1.588 -1.810 -2.364 -3.055 

Difference 0.222 0.554 0.691 

Diff. x setting f. 0.221 0.553 0.689 

4 

0.4480 

25.0 

-3.741 

0.023 

-3.718 

-5.43 

0.03 

-5.40 

1.68 

0.062 

-3.656 

-0. 093 

-3.749 

0.694 

0.692 
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Table XIV 

Series No. 3; Solute: Barium sulfate 

Wt. solvent: 

Run Number 

Wt. solute, g. 

Room temp. 

Observed f. p. 

Correction 

Corr. reading I 

Supercooling temp. 

Correction 

Corr. super. temp. 

Supercooling 

Super. corr. 

Corr . reading II 

Emerg. stem corr. 

Corr. reading III 

Difference 

Diff. x setting f. 

0 
91.7 g; Initial f. p , 9.8 

* 0 1 la 

0.4886 

22 .4 22.0 23.0 

- 1 . 720 -2.120 -2.140 

0.014 0.014 0.014 

- 1.706 -2.106 -2.126 

-3.44 -3.67 -4.15 

0.02 0.02 0. 03 

-3.42 -3.65 -4~.12 

1.71 1.54 1.99 

0.015 0.022 0.030 

-1.691 - 2 .084 -2. 096 

-0.070 -0.070 -0.075 

-1.761 -2.154 -2.171 

0.393 

0.392 

2 

0.3662 

22.4 

-2.460 

0.013 

-2.447 

-4.49 

0.03 

-4.46 

2.01 

0.039 

-2.408 

-0. 074 

-2.482 

0.311 

0.310 

* This repeat measurement was taken about 24 hours after 
the pre ceding one. There is evidence of a slight drift in 
the freezing point over this period. Some mercury was seen 
to have entered the cell from the stirring well; this may 
have been responsible for the freezing point drift. 
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Table XV 

Series No. 4; Solute: Benzoic acid 

Wt. solvent: 93.7 g; Initial f. p. 9.9° 

Run Number 0 1 2 3 

Wt. solute, g. 0.3000 0.3940 o.4933 

Room temp. 21.7 22.1 23.4 24.2 

Observed f. p. -1.602 -1.906 -2.324 -2.864 

Correction 0.014 0.014 0.013 0.012 

Corr. reading I -1.588 -1.892 -2.311 -2.852 

Supercooling temp. -3.96 -3.92 -4.53 -5.02 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp. -3.93 -3.89 -4.50 -4.99 

Supercooling 2.34 2.00 2.19 2.14 

Super. corr. 0.017 0.023 0.038 0.053 

Corr. reading II -1.571 -1.869 -2.273 -2.799 

Ernerg ·• stem corr. -0.065 -0.070 -0.078 -0.084 

Corr. reading III -1.636 -1.939 -2.351 - 2 .883 

Difference 0.303 0.412 0.532 

Diff. x setting f. 0.302 o.411 0.531 
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Table XVI 

Series No. SA; Solute: Glycine 

Wt. solvent: 91.7 g; Initial f. p. 9.6° 

Run Number 0 1 2 3 

Wt. solute, g. 0.3267 0 . 3732 0.3132 

Room temp. 20.3 20.6 . 20.6 20 . 9 

Observed f. p. -1.963 -2.532 - 3 . 262 - 3 . 869 

Correction 0.014 0.013 0 . 015 0.025 

Corr. reading I -1.949 - 2.519 -3.247 -3.844 

Supercooling temp. - 4.29 -4.39 -5.13 - 5 .50 

Correction 0.03 0.03 0.03 0.03 

Corr . super. temp. -4.26 -4.36 - 5.10 - 5.47 

Supercooling 2 .31 1.84 1.85 1.63 

Super. corr. 0.028 0 . 037 0.056 0.063 

Corr. reading II -1.921 -2.482 - 3 . 191 - 3.781 

Emerg. stem corr . -0. 059 - 0. 064 -0.066 - 0 . 071 

Corr. reading III -1.980 -2.546 - 3.257 -3.852 

Difference 0.566 0.711 0 . 595 

Diff. x setting f. 0 . 565 o. 709 0 . 593 
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Table XVII 

Series No. SB; Solute: Glycine 

Wt. solvent: 91.7 g; Initial f. p. 9.8° 

Run Number 0 1 2 3 

Wt. solute, g. 0.3991 0 .4821 0.3166 

Room temp. 19.5 21.1 20.4 21.4 

Observed f. p. -1.755 -2.461 -3.415 - 4.048 

Correction 0.014 0.013 0 . 018 0.027 

Corr. reading I -1.741 - 2.448 -3.397 -4.021 

Supercooling temp. -3.76 -4.26 -5.35 -5.68 

Correction 0.02 0.03 0.03 0.03 

Corr. super. temp. -3.74 -4.23 - 5.32 - 5.65 

Supercooling 2.00 1.78 1.92 1.63 

Super. corr. 0.019 0.034 0.062 0.067 

Corr . reading II - 1.722 -2.414 -3.335 -3.954 

Emerg. stem corr. -o . 053 -o . 066 -0 .067 -o . 075 

Corr. reading III -1.775 -2.480 - 3.402 -4.029 

Difference 0.705 0.922 0.627 

Diff. x setting f. 0.703 0.920 0.625 
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Table XVIII 

Series No. SC; Solute: Glycine 

Wt. solvent: 
0 

91 . 7 g; Initial f. p . 10 . 4 

Depressed to f. p. 9.2° by potassium sulfate. 

Run _Number 0 1 2 2a 3 

Wt. solute, g. o . 4291 0 . 3576 o. 2564 

Room temp. 23.9 24.5 25.3 26 .2 23.9 

Observed f . p. -2.363 -3.174 - 3 . 907 -3 .902 -4.428 

Correction 0.013 0 . 014 0 .026 0.026 0.029 

Corr. reading I -2.350 -3.160 -3.881 -3.876 - 4.399 

Supercooling temp. - 3 .85 -4. 82 -5.44 -5.33 -5.67 

Correction 0.02 0.03 0.03 0.03 0 . 03 

Corr. super. temp. -3.83 -4.79 -5.41 - 5.30 -5.64 

Supercooling 1.48 1.63 1.53 1.42 1 . 24 

Super. corr . 0.027 0.048 0.060 0.056 0.058 

Corr. reading II - 2.323 -3.112 -3.821 - 3.820 - 4.341 

Emerg. stem corr. -0 .080 -0 .087 -0. 095 -0 .099 -0. 090 

Corr. reading III - 2 . 403 -3.199 -3.916 - 3.919 - 4 .A 31 

Difference 0.796 0 . 717 0.720 0.512 

Diff. x setting f. 0.794 0.715 0.718 0.511 
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Table XIX 

Series No. 6~ Solute: L-Leucine 

Wt. Solvent: 0 91.7 g; Initial f.p. 9.9 

Run Number 0 1 la 2 

Wt. solute, g. o.4916 0.5728 

Room temp. 23.9 24.9 25.9 24.8 

Observed f. p. -1.600 -2.093 -2.084 -2.774 

Correction 0.014 0.014 0.014 0.012 

Corr. reading I -1.586 -2.079 -2.070 -2.762 

Supercooling temp. -3.54 -3.77 -3.78 -4.50 

Correction 0.02 0.02 0. 02 0.03 

Corr:• super. temp. -3.52 -3.75 - 3.76 -4.47 

Supercooling 1.93 1.67 1.69 1.71 

Super. corr. 0.014 0.024 0.024 o.04o 

Corr. reading II -1.572 -2.055 -2.046 - 2.722 

Emerg. stem corr. -o . 078 -0 .085 -0 .090 -o . 087 

Corr. reading III - 1 .650 -2.140 -2.136 -2 .809 

Difference 0.490 o.486 o.673 

Diff. x setting f. 0.489 o.485 0.671 

3 

0.5189 

24.2 

-3.413 

0.018 

- 3.395 

-5.29 

0.03 

-5.26 

1.86 

0.061 

-3.334 

-0 .087 

-3.421 

0.612 

0.610 
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Table XX 

Series No. 7; Solute: ~ -Alanine 
0 

Wt. solvent : 93.7 g; Initial f . p. 10.2 

Run Number 0 1 2 2a 

Wt. solute , g. o.4456 o.4426 

Room temp. 23.2 23.5 24.1 24.1 

Observed f. p. -1.331 -2.195 -3.087 - 3. 078 

Correction 0.013 0.013 0.012 0 . 012 

Corr. reading I -1.318 - 2.182 -3.075 -3. 066 

Supercooling temp. -3.56 -4.58 -5.53 -5.17 

Correction 0.02 0.03 0.03 0 . 03 

Corr. super. temp. -3.54 -4.55 -5.50 -5.14 

Supercooling 2.22 2.37 2.42 2.07 

Super. corr. 0.008 0.037 0.068 0.058 

Corr. reading II -1.310 -2.145 -3. 007 - 3 . 008 

Emerg. stem corr. -0.073 -0.078 - 0. 085 -0. 085 

Corr. reading III -1.383 - 2.223 -3.092 - 3. 093 

Difference 0.840 0.869 0.870 

Diff. x setting f. 0.838 0.867 0.868 

3 

0.3030 

24.0 

-3.707 

0.022 

-3.685 

- 5.77 

0.03 

- 5.74 

2 . 05 

0.075 

- 3. 610 

-0 .087 

-3.697 

0.604 

0.602 
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Table XXI 

Series No. 8; Solute: '}' -Amino-n-butyric acid 
0 

Wt. solvent: 93.7 g; Initial f. p. 9.9 

Run Number 0 1 2 2a 3 

Wt. solute, g. 0.3234 0.4365 0.5129 

Room temp. 23.8 24.2 25.0 25.0 23.8 

Observed f. p. -1.615 -2.192 -2.987 -2.994 -3.993 

Correction 0.014 0.013 0.011 0.011 0.027 

Corr. reading I -1.601 -2.179 -2.976 -2.983 -3.966 

Supercooling temp. -3.90 -4.80 -5.05 -5.17 -5.70 

Correction 0.02 0.03 0.03 0.03 0.03 

Corr. super. temp. -3.88 -4.77 -5.02 -5.14 -5.67 

Supercooling 2.28 2.59 2.04 2.16 1.70 

Super. corr. 0.017 0.040 0.055 0.058 0.069 

Corr. reading II -1.584 -2.139 -2.921 -2.925 -3.897 

Emerg. stem corr. -0.077 -0.082 -0.090 -0. 090 -0.087 

Corr. reading III -1.661 -2.221 -3.011 -3.015 -3.984 

Difference 0.560 0.790 0.794 0.969 

Diff. x setting f. 0.559 0.788 0.792 0.966 
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Table X.XII 

Series No . 9; Solute: € -Amino- n - caproic acid 

Wt. solvent: 
0 

93.7 g; Initial f. p. 9.9 

Run .Number 0 1 2 2a 

Wt. solute 'j' g. 0.4220 0.4268 

Room temp. 25.3 25.8 26.9 27.2 

Observed f. p. -1.609 -2.215 -2.844 -2.839 

Correction 0.014 0.013 0.011 0.011 

Corr. reading I -1.595 -2.202 -2.833 - 2.828 

Supercooling temp. -3.94 -5.04 - 5.26 -5~47 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp. -3.91 -5.01 -5.23 -5.44 

Supercooling 2.31 2.81 2.40 2.61 

Super. corr. 0.017 0.045 0.059 0.064 

Corr. reading II -1.578 -2.157 -2.774 -2.764 

Emerg. stem corr . -0.085 -0. 090 -0. 099 -0.102 

Corr. reading III -l.663 -2.247 -2.873 -2.866 

Difference 0.584 0.626 0.619 

Diff. x setting f. 0.582 0.624 0.617 

3 

0.4225 

27.0 

-3. 500 

0.019 

-3.481 

-5.76 

0.03 

-5.73 

2.25 

0.075 

- 3 .406 

- 0.103 

-3.509 

o.643 

o.641 
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Table XX.III 

Series No. 10; Solute: Anthranilic acid 
0 

Wt. solvent: 93.7 g; Initial f. p. 10.0 

Run Number 0 1 2 

Wt. solute, g. 0.5567 0.6262 

Room temp. 23.2 24.0 25.4 

Observed f. p. -1.543 - 2.095 -2.722 

Correction 0.014 0.014 0.012 

Corr. reading I -1.529 -2.081 -2.710 

Supercooling temp. -4.0l -4.80 -5.01 

Correction 0.03 0.03 0.03 

Corr. super. temp. - 3.98 - 4.77 -4.98 

Supercooling 2.45 2.69 2.27 

Super. corr. 0.016 0.038 0.052 

Corr. reading II - 1.513 -2.043 -2.658 

Ernerg. stern corr. -0.073 - 0.080 - 0. 091 

Corr. reading III -1.586 -2.123 -2.749 

Difference 0.537 0.626 

Diff. x setting f. 0.536 0.624 
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Table XXIII (cont'd.) 

Run Number 3 3a 4 

Wt. solute, g. 0.4922 o.4668 

Room temp. 25.9 26.7 26.8 

Observed f. p. -3.277 -3.281 -3.805 

Correction 0.015 0.015 0.024 

Corr. reading I -3.262 -3.266 -3.781 

Supercooling temp. -5.52 -5.68 - 5.77 

Correction 0.03 0.03 0.03 

Corr. super. temp. - 5.49 -5.65 -5.74 

Supercooling 2.23 2.38 1.96 

Super. corr. 0.068 0.073 0.074 

Corr. reading II -3.194 - 3.193 -3.707 

Emerg. stem corr. -0. 095 -0.100 -0.102 

Corr. reading III -3.289 -3.293 -3.809 

Difference 0.540 0.544 0.516 

Diff. x setting f. 0.539 0.543 0.515 
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Table XXIV 

Series No. 11; Solute: m-Aminobenzoic acid 

Wt. solvent: 
0 

93.7 g; Initial f. p. 10.1 

Run Number 0 1 2 2a 

Wt. solute, g. 0.2813 0.4314 

Room temp. 22.l 22.5 23.2 23.2 

Observed f. p. -1.443 -1.782 -2.340 -2.339 

Correction 0.013 0.014 . 0.013 0.013 

Corr. reading I -1.430 -1.768 -2.327 -2.326 

Supercooling temp. -3.97 -3.72 -4.46 -4.61 

Correction 0.03 0.02 0.03 0.03 

Corr. super. temp. -3.94 -3.70 -4.43 -4.58 

Supercooling 2.51 1.93 2.10 2.25 

Super. corr. 0 •. 013 0.019 0.037 0.040 

Corr. reading II -1.417 -1.749 -2.290 -2.286 

Emerg. stem corr. -0.067 -0.070 -0.077 -0. 077 

Corr. reading III -1.484 -1.819 -2.367 -2.363 

Difference 0.335 0.548 0.544 

Diff. x setting f. 0.334 0.547 0.543 

3 

0.7427 

23.8 

-3.324 

0.016 

-3.308 

-5.43 

0.03 

-5.40 

2 .09 

0.066 

-3.242 

-0.085 

-3.327 

0.964 

0.962 
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Table XXV 

Series No. 12; Solute: p-Aminobenzoic acid 
0 

Wt. solvent: 93.7 g; Initial f. p. 10.1 

Run Number Q _ 1 2 2a 3 

Wt. solute, g. 0.3659 0.5219 0.6369 

Room temp. 22.9 23.2 24.0 24.3 24.o 

Observed f. p. -1.450 -1.910 -2.573 -2.582 -3.449 

Correction 0.013 0.014 0.012 0.012 0.018 

Corr. reading I -1.437 -1.896 - 2.561 -2.570 -3.431 

Supercooling temp. -3.68 -4. 26 -4.59 -4.96 -5.25 

Correction 0.02 0.03 0.03 0.03 0.03 

Corr. super. temp. -3.66 -4.23 -4.56 -4.93 -5.22 

Supercooling 2.22 2.33 2.00 2.36 1.79 

Supercooling corr. 0.012 0.027 0.042 0.050 0.059 

Corr. reading II -1.425 -1.869 -2.519 -2.520 -3.372 

Emerg. stem corr~ -0.071 -0.075 - 0.082 -0.083 -0.086 

Corr. reading III -1.496 . -1.944 -2.601 -2.603 -3.458 

Difference o.448 o.657 0.659 0.855 

Diff. x setting f. o.447 o.655 o.657 0.853 
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Table XXVI 

Series No. 13; Solute: Acetylglycine 

Wt. solvent: 

Run Number 

Wt. solute, g. 

Room temp. 

Observed f. p. 

Correction . 

Corr. reading I 

Supercooling temp. 

Correction 

Corr. super. temp. 

Supercooling 

Super. corr. 

Corr. reading II 

Emerg. stem corr. 

Corr. reading III 

Difference 

Diff. x setting f. 

0 
91.7 g; Initial f. p. 10.0 

0 1 2 

0.3392 0.4106 

21.0 20.9 21.3 

-1.511 -2.021 -2.618 

0.014 0.014 0.012 

-1.497 -2.007 -2.606 

-3.82 -3.88 -4.50 

0.02 0.02 0.03 

-3.80 -3.86 -4.47 

2.30 1.85 1.86 

0.014 0.024 0.040 

-1.483 -1.983 -2.566 

-0.061 -0.063 -0.068 

-1.544 -2.046 -2.634 

0.502 0.588 

0.501 0.586 

3 

0.4690 

21.5 . 

-3.302 

0.016 

-3.286 

-5.57 

0.03 

-5.54 

2.25 

0.070 

-3.216 

-0.073 

-3.289 

o.655 

0.653 
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Table XXVII 

Series No. 14; Solute: Benzoylglycine 
. 0 Wt. solvent: 93.7 g; Initial f. p. 10.1 

Run Number 0 1 2 3 

Wt. solute, g. 0.6075 0.5570 0.5025 

Room temp. 22.3 22.5 23.0 23.2 

Observed f. p. -1.428 -2.273 -2.990 -3.685 

Correction 0.013 0.013 0.011 0.022 

Corr. reading I -1.415 -2.260 -2.979 -3.663 

Supercooling temp. -3.92 -4.37 -5.46 -5.82 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp. -3.89 -4.34 -5.43 -5.79 

Supercooling 2.48 2.08 2.45 2.13 

Super. corr. 0.012 0.035 0.065 0.077 

Corr. reading II -1.403 -2.225 -2.914 -3.586 

Emerg. stem corr. -0.068 -0.073 -0.078 -0.083 

Corr. reading III -1.471 -2.298 -2.992 - 3.669 

Difference 0.827 0.694 0.677 

Diff. x setting f . 0.825 0.692 o.675 
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Table XXVIII 

Series No. 15; Solute: Benzoylsarcosine 
0 

Wt. solvent: 93.7 g; Initial f. p. 9.9 

Run Number 0 1 2 

Wt. solute, g. 0.6117 0.5350 

Room temp. 26.5 27.2 28.0 

Observed f. p. -1.695 -2.490 -3.213 

Correction 0.014 0.013 0.014 

Corr. reading I -1.681 -2.477 -3.199 

Supercooling temp. -3.80 -4.48 -5.49 

Correction o. 02 0.03 0.03 

Corr. super. temp. -3.78 -4.45 -5.46 

Supercooling 2.10 1.97 2.26 

Super. corr . 0.018 0.039 0.062 

Corr. reading II -1.663 - 2 .438 -3.137 

Emerg. stem corr. -0. 092 -0.100 -0.106 

Corr. reading III -1.755 -2.538 - 3.243 

Difference 0.783 o. 705 

Diff. x setting f. 0 .781 o. 703 

3 

0.6621 

28.3 

-4.104 

0.028 

-4.076 

-5.64 

0.03 

- 5 .61 

1.53 

0.064 

-4.012 

-0.111 

-4.123 

0.880 

0.878 
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Table x.xrx 

Series No. 16; Solute: Phthalylglycine 

Wt. solvent: 93.7 g; Initial f . p. 9.7° 

Run Number 0 1 2 

Wt. solute, g. o.6980 0.7300 

Room temp. 26.4 27.5 28.0 

Observed f. p. -1.884 -2.288 -2.698 

Correction 0.014 0.013 0.012 

Corr. reading I -1.870 -2.275 -2.686 

Supercooling temp. -4.04 -4.69 - 4.95 

Correction 0.03 0.03 0.03 

Corr . super. temp. -4.0l - 4.66 - 4.92 

Supercooling 2.14 2 .38 2.23 

Super. corr . 0.024 0 . 040 0.051 

Corr. reading II -1.846 -2.235 - 2.635 

Emerg. stem corr . -0.093 -0.100 -0.105 

Corr. reading III -1.939 -2.335 -2.740 

Difference 0.396 o.405 

Diff. x setting f. 0.395 0.404 

3 

0.8005 

28.4 

-3.180 

0.014 

-3.166 

- 5.27 

0.03 

- 5.24 

2.07 

0 . 061 

- 3.105 

- 0.109 

-3.214 

o.474 

0.473 
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Ta.ble XXX 

Series No. 17; Solute: Benzenesulfonylglycine 

Wt. solvent: 93.7 g; Initial f. p. 9.9° 

Run Number 0 1 2 3 4 

Wt. solute, g. o. 591-5 1.0267 0.7352 0.7726 

Room temp. 23.5 23.0 22.8 22.8 22.7 

Observed f. p. -1.617 -1.967 -2.637 -3.142 -3.686 

Correction 0.014 0.014 0.012 0.013 0.022 

Corr. reading I -1.603 -1.953 -2.625 -3.129 -3.664 

Supercooling temp. - 3.77 -4.48 -5.16 -5.51 -5.75 

Correction 0.02 0.03 0.03 0.03 o. 03 

Corr. super. temp. -3.75 -4.45 -5.13 -5.48 - 5.72 

Supercooling 2.15 2.50 2.51 2.35 2. 06 

Super. corr. 0.016 0.031 0.054 0 . 068 0.075 

Corr. reading II - 1.587 - 1.922 -2.571 -3.061 -3.589 

Emerg. stem corr. -0. 075 -0.074 -0. 075 - 0.078 -0.080 

Corr. reading III -1.662 -1.996 -2.646 -3.139 -3.669 

Difference 0.334 0.650 0.493 0.530 

Diff. x setting f. 0.333 0.648 o.492 0.529 
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Table XXXI 

Series No. 18; Solute: Benzoylglycine ethyl ester 
0 

Wt. solvent: 93.7 g; Initial f. p. 9.5 

Run Number 0 1 2 3 

Wt. solute, g. 0 .6995 0.6396 0.6030 

Room temp. 26.8 27.6 27.7 27.7 

Observed f. p. -2.007 -2.526 -3.035 -3.548 

Correction 0.014 0.012 0.011 0.020 

Corr. reading I -1.993 -2.514 . -3.024 -3.528 

Supercooling temp. -4.22 -5.05 -5.30 -5.58 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp. -4.19 -5.02 -5.27 -5.55 

Supercooling 2.20 2.51 2.25 2.02 

Super. corr. 0.028 0.051 0.061 0.070 

Corr. reading II -1.965 -2.463 -2.963 -3.458 

Ernerg. stern corr. -0. 095 -0.102 -0.104 - 0.106 

Corr. reading III -2. 060 -2.565 -3.067 -3.564 

Difference 0.505 0.502 0.497 

Diff. x setting f. 0.504 0.501 0.496 
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Table XXXII 

Series No. 19; Solute: Benzamide 
0 

Wt. solvent: 93.7 g; Initial f. p. 10.0 

Run Number 0 1 2 3 

Wt. solute, g. 0.5298 0.5060 0.5088 

Room temp. 24.9 25.6 26.2 26.4 

Observed f. p. -1.555 -2.125 -2.685 -3.323 

Correction 0.014 0.014 0.012 0.016 

Corr. reading I -1.541 -2.111 -2.673 -3.307 

Supercooling temp. -4.12 -4.53 -5.01 -5.82 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp. -4.09 -4.50 -4.98 -5.79 

Supercooling 2.55 2.39 2.21 2.48 

Super. corr. 0.017 0.035 0.050 0.078 

Corr. reading II -1.524 -2.076 -2.623 -3.229 

Emerg• stem corr. -0.082 -0.089 -0. 095 -0.099 

Corr. reading III -1.606 -2.165 -2.718 -3.328 

Difference 0.559 0.553 0.610 

Diff. x setting f. 0.558 0.552 0.608 
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Table XXXIII 

Series No. 20A; Solute: Glycinamide sulfate 

Wt. solvent: 
0 

91.7 g; Initial f. p. 9.2 

Run Number 0 1 2 2a 

Wt. solute, g. 0.4024 0.3920 

Room temp. 21.4 21.9 23.5 24.0 

Observed f. p. - 2.352 -2.965 -3.550 - 3. 562 

Correction 0.013 0.011 0.020 0.020 

Corr. reading I -2.339 -2.954 -3.530 -3.542 

.Supercooling temp. -3.61 -4.69 - 5.25 -5.43 

Correction 0.02 0.03 0.03 0.03 

Corr. super. temp. -3. 59 - 4.66 -5.22 -5.40 

Supercooling 1.25 1. 71 1.69 1 .86 

Super. corr. 0.022 0.045 0.058 0.064 

Corr. read ing II -2.317 -2 .909 -3.472 - 3.478 

Emerg. stem corr. -0.067 -0.072 -0.083 -0. 086 

Corr. reading III - 2.384 -2.981 -3.555 -3. 564 

Difference 0.597 0.574 0.583 

Diff. x setting f. 0.595 0.573 0.581 

3 

0.4165 

23.6 

-4.236 

0.028 

- 4. 208 

-5.81 

0.03 

-5.78 

1.57 

0.069 

-4.139 

-0.087 

-4.226 

0.662 

0.660 
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Table XXXIV 

Series No. 20B; Solute: Glycinamide sulfate 

Wt. solvent: 
0 

93.7 g; Initial f. p. 10.2 

Run Number 0 1 2 2a 

Wt. solute, g . 0.3600 0.4132 

Room temp. 24.8 24.6 23.8 23.2 

Observed f. p. -1.331 -1.843 -2.457 -2.459 

Correction 0.013 0.014 0.013 0.013 

Corr. reading I -1.318 -1.829 -2.444 -2.446 

Supercooling temp. -3.79 -4.16 -4.77 -4.48 

Correction 0.02 0.03 0.03 0.03 

Corr. super. temp. -3.77 - 4.13 -4.74 -4.45 

Supercooling 2.45 2.30 2.30 2.01 

Super. corr. 0.009 0.025 0.044 0.039 

Corr. reading II -1.309 -1.804 -2.400 -2.407 

Emerg. stem corr. -0.083 -0.082 -0. 080 -0.077 

Corr. reading III -1.392 -1.886 -2.480 -2.484 

Difference 0.494 0.594 0.598 

Diff. x setting f. o.493 0.592 0.596 

3 

0.5367 

24.9 

-3.275 

0.015 

-3.260 

-4.99 

0.03 

-4.96 

1.70 

0.052 

- 3. 208 

-0. 090 

-3.298 

0.814 

0.812 
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Table XX:X:V 

Series No. 21; Solute: Trichloroacetamide 
0 

Wt. solvent: 91.7 g; Initial f. p. 10.0 

Run Number 0 1 2 

Wt. solute, g. 0.4423 0.6625 

Room temp. 20.8 21.2 21.0 

Observed f. p. -1.583 -1.929 - 2.477 

Correction 0.014 0.014 0.013 

Corr. reading I -1.569 - 1.915 - 2.464 

Supercooling temp. -3.93 -3.91 - 4.45 

Correction 0.02 0.02 0.03 

Corr . super. temp . -3.91 -3.89 -4.42 

Supercooling 2.34 1.97 1 . 96 

Super. corr. 0 . 016 0.023 0.038 

Corr. reading II - 1.553 - 1 .89 2 -2 .426 

Emerg. stem corr. -0. 060 - 0.064 -0.066 

Corr. reading III - 1 .613 - 1.956 - 2.492 

Differen ce 0.343 0.536 

Diff. x setting f. 0.342 0.535 

3 

0 . 6975 

21.7 

- 3.081 

0 . 012 

-3 .069 

- 4.79 

0.03 

-4.76 

1.69 

0.047 

-3.022 

-0. 072 

-3.094 

0 .6 02 

0.600 
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Table XXXVI 

Series No. 22; Solute: Benzenesulfonamide 
0 

Wt. solvent: 93.7 g; Initial f. p. 9.6 

Run Number 0 1 2 2a 

Wt. solute, g. o.6499 0.6698 

Room temp. 24.7 25.4 26.5 26.7 

Observed f. p. -1.923 -2.480 -3.053 -3.043 

Correction 0.014 0.013 0.012 0.012 

Corr. reading I -1. 909 -2.467 -3.041 -3.031 

Supercooling temp. - 3.86 -4.99 -5.18 -5.16 

Correction 0.02 0.03 0.03 0.03 

Corr. super. temp. -3.84 -4.96 -5.15 -5.13 

Supercooling 1.93 2.49 2.11 2.10 

Super. corr. 0.023 0.049 0.058 0.058 

Corr. reading II -1.886 -2.418 -2.983 -2.973 

Emerg. stem corr. - 0.083 -0. 090 -0. 098 -0. 099 

Corr. reading III -1.969 -2.508 -3.081 -3. 072 

Difference 0.539 0.573 0.564 

Diff. x setting f. 0.538 0.571 0.563 

3 

o. 7564 

26.8 

-3.737 

0.023 

-3.714 

-5.70 

0.03 

-5.67 

1.96 

0.072 

-3.642 

-0.102 

-3.744 

0.672 

0.670 
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Table, XX.XVII 

Series No. 23; Solute: Phthalimide 

Wt. solvent: 93.7 g; Initial f. p. 9.7° 

Run Number 0 1 2 3 

Wt. solute, g. 0.5842 o. 7360 o.4883 

Room temp. 27.6 28.4 28.9 29.2 

Observed f. p. - -1.814 -2.311 -2.943 -3.392 

Correction 0.014 0.013 0.011 0.017 

Corr. reading I -1.800 -2.298 - 2.932 - 3.375 

Supercooling temp. -4.05 -4.89 -5.16 - 5.49 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp . -4.02 -4.86 -5.13 - 5.46 

Supercooling 2.22 2.56 2.20 2.08 

Super. corr. 0.023 0.044 0.057 0.067 

Corr, reading II - 1.777 -2.254 - 2.875 -3. 308 

Emerg. stem corr. -0.098 - 0.105 -0.110 -0.114 

Corr. reading III - 1.875 - 2.359 -2.985 -3.422 

Difference 0.484 0 . 626 0. 437 

Diff. x setting f. o.483 0.624 0.436 
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Table XX.XVIII 

Series No. 24; Solute: o-Benzoic - sulfimide 

Wt. solvent: 93.7 g; Initial f. p. 9.9° 

Run Number 0 1 2 3 

Wt. solute, g. 0.9096 0.9030 0.6414 

Room temp. 26.3 26.7 27.4 28.0 

Observed f. p. -1.685 -2.287 -2.900 -3.346 

Correction 0.014 0.013 0.011 0.017 

Corr. reading I -1.671 -2.274 -2.889 -3.329 

Supercooling temp. -4.15 -4.53 -5.26 -5.80 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp. -4.12 -4.50 -5 .23 -5.77 

Supercooling 2.45 2.23 2.34 2.44 

Super. corr. 0.021 0.037 0.060 0.077 

Corr. reading II -1.650 -2.237 -2.829 -3.252 

Ernerg. stem corr. -0.091 -0. 096 - 0.102 -0.107 

Corr. reading III -1.741 -2.333 -2.931 - 3.359 

Difference 0.592 0.598 o.428 

Diff. x setting f. 0.590 0.596 0.427 
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Table XXX:IX 

Series No. 25; Solute: Benzoylglycinarnide 

Wt. solvent: 93.7 g; Initial f. p • . 9.9° 

Run Number 0 1 2 

Wt. solute, g . 0.5438 0.5427 

Room temp. 24.3 24.9 25.6 

Observed f. p . -1.685 -2.251 -2.847 

Correction 0.014 0.013 0.011 

Corr. reading I -1.671 -2.238 -2.836 

Supercooling temp . -3.80 -4.35 - 5.00 

Correction 0.02 O.G3 0.03 

Corr. super. temp. -3.78 - 4.32 -4 -97 . 

Supercooling 2.11 2.08 2.13 

Super. corr. 0.018 0.034 0 . 053 

Corr. reading II -1.653 -2.204 -2.783 

Emerg. stem corr . -0.080 -0.086 - 0 . 092 

Corr. reading III -1.733 -2.290 - 2.875 

Difference 0.557 0 ~ 585 

Diff. x setting f . 0.556 0.583 

3 

0.5969 

26.3 

-3.574 

0.020 

-3.554 

-5.88 

0.03 

- 5.85 

2.30 

0.080 

-3.474 

- 0. 098 

- 3.572 

0.697 

0.695 
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Table XL 

Series No. 26; Solute: Benzhydrazide 
0 

Wt. solvent: 93.7 g; Initial f. p. 10.0 

Run Number 0 1 2 2a 

Wt. solute, g. 0.3213 0.3587 

Room temp. 25.5 26.7 27.7 28.1 

Observed f. p. -1.507 -1.955 -2.574 -2.574 

Correction 0.014 0.014 0.012 0.012 

Corr. reading I -1.493 -1.941 -2.562 - 2.562 

Supercooling temp. -4.57 -4.75 -5.13 -5.29 

Correction 0.03 0.03 0.03 0.03 

Corr. super. temp. - 4.54 -4.72 - 5.10 -5.26 

Supercooling 3.05 2.78 2.54 2.70 

Super. corr. 0.018 0.034 0.053 0.056 

Corr. reading II -1.475 - 1.907 -2.509 -2.506 

Emerg. stem corr. -0.086 -0. 094 -0.102 -0.104 

Corr. reading III -1.561 -2.001 -2.611 - 2.610 

Difference 0.440 0.610 0.609 

Diff. x setting f. o.439 0.608 0.607 

3 

0.4870 

28.5 

-3.637 

0.021 

-3.616 

- 5.79 

0.03 

-5.76 

2.14 

0.076 

- 3.540 

-0.111 

-3.651 

1.041 

1.038 
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Table XLI 

Series No. 27; Solute: Phenylalanine 

Wt. solvent: 91.7 g ; Initial f. p. 9.9° 

Run Number 0 1 la 

Wt. solute, g. 0.5171 

Room temp. 25.7 26.1 26.6 

Observed f. p. -1.633 -2. L~49 -2.453 

Correction 0.014 0.013 0.013 

Corr. reading I -1.619 -2.436 -2.440 

Supercooling · temp. -3.59 -3.99 -4.29 

Correction 0.02 0.03 0.03 

Corr. super. temp. -3.57 -3.96 -4.26 

Supercooling 1.95 1.52 1.82 

Super. corr. 0.015 0.029 0.035 

Corr. reading II - 1.604 -2.407 -2 .405 

Emerg. stem corr. -0.088 -0. 093 -0.097 

Corr. reading III -1.692 -2.500 -2.502 

Difference 0.808 0.810 

Diff. x setting f. 0.806 0.808 

2 

0.7868 

26.4 

-3.810 

0.025 

-3.785 

-5.51 

0.03 

-5.48 

1.69 

0.064 

-3.721 

-0.100 

-3.821 

1.319 

1.316 
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Table XLII 

Series No . 28 ; Solute : Terephthalic acid 

Wt . solvent: 93 . 7 g ; Initial f. p . 10.1° 

Run Number 0 1 2 

Wt. solute, g. 0 . 3440 0 . 5530 

Room temp . 21 . 5 22 . 2 23.8 

Observed f . p . - 1 .445 - 1.753 - 2 . 240 

Correction 0 . 013 0.014 0 . 013 

Corr . reading I - 1.432 - 1 . 739 - 2.227 

Supercooling temp. - 3.77 - 3.62 - 4 . 74 

Correction 0.02 0 . 02 0 . 03 

Corr. super . temp. - 3 . 75 - 3 . 60 - 4.71 

Supercooling 2 . 32 1. 86 2 . 48 

Super . corr. 0.012 0 . 017 0.040 

Corr . r ead i ng II - 1.420 - 1 . 722 - 2 . 187 

Emerg. stem corr . - 0 . 064 - 0 . 069 - 0 . 080 

Corr . reading III - 1.484 - 1 . 791 - 2.267 

Difference 0 . 307 0 . 476 

Diff . x setting f . 0 . 306 0.475 

3 

0 . 6251 

23 . 9 

- 2 . 778 

0.012 

- 2 . 766 

- 5.03 

0.03 

-s . oo 
2 . 23 

0 . 053 

- 2.713 

- 0 . 083 

- 2 . 796 

0 . 529 

0.528 
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Table XLIII 

Series No. 29A; Solute: Ethylenediamine sulfate 
0 

Wt. solvent: 91.7 g; Initial f. p. 9 .9 

Run Number 0 1 2 3 

Wt. solute, g . 0.2228 o.4106 0.2718 

Room temp. 22.5 23.2 24.8 25.0 . 

Observed f. p. -1.636 -1.890 -2.403 - 2.760 

Correction 0.014 0 .014 0.013 0.012 

Corr. reading I -1.622 -1.876 -2.390 -2.748 

Supercooling temp. -2.96 -3.06 -4.21 -4.80 

Correction 0.01 0.01 0.03 0.03 

Corr. super. temp. -2.95 -3.05 -4.18 -4.77 

Supercooling 1.33 1-. 15 1.79 2 . 02 

Super. corr. 0.011 0.015 0.035 0.048 

Corr. reading II -1.611 -1.861 -2.355 -2.700 

Emerg. stem corr . -0. 070 -0. 075 -0.086 -0.088 

Corr. reading III -1.681 -1.936 -2.441 -2.788 

Difference 0.255 0.505 0.347 

Diff. x setting f. 0.254 0.504 0.346 
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Table XLIV 

Series No. 29B; Solute: Ethylenediamine sulfate 
0 

Wt. solvent: 91.7 g; Initial f. p •. 10.2 

Run Number 0 1 2 

Wt. solute, g. 0.3422 0 . 3422 

Room temp. 27.6 28.2 29.2 

Observed f. p. -1.322 - 1.732 -2.165 

Correction 0.013 0.014 0.014 

Corr. reading I -1.309 - 1.718 -2.151 

Supercooling temp. -2.84 -3.08 -3.74 

Correction 0.01 0.01 0.02 

Corr. super . temp. -2.83 -3.07 -3.72 

Supercooling 1.52 1.35 1.57 

Super. corr. 0.005 0.012 0.024 

Corr. reading II -1.304 -1.706 -2.127 

Emerg. stem corr . -0. 097 -0.102 - 0.104 

Corr. reading III -1.401 -1.808 -2.231 

Difference 0.407 o.423 

Diff ~ x setting f. 0.406 o.422 
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Table XLIV (cont'd.) 

Run Number 3 3a 4 

Wt. solute, g . 0.4805 o. 7407 . 

Room temp. 29.0 28.5 27.5 

Observed f. p. -2.802 -2.827 -3.868 

Correction 0.012 0.012 0.026 

Corr. reading I -2.790 -2.815 -3.842 

Supercooling temp. -4.42 -4.75 -5.27 

Correction 0.03 0.03 0.03 

Corr. super. temp. -4.39 -4.72 -5.24 

Supercooling 1.60 1.90 1.40 

Super. corr. 0.039 0.047 0.054 

Corr. reading II -2.751 -2.768 -3.788 

Emerg. stem corr. -0.106 -0.104 -0.103 

Corr. reading III -2.857 -2.872 -3.891 

Difference 0.626 o.641 1.019 

Diff. x .setting f. 0.624 0.639 1.016 



-83-

Table XLV 

Effect of Time on the Freezing Point of a Sulfuric 

Acid Solution of Ethylenediamine: Evidence of Drift 

Series No. 30; Solute: Ethylenediamine sulfate 
0 

Wt. solvent: 91.7 g; Initial f. p. 9.9 

Run Number 0 1 la 

Time, hours 24 

Wt. solute, g. 0.8786 

Room temp. 24.2 25.5 24.9 

Observed f. p. -1.687 -2.778 -2.834 

Correction 0.014 0.012 0.012 

Corr. reading I -1.673 -2.766 -2.822 

Supercooling temp. -3.06 -4.55 -4.25 

Correction 0.01 0.03 0.03 

Corr. super. temp. -3.05 -4.52 -4.22 

Supercooling 1.38 1.75 1.40 

Super~· corr. 0.012 0.048 0.033 

Corr. reading II -1.661 -2.718 -2.789 

Emerg. stem corr. -0.080 -0.092 -0. 088 

Corr. reading III -1.741 -2.810 -2.877 

Difference 1.069 1.136 

Diff. x setting f. 1.066 1.133 
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4. Auxiliary Experiments 

a. Azlactonization Tests with p-Nitrobenzoylalanine. 

p-Nitrobenzoylalanine. This compound was prepared from 

6.25 g of DL-alanine (Eastman Kodak) and 12.5 g of p-nitro­

* benzoyl chloride, as described by Colles and Gibson (62). 
0 

The yield of recrystallized product, m. p. 190-191, was 12.5 g _ 

(78%). Lit. (62): Yield, 75-79%; m • . p. 194°. 

2-(p-nitropheny1J.-4-methyl-5-oxazolone. Prepared from 

p-nitrobenzoylalanine (10 g) and acetic anhydride (100 ml) 

in the usual manner (43). After removal of the solvent under · 

reduced pressure, the syrupy residue was taken up in 50 ml 

of benzene. 150 ml of petroleum ether (60-70°) was then added 

and the mixture cooled in an ice-bath. Scratching caused the 

separation of a yellow, crystalline solid. After 2-3 hours 

the mixture was filtered and the solid washed well with petro-

leum ether. When dry, the pale yellow solid weighed 6.6 g 

(71% yield). After crystallization from benzene-petroleum 
0 

ether the melting point was 127-129 • 
*~~ 

Anal. Calcd. for c10H3N204: C, 54.55; H, 3.66; N, 12.72 

Found: C, 54.27; H, 3.88; N, 12:66 

The azlactone gives an intense red-violet color with 

aqueous alkali, a reaction characteristic of azlactones derived 

from the p-nitrobenzoylamino acids (37, 38). 

Sulfuric Acid Catalyzed Azlactonization. When ~ a small 

* Prepared in 86% yield from p-nitrobenzoic acid (20 g) and 
thionyl chloride (100 g) by refluxing for 8 hours. 

** Analysis by Mr. G. Swinehart. 
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amount of p-nitrobenzoylalanine was dissolved in~ a few ml of 

sulfuric acid ( concentrated or slightly fuming) and the 

solution quickly poured into an excess of cold aqueous KOH, 

the intense red-violet color characteristic of the azlactone 

was observed. 

A small quantity of p- nitrobenzoylalanine was suspended 

in a few ml of acetic anhydride in duplicate test tubes. 

When a few drops of concentrated sulfuric acid were added to 

the second tube ,, a clear solution formed almost immediately. 

Both tubes were then emptied into separate? beakers containing 

an excess of aqueous KOH. Whereas the first mixture gave ~ 

only a faint pink color, the second, containing sulfuric 

acid , gave an intense red-violet color. 

b.Formation of 2-methyl-4-benzal-5-oxazolone in Sulfuric 

~cid. One gram of l)l-acetamidocinnamic acid was dissolved 

in 5 ml of slightly fuming sulfuric acid and the resulting 

orange solution allowed to stand overnight. It was then 

poured into 50 ml of ice water, giving a yellow precipitate. 

The mixture was filtered and the yellow solid washed with 

water and then tritura ted with aqueous sodium bicarbonate. 
0 

The yellow solid weighed 0.15 g and melted at 146 ~ 5 - 149.5 • 

Recrystallization from carbon tetrachloride raised the melting 
0 

point to 150-152 and this was not depressed on admixture with 

an authentic sample of 2-methyl-4-benzal-5-oxazolone, m. p. 

152-153° ( 63) . 

c.Formation of 2- methyl-4-benzal - 5-oxazolone in Acetic 

Anhydride Containing Sulfuric Acid. One gram of ~-acetamido­

cinnamic acid was covered with 3 ml of acetic anhydride. When 
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0.25 ml of slightly fuming sulfuric acid was added, the 

mixture evolved heat immediately as most of the solid went 

into solution. After five minutes the clear, yellow solution 

was poured into ice water and the precipitate washed with 

water and then triturated with aqueous sodium bicarbonate ;; 
0 

The yellow solid obtained weighed 0. 35 g and had m. p. 149- 151 • 

d. The Reactions of Benzhydrazide with Sulfuric Acid 

Concentrated (96%) Sulfuric Acid . (1) Five grams of 

benzhydrazide, m. p. 113-114°, was dissolved in 15 ml of 

sulfuric acid , the mixture being kept below room temperature 

by cooling in an ice - bath. Five minutes after solution was 

complete1 t he mixture was poured into 50 ml of ice water. 

The white precipitate was collected, washed with water and 

dried. The weight of the solid , completely soluble in sodium 

bicarbonate solution, was 1.0 g. (22% yield of benzoic acid) 

(2) In a second experiment the solution of benzhydrazide 

(5 g) in 96% sulfuric acid (15 ml) was heated on the steam 

cone for one and one half hours . It was then . allowed to 

cool and poured into 50 ml of ice water. The copious white 

precipit ate was collected and washed well with water . It was 

then recrystallized from 200 ml of boiling water. There was 

obtained 3.2 g of beautiful , g listening scales melting at 

121- 122° . Cooling the filtrate overnight in the cold room 

(4°) caused the separation of another 0.5 g of acid . Since 

the solubility of benzoic acid in water is g iven as 0. 18 g 
0 

per 100 ml at 4 (64) , we may estimate the amount remaining 

in solution as 2 x 0 . 2:0.4 g. The tot~l yield ~f benzoic 

acid is therefore 4 . 1 g (91%) . 
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(3) Experiment (2) was repeated with benzamide instead 

of benzhydrazide. The precipitate which formed on pouring 

the reaction mixture into water was washed well with water 

and dried. The weight of solid, which was completely in­
o 

soluble in sodium bicarbonate and melted at 125-126 , was 

3.1 g (62% recovery of benzamide). There was no evidence 

for the formation of benzoic acid. 

Absolute (100~) Sulfuric Acid. (1) The Formation of 

Dibenzhydrazide. To 15 ml of the solution of benzhydrazide 

in sulfuric acid from the freezing point determination 

( orig inal f. p •. 10.0°, contains 0.35 g of benzhydrazide) 

there was added 5.0 g of benzhydrazide. The mixture was cooled 

in an ice - bath during the addition so that the temperature 
0 

did not rise much above 25 • The solution was allowed to 

stand at room temperature for one half hour and then poured 

into 50 ml of ice water. The white precipitate was collected 

and washed well with water. After two extractions with hot 

wate~ there remained 0.75 g of an insoluble white solid. 

The compound did not react with sodium bicarbonate solution. 

The sample was crystallized from 30 ml of boiling 95% alcohol, 

from which it separated on cooling in a spongy mass of very 
0 

fine needles. Wt. 0.47 g; m. p • . 241-242 • 

* Anal. Calcd. for C14H12N2o2 : C, 69.98; H, 5.04; N, 11.66 

Found: C, 69.99; H, 4.97; N, 11.76 

* Ana lysis by Dr. Adalbert Elek. 
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The melting point observed here is identical with that 

reported for dibenzhydrazide by Curtiss, Koch and Bartells 

(65). Another 0.15 g of bicarbonate-insoluble s olid was 

obtained on . cooling the water extracts. The : total yield of 

dibenzhydrazide was therefore 0.90 g (19%). It may be esti-

mated that the original white precipitate contained about 

1.2 g (25%) of benzoic acid • . 

(2) The Formation of Dinhenylfurodiazole. To the re-

maining 35 ml of cryoscopic sulfuric acid solution there was 

added enouEh benzhydrazide (9.2 g) to bring the total amount 

to 10 g. The mixture was then heated on the steam cone for 

one and one half hours. A clear, yellow-orange solution 

resulted. This was allowed to stand at room temperature for 

2 days. It was then poured into 150 ml of ice water. The 

copious white precipitate was collected, washed with water, 

and then triturated with sodium bicarbonate solution. The 
0 

insoluble solid was filtered off and dried in an oven at 105 • 

Wt. 4.8 g. The product was dissolved in 50 ml of glacial 

acetic acid and the solution poured with stirring into 250 ml 

of water. The precipitate was collected, washed and dried. 
0 

Wt. 3.6 g; m. p. 138.5-139.5 • Recrystallization from 95% 
0 

alcohol gave glistening, pearly plates, m. p • . 139-140 . 

* Anal. Calcd. for C14H1oN20: C, , 75.66; H, 4.54; N, 12.61 

Found: C, 75.73; H, 4.64; N, 12.50 
I 0 

Stolle (53) gives the melting point 138 • The yield of 

crude product (4.8 g) was 59%. Acidification of the sodium 

* Analysis by Dr. Adalbert Elek • . 
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bicarbonate extract yielded 1.7 g (19%) of benzoic acid, 
0 

m. p. 121.5-122.5, after crystallization from water. 

e. The Sulfonation of Phenylalanine. Reaction was 

conducted in the manner described by -Erlenmeyer and Lipp (55) • . 

From 33 g of phenylalanine (Dow Chemical) and 50 ml of stock 

sulfuric acid (slightly fuming), heated for one hour on the 

steam cone, there was obtained 20.8 g of a white solid and 

15 g of an amber, glassy resin. Both were water-soluble to 

give acidic solutions, . evolved carbon dioxide with sodium 

bicarbonate solution and gave no precipitate with barium 

chloride solution. The white solid analyzed for p-sulfo-

phenylalanine monohydrate, the product obtained by the pre ~ 

vious workers (55). 
* Anal. Calcd. for c9H13No6s: C, 41.05; H, 4.98; 

N, 5.32; S, , 12.18 

Found: C, 41.12; H, 4.86; N, 5.53; S, , 12.07 

The yield of the sulfonic acid was only 40% • . The amber 

resin may be a mixture of poly-sulfonated and condensation 

products of phenylalanine. 

* Analysis for _nitrogen by Mr. G. Swinehart, , the others by 
Dr • . Adalbert Elek. 
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Part II 

STUDIES ON THE CHEMISTRY OF AZLACTONES 
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A. The Acid Catalyzed Erlenmeyer Synthesis. 

The condensation of an aldehyde with an acylglycine in 

the presence of acetic anhydride is known as the Erlenmeyer 

(azlactone) synthesis (43). Although Plochl (66) originally 

conducted this reaction in the absence of additional cata­

lysts, Erlenmeyer (67) introduced the use of sodium acetate. 

That this basic catalyst is truly efficacious was shown when 

we observed that the yield of 2~phenyl-4-benz:al-5-oxazolone 

in the equimolar condensation of benzaldehyde with hippuric 

acid in three moles of acetic anhydride for two hours at 

100° (the "standard11 conditions) dropped from 68% to 46% 

when one mole of anhydrous sodium acetate was omitted. Plochl 

claimed an 80% yield of azlactone in the absence of sodium 

acetate, but the molar ratio of reactants is not stated. It 

seems probable that be used an excess . of benzaldehyde, since 

Williams and Ronzio ( 68) reported a 95% yield of azlactone 

in the presence of potassium acetate when a 100% excess of 

benzaldehyde is used. Recently, .Galat (69) has shown that 

the stronger bases potassium carbonate and potassium bicar­

bonate are more effective catalysts than sodium acetate. We 

have confirmed his results, obtaining an 86% yield of azlactone 

in the equimolar condensation of benzaldehyde with hippuric 

acid in the presence of one mole of anhydrous potassium car­

bonate. It .. is clear from these observations that the Erlen­

meyer synthesis has been justly regarded as a special case 

of the Perkin reaction (70), and a search of the literature 

reveals that only in- rare instances has the basic catalyst 

been omitted. 
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The relatively mi ld conditions and uniformly good yields 

of this reaction have led to the conclusion that the actual 

condensation takes place between .the aldehyde and the az-

lactone formed by the action of acetic anhydride on the- acyl ­

glycine. 

(28) C6HsCHO + CH2-c =o C6HSCH= C-C =o +H20 
I I -,. I I 
N~ ,,,o N~ /0 
~c ~86H5 ' C6H5 

XII XIII 

This contention is upheld by the observation that hippuric 

azlactone (XII) g ives a nearly quantitative yield of 2-phenyl-

4-benzal-5-oxazolone (XIII) when .treated in ethanol at room 

temperature with benzaldehyde and a trace of a tertiary amine 

catalyst (44). The fact that benzoylsarcosine, which cannot 

form a typical azlactone, .has been reported to condense with 

aldehydes less readily than does hippuric acid (41, 71) has 

also been considered as evidence for this mechanism (43). 

However , it will be seen that the latter argument is not con-

elusive. 

In Part I, section C, it was shown that both benzoyl-

glycine (hippuric acid) and benzoylsarcosine (N-metbylhippuric 

acid) are essentially completely cyclized in sulfuric acid 

solution to the corresponding oxazolonium ions. The methylene 

group of these cations might be expected to be of the same 

order of reactivity as that of hippuric azlactone (XII). 

Furthermore, one might expect an acid catalyzed Perkin reaction 
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to occur in the solvent sulfuric acid (35 , 72, 73). We 

therefore condensed benzaldehyde with an equimolar amount 

of hippuric acid in twelve moles of slightly fuming sulfuric 

acid. There was obtained a 35% yield of a yellow product, 

melting point 120-151°, which could be converted nearly 

quantitatively to practically pure azlactone (XIII) by treat ~ 

ment with ~yridine at room temperature. The product thus 

behaves like a mixture of the geometrical isomers of the 

azlactone , for Carter and Risser (74) reported that the mix­

ture could be · isomerized to the higher melting, stable 

isomer by treatment with pyridine. 

It was thought that the reaction could be made of more 

preparative interest by effecting the condensation in ordi ­

nary concentrated sulfuric acid , but even when a large excess 

of the 96% acid was used only a small amount of product was 

obtained. 

Since preliminary experiments had indicated that the 

azlactoniza tion of t,X.- acylamino acids in . acetic anhydride is 

catalyzed by sulfuric acid (Part I , section C), we investigated 

the condensation of benzaldehyde with hippuric acid i n ac etic 

anhydride - sulfuric acid mixtures. It was found that heating 

to 100° caused considerable tar formation and that the reac­

tion appeared to be incomplete unless two moles of sulfuric 

acid were used . The optimum conditions were obtained when 

one mole of benzaldehyde was allowed to react with one mole 

of hippuric acid in a mixture of two moles of sulfuric acid 

(concentrated or slightly fum i ng) and t hree moles of acetic 

anhydride for 24 hours at room temperature ~ The products 
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from several runs, obtained in yields of 85-86%, were yellow 

solids which melted over an approximately 20° range, within 

the limits 120-150~ Recrystallization did not substantially 

improve the~ melting point. However, treatment with pyridine 

at room temperature gave essentially quantitative yields of 

practically pure 2-phenyl-4-benzal-5-oxazolone, .melting point 

(either alone or when mixed with an authentic sample) 163.~-
o 164.5 • This behavior is consistent with the view that the 

product of the acid catalyzed condensation is a mixture of 

the geometrical isomers of the azlactone (74). 

We have attempted to separate the geometrical isomers by 

the method of Carter and Risser (74). However, the b(-benz-

amidocinnamic acid obtained upon hydrolysis of the azlactone 

mixture melted over a wide range, even after three crystalliza­

* tions had afforded a sample of analytical purity. Our failure 

to effect a separation may be due either to some deviation 

from the recommended procedure (74) or to the fact that the 

isomeric composition of our mixtures was somewhat different 

than that of the mixture encountered by the earlier workers. 

From the acid catalyzed condensation of benzaldehyde with 

benzoylsarcosine there was obtained a -66% yield of pl-(N-methyl­
o 

benzarnido)-cinnamic acid, m. p •. 116- 117.5 • The satisfactory 

* A frontal analysis on charcoal of a sample of the acid 
mixture in ~ alcohol solution was kindly performed by Mr. G. 
Fasman in ·these laboratories. Two distinct fronts were ob­
served, showing the presence of two components in the ~ mixture. 
The solution corresponding to the first front was evaporated 
to yield an acid, m. p. 212-213°. This material would appear 
to be the lower melting isomer of 0(. -benzamidoc innamic acid, 
but Carter and Risser (74) report m • . p . 199- 200° for this 
compound. We have n0 explanation for this discrepancy. 
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yield in this room temperature reaction may be contrasted 

with the results of Heard (41), who reported no yield by 

the usual sodium acetate catalyzed procedure, and of Deulofeu 

(71), who obtained a 40% yield of slightly impure product, 

m. p. 110-111°, upon conducting the base catalyzed reaction 

at 130-135°. The :~ fact that our reaction proceeds without 

external heating supports the view that benzoylsarcosine is 

not the reactive component, but is first cyclized to the 

oxazolonium ion. The latter possesses a much more reactive 

methylene group for the condensation with benzaldehyde. The 

idea of an oxazolonium ion as an intermediate in reactions 

of acylsarcosines has been suggested also by Cornforth and 

Elliott (75). These authors e:xplain the results of Deulofeu 

(71),and also the finding of Wiley and Borum (76) that acetyl­

sarcosine undergoes the Dakin-West reaction, by postulating 

the intermediate formation of an .oxazolonium ion. The sig~ 

nificance of these ideas with respect to the mechanism of the 

Dakin-West reaction has also been discussed by Cleland (77). 

It is no longer difficult to understand the _ observations 

of Jackson and Cahill (78) and of Carter and Stevens (79) 

concerning the racemization of l)( -N-methylamino acids by 

ketene and acetic anhydride, respectively. In both cases the 

intermediate formation .of the reactive oxazolonium ion would 

explain the loss of optical activity upon treatment with. 

these reagents. 

The mechanism of the acid catalyzed condensation of 

benzaldehyde with benzoylsarcosine is probably as follows: 
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(31) 
L.o 

CH- C ~ 
( 2 " ococH3 

CH3 - N'- ~ O 
c ~ 

I 
C6H5 

XIV 

(32) 

(33) XV + XVI 

(34) XVII 

,o 
CH - c' .. 
I~ I .. 

CH3- N~ .,- 0 
~ c 

( 
C6H5 

xv 

+ 
-CH3co2 

+ 
H 

On hydrolysis of the reaction mixture, the condensation 

product XVIII yields 0( - (N-methylbenzamido )-cinnamic acid. 
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The ready hydrolysis of XVIII may be compared with the rela­

tive stabili tY .. of the azlactone XIII toward water. This 

suggests that the poor results reported in the previous at­

tempts to condense aldehydes with benzoylsarcosine may have 

been due to the failure to use acetic anhydride which is 

essentially free of acetic acid. 

The fairly sharp melting point observed for the O(_-(N­

methylbenzamido )-cinnamic acid obtained in . the acid catalyzed 

condensation indicates that it is a practically pure geometri­

cal isomer. This result seems to be in accord with the some­

what lower yield of the N-methyl condensation:, product. Thus, 

steric hindrance arising from interaction of the N~methyl 

group with .the phenyl group of benzaldehyde may bring about 

the reduced yield by inhibiting the formationof that isomer 

in which these groups are in .the cis position. 

However, the lower yield of N-methyl compound in the 

acid catalyzed reaction may be due to another factor. Thus; 

we observe that the condensation of the conjugate acid of 

benzaldehyde (XVI) with the N-methyl oxazolonium ion XV 

(equation 33) is adversely affected by the electrostatic 

repulsion of the two cations. In the case of hippuric acid 

it is logical to assume that the oxazolonium ion first loses 

a proton to g ive the free oxazolone before reacting with the 

conjugate acid of benzaldehyde. With the N-methyl compound, 

however, this initial conversion to an uncharged reactive 

methylene component is not possible, so the reaction must 

proceed as indicated. 

Attempts to obtain 2-methyl-4-benzal-5-oxazolone by the 



-98-

acid catalyzed condensation of benzaldehyde with acetyl ­

glycine were unsuccessful. Oily products which contained 

much unreacted benzaldehyde were formed instead. This result 

might have been anticipated, since the cryoscopic measure­

ments had shown that very little cyclization of acetylglycine 

occurs under the same conditions which cause essentially 

complete cyclization of benzoylglycine and benzoylsarcosine. 

Yet, azlactonization of acetylglycine in the acetic anhydride­

sulfuric acid mixture should have been appreciable. We can 

only comment that there is some reason .to believe that in the 

sodium acetate catalyzed reaction also the intermediate 

2-methyl - ~oxazolone is either formed more slowly or· is less 

reactive than .2- phenyl-5-oxazolone (43). 

Aliphatic aldehydes failed to g ive condensation . products 

in the acid catalyzed reaction with hippuric acid. Side 

reactions of polymerization and self - condensation were prob­

ably responsible for the negative results. The aliphatic 

aldehydes g ive low yields in the usual base ca talyzed reac ­

tion (44). Of the few ketones investigated only cyclopentan-'!" 

one yielded a trace of a solid, m • . p • . 115- 116°,.but so little 

was obtained tha t it was not characterized further. 

Interesting results were obtained with the four substitut­

ed benzaldehydes investigated . Thus, while anisaldehyde gave 

a 41% yield of the corresponding azlactone in the acid cat ­

alyzed reaction with hippuric acid, o- chlorobenzaldehyde and 

m- nitrobenza ldehyde yielded only 10% and 13%, respectively . 

In general, negatively substituted benzaldehydes g ive better 

yields in the (base-ca talyzed) Perkin (70) and Er l enmeyer (43) 
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reactions than does benzaldehyde itself. However, the 

protonation .of the aldehyde group in acetic anhydride-sulfuric 

acid might be expected to occur to a lesser extent in the 

presence of electronegative substituenta (cf. equation 32}. 

This explains why the reverse order of reactivity is observed 

for the acid catalyzed reaction • . The lower yield with anis­

aldehyde (only half that g iven by benzaldehyde) may perhaps 

be due to a protonation which competes with the activation 

of the aldehyde group, . i. e., . 

( 35) (p) CH3-o-C6H4CHO + H2so4~[(p) CHy~-C6H4CH1:HS04-
Salicylaldehyde yielded no condensation product with 

hippuric acid, but gave instead a 76% yield of salicylalde­

hyde triacetate (80). This anomalous behavior is probably 

due to the rapid formation in the reaction mixture of the 

interesting compound disalicylaldehyde (81 ), which on stand ­

ing is slowly converted into the triacetate (80, 81). 

Reduction of the crude nroduct of the benzaldehyde­

hippuric acid condensation by the method of Lamb and Robson 

(82) gave a 75% yield of N-benzoylphenylalanine, m. p. 181-

182.5? increased to 184-5° by one crystallization from acetone. 

The formation in good yield of an homogenous product upon 

reduction of the carbon- carbon double bond is further evidence 

that the product of the acid catalyzed condensation reaction: 

is a mixture of geometrical isomers rather tharr a mixture 

of different compounds. 
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B. The Formation of Geometrical Isomers of Unsaturated 

Azlactones. 

The sulfuric acid catalyzed condensation of benzaldehyde 

with hippuric acid has been found to give a mixture of the 

geometrical isomers of 2-phenyl-4-benzal- 5-oxazolone (Part II, 

section A). Although the only product which has ever been 

observed in the acetic anhydride and acetic anhydride-sodium 

acetate catalyzed reactions is the stable , higher melting 

isomer, m. p. 165-166°, there are several reports in the liter­

ature of other instances where the usual base-catalyzed Erlen­

meyer synthesis has yielded a mixture. Thus, Erlenmeyer and 

Matter (83) found that the condensation of cinnamaldehyde with 

hippuric acid gave a product which behaved like a mixture of 

the geometrical isomers, but they were unable to effect a sep­

aration . Doherty, Tietzman and Bergmann (84) obtained a small 

amount of a second isomer in the cond ensation of benzaldehyde 

with acetyldehydrophenylalanylglycine. Recently, Herz (85) 

has reported the reaction of 2-pyrrolealdehyde with hippuric 

acid to yield a mixture of geometrical isomers of the corre­

sponding azlactone . Larsen and Bernstein (86) have isolated 

two isomeric forms of the unsaturated oxazolidone produ ced by 

the condensation of benzaldeh¥de with N-phenacetyl-N-phenyl­

glycine . 

It thus appears tha t the formation of both geometrical 

isomers of the condensation product in the Erlenmeyer synthesis 

is by no means a unique observation . Perhaps the Erlenmeyer 

reaction in general leads to a mixture of isomers, but the 

se cond isomer is detected only when it is formed in excess of 
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a certain amount. The critical amount would depend on the 

shape of the melting point curve for the isomeric pair and on 

their relative solubilities; it is thus different for each 

case. We should like to know why sulfuric acid causes the 

formation of an increased amount of the second isomer in the 

condensation of benzaldehyde with hippuric acid. Indeed, we 

wonder why the usual Erlenmeyer product consists essentially 

of one geometrical isomer and not two, as is the case in the 

other instances mentioned. In the following discussion we 

shall seek an explanation for these g eometrical effects. 

A possibility is that one or both of the catalysts, 

sulfuric a cid and sodium acetate, can cause isomerization of 

the unsaturated azlactone. However, it wa s found that the 

higher melting isomer is not appreciably affected by subjecting 

it to the conditions of the acid-catalyzed reaction. When 

a sample of the a zlactone, m. p. 164-166°, prepared by the 

"uncatalyzed" condensation in a cetic anhydride, was treated 

with a mixture of two moles of sulfuric acid and three moles 

of acetic anhydride for 24 hours at room temperature, 98% of 
0 the azlactone, m. p. 160-163 , could be recovered. While it 

is possible tha t some interconversion occurred, it is clear 

that isomerizati on of the azla ctone cannot explain the results 

previously described (Part II, section A). Similarly, a sample 

of the azlactone mixture, m. p. 123-129°, prepared by the 

sulfuric acid-acetic anhydride catalyzed reaction, was treated 

with a mixture of acetic anhydride and sodium a cetate on the 

steam cone, but the recovered azlactone melted at 125-155°. 

When the azlactone mixture, m. p. 123-129°, was refluxed with 
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acetic anhydride for two hours the r e covered azla ctone had m. p. 

124- 141°. While some isomerization may occur under these con-

ditions, it is obvious tha t this cannot be the deciding factor. 

It follows tha t the difference in the geometrica l course of the 

reaction must be due to a different influence of the catalysts 

in question on the intermediate addition product of benzaldehyde 

and hippuric azlactone (XI X) 

OH 
I 

c6H -CH-CH - C ~ O 
5 I I 

N~ ,,o 
~ c 

XIX 

I 
C6H5 

It is possible that in addition to, or inste ad of, the 

usual base-catalyzed 

* reaction 

( 36) 

.. 
- H 

f -elimination step of the condensation 

- OH 
~ c H - CH: c - c=o 

6 5 I I 
N~ ,......o 
~ c 

I 
C6H5 

the sulfuric acid cata lyzed reaction may involve another elimi­

na tion mechanism which ha s a carbonium ion intermedia te (87): 

* Although pictured in a stepwise manner, the eliminati on of 
the elements of water is probably a simultaneous process (87). 
We do not consider tha t . acetyla tion of the hydroxyl group of XI X 
is prerequisite to the elimination rea ction , but this undoubt­
ed ly occurs to a certain e xtent. 
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(37) 
-H+ 

.... C6H5- CH = r - y= 0 

N~ ,,o 
c 
I 
C6H5 

If reaction (37) makes a significant contribution in the sul-

furic acid catalyzed condensation , it would be expected to lead 

to a mixture of the geometrical isomers . 

The postula te that an alternative elimination mechanism 

may opera te in the presence of sulfuric acid does not explain 

all the experimental results . For instance, it does not tell 

us why one of the two geometrical isomers largely predominates 

in the base-catalyzed condensa tion product. In seeking a more 

general explanation for the geometrical effects it is necessary 

to consider the mechanism of the {J - elimination reaction (equa­

tion 36) in greater detail . 

Let us a ssume tha t the condensation reaction of benzalde-

hyde with hippuric azlactone leads to a mixture of all four of 

the possible stereoisomeric forms of the intermediate addition 

product XIX , as is shown in Fi gure 2 . We may postulate that 

the molecules of the intermedia te must orient themselves by ro­

tation about the central ca rbon.carbon bond so that the bf,. - hydro­

gen atom and the p - hydroxy group are in a trans position to 

each other before the p - elirnination reaction can occur (87) . 

As a consequence of their stereochemical configuration , the 

threo isomers XIXa and XIXd will then g ive rise to the geome -

trical isomer Z, whereas the erythr o isomers XIXb and XIXc will 

g ive isomer Y. Hence , other thing s being equal, we should 

e xpect the condensa tion re a ction to yield an equimol ar mixture 
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+ 

0 0 0 0 

ll '' '' ,, c-o, o-c 
l /. C-C 6H5 CcHr-c(_ l 

H-C-N~ 0 .:J " N- C-H 
I ------ I 

c- o, o- c 
I ~C-C6H~ C6Hr-C~ l 

H-C- N? '.'J .:J ~N- C " I ------~ ... ,-n 
HO-C-H 

I 
HO-C -H Mutarotation 

I 
H-~ - OH Mutarotation H-i-OH 

C6H5 C6H5 C6H5 

XI Xa · XIXb XIXc XIXd 

k4 t t k4 

H ' c=c c:o 
C6H5/ I I 

N~ 0 " c..,.... 
' z. 
C6H5 

Figur-e 2 . . Stereochemistry of the Condensation of 

Benzaldehyde with Hi ppuric Azlactone. 
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of the geometrical isomers Y and Z. Yet, in the base-catalyzed 

reaction, in which we assume that only the ~ -elimination 

mechanism of equation (36) is operative, we find that one 

geometrical isomer largely predominates. 

We would have an explanation of this apparent contradic-

tion if we could show that the rates of re action k3 for the 

!hreo pair and k4 for the erythro pair were widely different, 

especially if the slower r a te were less than k2 • Such a big 

difference in the rates 1< --3 and k4 is entirely possible (87), 

but we cannot say that it is probable in this case. If there 

is an appreciable diff~rence in the amount of steric inter­

action between the {J -phenyl group and the oxazolone ring in 

the two diastereoisomers, then the preferred orientation of 

one diastereoisomer might be such that the 0(. -hydrogen atom 

and the ~ -hydroxy group are more nearly trans to each other 

than in the second. Consequently, the (3 -elimination reaction 

would be expected to procede more rapidly with the first dia-

stereoisomer than with the second. 

There is one observa tion in the literature which appears 

to lend support to the speculation that there may be a sizable 

difference in the r ates k3 and k4 • Forster and Rao (88) 

reported that the benzoylation of their "trans" /J -phenyl­

serine, recently shown by Huebner and Scholz (89) to be the 

DL-threo compound, led to the formation of the stabile isomer 

of 2 -phenyl-4-benzal-5- oxazolone, m. p. 164°, but that the 

N-benzoyl derivative of their 11 9_is" ~ -phenylserine (presumably 

the DL-erythro compound) could not be converted to an azlactone. 

Unfortunately, the latter evidence must be discounted, for the 
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c ompound, m. p. 230-232°, alleged by these authors to be "cis" 

~ -phenylserine is almost certainly one of the diastereoisomers 

of ~ -phenyl-iso-serine described by Fourneau and Billeter 

(90). Hence, we do not h ave even qua litative information on 

the relative magnitude of the rates k
3 

and k
4

• 

Contrasting with the above specula tions is the observa-

tion of Carter and Stevens (79) tha t the action of acetic 

anhydride on "benzoyl-dl-0-methylal l othreonine" leads to a 

mixture gf the geometrical isomers of D( -benzamidocrotonic 

* acid azlactone. Carter and Risser (74) found that approx-

i mately the same mixture of azlactones was given by "benzoyl-

dl-0-methyl threonine. 11 'l'hey also reported that a mixture of 

the geometrical isomers of 2-phenyl-4-benzal-5-oxazolone (cf. 

Part II, section A) was formed by the action of acetic anhy­

dride on either "benzoyl-dl-0-methylphenylserine A" or "benzoyl­

dl-0-methylphenylserine B". These results are only possible if 

mutarotation of the intermediate saturated azlactones occurred 

first, followed by the p -elimination of methanol from both the 

~hreo and erythro pairs. It is clear tha t we must now consider 

the consequences of mutarot a tion of the intermediate addition 

product XIX, for it is known tha t saturated azlactones derived 

from the optically active O{ -amino acids are rather rapidly 

racemized by acetic anhydride (44, 79). 

Let us a ssume that rnutarotation of XIX occurs as shown 

in Figure 2. Now El liott (91) has shown that the mutarotation 

of the oxazoline esters derived from the ()(. -amino- P -hydroxy-

* This was the first reported isolation of the geometrical 
i somers of an unsaturated azlactone. 
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butyric acids can produce an equilibrium mixture containing at 

least 95% of one diastereoisomer. Hence, it is possible for the 

equilibrium mixture in the cas e of XIX to consist l argely of 

one dia stereoisorner, either the threQ pair (XIXa and XIXd) or 

the erythro pair (XIXb and XIXc). The {J -elimination of water 

from this preferred diastereoisomer would then lead to a pure 

geometrical is omer of the unsaturated azlactone. Thus, the 

geometrical purity of the azlactone product would depend in 

each case upon the relative rates of the mutarotation and 

~ -elimination reactions and upon the position of equilibrium 

in the mutarotation. With the intermediate addition product 

XIX of benzaldehyde and hippuric azlactone these factors are 

evidently favorable for the production of one geometrical iso-

mer. In some other cases mentioned earlier the rate and posi-

tion of equilibrium in the mutarotation must be less favorable 

for the production of one geometrical isomer. We conclude 

that the geometrical course of the usual Erlenmeyer synthesis 

is determined by those stereochemical forces which are respon-

sible for the mutarotation of the intermediate condensation 

product. 

We return now to our acid catalyzed Erlenmeyer synthesis. 

(Part II, section A). In order to explain the fact that a 

mixture of the geometrical isomers was obtained, we see that 

it is no longer necessary to invoke a separate elimination 

mechanism (equation 37), but only to postulate that sulfuric 

acid can inhibit the mutarotation of the intermediate XIX. 

In support of this hypothesis we offer the following new evi­

dence. Although optically pure benzoyl-D- ( - )-alanine is 
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c ompletely racemized in acetic anhydride solution in less than 

10 hours at room temperature, a solution of this compound in 

acetic anhydride containing sulfuric acid was found to retain 

an a ppreciable amount of optical a ctivity after 24 hours (cf. 

Figure 3). A solution of benzoyl-D-(-)-alanine in 100% sulfuric 

acid lost but one-third of its optical activity in one week. 

From the observed rotations and the results of our previous ex­

periments (Part I, section C) there can be no doubt tha t az­

lactone formation was both rapid and essentially complete in 

the last two instances. The conclusion that sulfuric acid 

inhibits the racemization of the optically active azlactone is 

therefore inescapable. 
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C. A Base-Catalyzed Reaction of a Saturated Azlactone. 

The intense color reaction of 2-(p-nitrophenyl)-4-methyl-

5-oxazolone with aqueous alkal i has already been described 

(Part I, section C). The color is believed to be due to the 

contribution of the structure XX to the resonance-stabilized 

anion (38). 

CH3- 0 - 1=0 
N 0 
' c/ 

~~ 
/ N' e 0 OG) 

xx 

We have had occasion to investigate also the behavior of 

this azlactone toward some tertia ry amines in inert solvents. 

It was found that N-ethy l morpholine, alone or in dioxane solu-

tion, and triethylamine in chloroform gave brilliant red-violet 

colors with this compound. Even as weak a base as formarnide 

gave a purple color with the azlactone. Without exception, 

however, these colors were transient, usually disappearing with-

in a few minute s. Hydrolysis of the azlactone, which gradually 

destroys the color i n aqueous alkali, cannot be responsible 

since water was rigorously excluded from t he organic solvents. 

It seemed likely that the azlactone underg oes some other reac-

tion under these conditions. 

A brief preliminary study of this phenomenon indic a ted 

that the reaction in question showed general basic catalysis. 

Formamide and triethylamine act upon the azlactone to g ive the 
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same or similar products; in both ca ses there was isolated a 

sma11 amount of a higher melting, insert solid and an orange 

oil. Neither of these prod ucts gave any color with aqueous 

alkali or with the organ ic bases, showing that either the oxaz­

olone ring has been destroyed or that the ~ -carbon atoms in 

the product no longer are bound to hydrogen a toms. 'rhe latter 

possibility suggests tha t the reaction in question may be a 

self-condensation of the aldol type. The nature of the products 

obtained indicates that they are complex or even polymeric. Our 

reaction may thus be similar to the so-ca lled "polymerization" 

of liquid saturated azlactones (43). Of further interest is the 

possibility that a condensation of this kind occurs as an unde­

sirable side reaction in the Dakin~West reaction (77). 
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1. The Acid Cat alyzed Erlenmeyer Synthesis 

The Condensation of Benzaldehyde with Hippuric Acid 

in 100% Sulfuric Acid. 5 g (1 mole) of hippuric acid was 

dissolved in 18 ml ( 12 moles) of 100% sulfuric acid (the stock 

acid of Part I, section G; slightly fuming). 3 ml (1 mole) of 

benzaldehyde was then added and the resulting red solution 

allowed to stand in an oven at 50° for 24 hours. It was then 

poured into 200 ml of ice - water. The pale yellow precipitate 

was collected and washed with water. The solid was triturated 

with NaHC0
3 

solution until there wa s no further evolution of 

co2 . The yellow solid whic h remained wa s co l lected and dried. 

Wt. 2.4 g ; m. p. 120-151° (35% yield of the azlactone mixture). 

The product wa s d issolved in 40 ml of pyridine at room 

temperature. After ten minutes the solution wa s poured into 

a mixture of ice, wa t er and 50 ml of concentra ted HC l . The 

yellow precipitate wa s co l lected, washed with water and dried. 

Wt. 2.3 g; m. p. 164-165.5°. The mixed melting point with an 

authentic sample of 2-phenyl - 4- benzal-5- oxazolone, m. p. 163-

1640 (92), was 163-165°. 

The Condensation of Benzaldehyde with Hi.1212Qric Acid in a 

Mixture of Sulfuric Acid and Aceti c Anhydride. 

(1) Small-scale reaction: 10 g (1 mole) of finely pow­

dered hippuric acid (Eastman White Label) was covered with 18 ml 

(3 moles) of acetic anhydride ( B & A Reagent) in a small flask. 

6 ml of concentrated sulfuric acid (C. P. Baker's, 96%) was 

then added. The hippuric acid dissolved on shaking t o give a 

* Melting points, but not boiling points, are corrected. 
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golden yellow solution as the temperature of the mixture rose 

to about 60°. 6 ml (1 mole) of freshly distilled benzaldehyde 

was then added and mixture turned a deep orange-red color. It 

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

mixture had then solidified to a mass of bright yellow crystals 

and orange-red liquor. 

The mass was broken up with a spatula and dumped into 

100 ml of ice-water. The yellow precipitate was collected, 

washed with water and then tritura ted with NaHC0
3 

solution. 

The yellow solid was collected and dried. Wt. 12.0 g ; m. p. 

130-152° (86% yield of the azlactone mixture). 

In another run, which differed from the above only in the 

use of 100% sulfuric a cid (stock · acid), there was obtained 

11.8 g (85%) of a product melting at 119-131°. Crystallization 

of 10 g of this product from 75 ml of acetic anhydride gave 7 g 

of yellow needles, m. p. 123-129°. A second crystallization 

from acetic anhydride gave yellow needles of m. p. 124-141°. 

In a third run the crude product, melting at 121-143°, was 

dissolved in 185 ml of pyridine at room temperature. After 20 

minutes the solution was poured into an excess of iced HCl. 

The yellow solid was collected, washed and dried. Wt. 11.1 g 

( 80%); m. p. 163.5-165°. The mixed melting point with an au-

thentic sample of 2-phenyl-4-benzal-5-oxazolone, m. p. 164-

1660, was 164-165.5°. 

(2) Large - scale reaction: When operating on a l arger 

scale it was found necessary to apply external cooling in order 

to control the reaction. The following procedure was found to 

g ive satisfactory results: 
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In a 500 ml,3-necked flask equipped with a thermometer, 

stirrer and dropping funnel there was p l a ced 100 g (1 mole) 

of hippuric acid (Eastman White Label) and 180 ml (3 moles) 

of redistilled acetic anhydride, b. p. 136.5- 138°. The flask 

was cooled in an ice-bath until the temperature of the slurry 

was about 10°. 60 ml (2 moles) of 100% sulfuric acid (stock 

acid) was then added dropwise from the funnel over a period of 

15 minutes, while the mixture was rapidly stirred. The tem­

perature of the reaction mixture rose to 30°. The resulting 

clear solution was stirred with continued ice-bath cooling 

until the temperature fell to 20°. 60 ml (1 mole) of freshly 

distilled benzaldehyde, b. p. 175-177°, was then added drop­

wise in fifteen minutes, while the temperature rose to 25°. 

The clear, orange solution was then poured into a wide-mouthed 

one liter Erlenmeyer fl a sk and allowed to stand at room tem­

perature for 24 hours. 

The solid yellow mass was broken up and dumped into one 

liter of ice-water. The yellow precipitate was collected and 

worked up in the usual manner. The weight of oven-dried prod­

uct was 118 g (85%). This was crystallized from 750 ml of 

acetic anhydride to give 104 g of yellow needles, m. p. 124-

1410. 5.0 g of this material was treated with pyridine (70 ml) 

in the manner previously described. There was obtained 5.0 g 

of yellow solid melting at 163-164.5°. The mixed melting 

point with an authentic sample of 2-phenyl-4-benzal-5-oxazolone, 

m. p. 162.5- 164°, was 162-164°. 

The Acid Catalyzed Condensation of Benzaldehyde with 

Benzoylsarcosine: Preparation of lX -(N-methylbenzamidol.::. 
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cinnamic acid. 5.4 g (1 mole) of benzoylsarcosine, m. p. 104-

1050 (pag e 45), was condensed with 3 ml (1 mole) of freshly dis­

tilled benzaldehyde in a mixture of 3 ml (2 moles) of 100% 

sulfuric acid (stock acid) and 9 ml (3 moles) of acetic anhy-

dride, in the manner described above for hippuric acid. After 

24 hours at room temperature the reaction mixture, an orange 

solution, was p oured into 50 ml of ice-water. There was formed 

momentarily a cloudy yellow solution but the color quickly 

faded as a pale tan taffy separated. The oily product did not 

solidify on standing for 2 days in the cold room. The product 

was triturated with an excess of NaHco
3 

solution and the 

alkaline solution freed from unreacted benzaldehyde by extrac-

tion with ether. After bo iling gently to expel ether, the 

solution was acidified (while hot) with concentrated HCl. A 

pale yellow oil separated. On cooling this chang ed to a cream-

colored taffy but failed to solidify. 

The taffy was dissolved in 65 ml of chloroform, the 

solution dr i ed with anhydrous caso4 and filtered. Upon addition 

of 150 ml of petroleum ether ( 60-70°) a colorless oil separated. 

The mixture was cooled in an ice-bath with occasional scratching 

for 2 hours, when the oil solidified. The colorless solid was 

collected and dried. Wt. 5.2 g ( 6 6%); m. p. 116-117.5°. 

* Anal. Calcd. for c
17

H
15

No
3

: 

Found: 

C, 72.58; H, 5.38; N, 4.98 

C, 72.45; H, 5.30; N, 4.89 

Deulofeu (71) reports a 40% yield of t h is compound, m. p. 

110-111°, from the sodium acetate catalyzed condensation con­

ducted at 130-135°. 

~F Analysis by Dr. Adalbert Elek. 
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The Acid Catalyzed Condensation of Substituted Benzal-

dehydes with Hippuric Acid. The following derivatives of 

benzaldehyde were condensed with hippuric acid in a mixture 

of sulfuric a cid and acetic anhydride by the usual procedure 

(page 112). In each case the crude product was treated with 

pyridine in the manner previously described. The yields and 

melting points of the corresponding azlactones were: anisal-

dehyde, 41%; m. p. 155.5-157.5°, lit. (93): 156.5°; o-chloro­

benzaldehyde, 10%; m. p • . 160-161°, lit. (94): 158-159°; 
0 

m-nitrobenzaldehyde, 13%; m. p. 176-177 , lit. (95): 178°. 

Salicylaldehyde gave a 76% yield of the triacetate, m. p. 

96-98°, increased to 98.5-100° by crystallization from 95% 

alcohol. Knovenagel (80) prepared this compound by treating 

salicylaldehyde with a mixture of acetic anhydride and sulfuric 

acid and gave m. p. 101-102°, after crystallization from alco-

hol. This author and also Adams, Fogler and Kreger (81) have 

shown that disalicylaldehyde is an intermediate in the formation 

of the triacetate. The very rapid formation of disalicylalde­

hyde (81) probably is responsible for the lack of formation of 

any condensation product with hippuric acid. 

Attempted Separation of the Mixture of Geometrical Isomers 

of 2-ohenyl-4-benzal-5-oxa~olone. We have attempted to demon-

strate by isolation the presence in our mixture of the labile 

azlactone isomer, or azlactone II of Carter and Risser (74). 

However, the separation of the isomers by their method of 

fr a ctional crystallization of the corresponding acids was 

unsuccessful in our hands. 
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In the first attempt ,10 g of a crude reaction product was 

extracted with 75 ml of a cetic anhydride. Upon treating the 

extract with water there wa s obtained 2.1 g of yellow solid, 

m. p. 113-125°. This was hydrolyzed with a mixture of 60 ml 

of 95% alcohol and 40 ml of 0.5 N NaOH. Acidification yielded 

1.55 g of the acid, which was extracted with 10 ml of absolute 

a lcohol (discarded). Wt. 1.0 g; m. p. 183-204°. This was 

reprecipita ted twice from a benzene - ethanol solution by the 

addition of petroleum ether. There was obtained 0.46 g of 

0 fine, silky white needles, m. p. 179- 203 • The sample analyzed 

for pure D( -benzamidocinnamic acid. 

* Anal. Calcd. for c16H13No3 : C, 71.90; H, 4.90; N, 5.24 

Found: C, 72.00; H, 5.02; N, 5.15 

In the second attempt , the acetic anhydride filtrate from 

the crystallization of 118 g of crude product (page 114) was 

hydrolyzed with water to g ive 11 g of yellow solid, m. p. 124-

1560. This was converted to the ester by treatment with sodium 

ethoxide in benzene solution. After three less-soluble frac -

tions of the ester had been removed by crystallization, the 

oil which remained was dissolved in alcohol and saponified with 

0.5 N NaOH . Acidification yielded 3.75 g of the acid, m. p. 

178-205°. This was extra cted with alcohol (discarded). The 

residue (2. 6 g ) was reprecipitated three times from a benzene -

etha nol solution by addition of petroleum ether. There was 

obtained 1.1 g of colorles s n eedles, m. p. 182 - 185° with 

partial resolidification to crystals which disappeared a t 195-

2000. This erratic melting behavior must be due to the iso-

* Analysis by Dr. Adalbert Elek. 
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meric mixture, for the sample analyzed as pure fX - benzamido­

cinnamic acid. 
~!-

Anal. Calcd. for c16H13No
3

: C, 71.90; H, 4.90; N, 5.24 

Found: C, 72.01; H, 4.98; N, 5.12 

By the latter procedure Carter and Risser (74) claim to 

have obtained from an azlactone mixture melting at 124-135° the 
0 

pure 0( -benzamidocinnamic acid II, m. p. 199- 200 . This was 

converted by acetic anhydride to the labile azlactone isomer, 

m. p. 146-148°. By treatment with pyridine at room temperature 

this labile isomer was converted into the stable , hi gher melt­

ing isomer, m. p. 163-165°. It was stated that a mixture of 

equal parts of azlactones I and II melts at 125-135°. A mix­

ture of lX-benzamidocinnami c acids I and II melted at 175- 190°. 

Reduction of the Mixture of Geometrical Isomers of 

2-phenyl - 4-benzal-5-oxazolone. The mixture of isomers was 

reduced a ccording to the method of Lamb and Robson (82). 10 g 

of the azlactone mixture, m. p . 124-141°, was refluxed for one 

hour with 1.6 ml of constant-boiling HI, 3 g of red phosphorus 

and 70 ml of glacia l acetic acid. The re a ction mixture was 

filtered hot and then poured into one liter of water. The 

crude product was collected by filtration and crystallized from 

a mixture of 800 ml of water and 400 ml of alcohol. After dry ­

o ing in an oven a t 105 , the nearly colorless , crystalline 

product weighed 6.9 g (64%); m. p. 181- 183°. The mixed melting 

point with an authentic sample of benzoylphenylalanine, m. p. 

183.5- 185°, was 181- 183°. Recrystallization of the product 

from boiling a cetone gave colorless cry stals melting at 184-185~ 

* Analysis by Dr. Adal bert Elek. 
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In another run,a 10 g sample of azlactone mixture, m. p. 

130-152°, gave 8.05 g (75%) of crude product melting at 181-

182.50. Lamb and Robson (82) reported the reduction of the 

stabile azlactone isomer to g ive a 72% yield of product melt-
o 

ing at 181 • Our results for the azlactone mixture are prac-

tically identical. These authors also report the melting 
0 

po int of pure benzoylphenylalanine as 184- 185 • Steiger (96) 

0 g ives m. p. 187.0 . 

The Condensation of Benzaldeh;yde with Hippuric Acid in 

Acetic Anhydride: Effect of Basic Catalysts. 

(1) Reaction under standard conditions (page 91): 5 g 

(1 mole) of hippuric acid, heated with 3 ml (1 mole) of 

freshly distilled benzaldehyde, 2.3 g (1 mole) of freshly 

fused sodium acetate and 9 ml ( 3 moles) of redistilled ac etic 

anhydride for 2 hours on the steam cone, gave 4.7 g (68%) of 

2-phenyl-4-benza l-5-oxazolone, m. p. 162.5-164° . Lit. (92): 

Yield, 62-64%; m. p. 165-166° . 

(2) Omission of sodium acetate: Identical with reaction 

(1) , but with no sodium acetate. Yield, 3.2 g (46%); m. p. 

164-166°. When 2.2 ml (1 mo l e ) of pyridine was added the yield 

was unchanged (46%); m. p. of product was 164.5- 166°. 

(3) Reaction at reflux temperature: When 5 g (1 mole) 

of hippuric acid was refluxed with 3 ml (1 mole) of benzalde­

hyde and 18 ml (6 moles) of acetic anhydride for 2 hours, the 
0 

yield of a zlactone, m. p. 164- 165.5 , was only 2.2 g (32%). 

There was some tar formation. 

(4) Potassium Carbonate Catalyzed Rea ction (69): 10 g 

(1 mole) of hippuric acid, 6 ml (1 mole) of ben~aldehyde, 7.7 g 
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(1 mole) of anhydrous K2co
3 

and 18 ml (3 moles) of acetic anhy­

dride were stirred together at room temperature. The tempera-

ture of the reaction mixture rose gradually, co 2 was evolved 

and the warm mixture set to a yellow crystalline mass. After 

standing overnight the mixture wa s triturated with water and 

the yellow solid collected and dried. Yield, 11.9 g (86%); 

m. p . 158-161° . The low melting point may be due either to 

the presence of unreacted starting materials or to small 

amounts of the lower melting azlactone isomer. At any rate , 

the finding of Galat (69) tha t potassium carbonate is an 

excellent catalyst for this condensa tion has been c onfirmed . 

2. The Formation of Geometrical Isomers of Unsaturated 

Azlactones. 

Attempted Isomerization Reactions 

(1) 5 g of 2-phenyl - 4 - benzal- 5- oxazolone, m. p. 164- 166°, 

was treated with a mixture of 3 ml of sulfuric acid and 9 ml 

of acetic anhydride for 24 hours a t room tempera ture. The 

mixture was worked up in the usual manner , g iving 4.9 g (98% 

recovery) of azlactone melting at 160- 163°. 

( 2) 
0 

0 . 3 g of an azlactone mixture, m. p . 123- 129 , was 

heat ed on the steam cone for one ha l f hour with 5 ml of acetic 

anhydride and one gram of sodium acetate. The mixture was 

worked up in the usual manner , g iving 0.3 g (100% recovery) 

of azla ctone melting at 125-155°. 

( 3) 5 g of an azlactone mixture, - 0 m. p. 123- 129 , was 

refluxed for 2 hours with 40 ml of acetic anhydride. The 

solution was allowed to cool to room temperature , when yellow 

ne edles separ a ted . These were collected and dried. Wt . 3 . 15 g; 
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(4) 0.3 g of a mixture of the geometrical isomers of 
0 ol -benzamidocinnamic acid, m. p. 180-195 , was dissolved in 

5 ml of pyridine at room temperature. The solution was allowed 

to stand for 10 minutes and then poured into an excess of iced 

HCl. The acid which separated was collected and dried; m. p. 

180-184°. It is interesting that the acid fails to isomerize 

upon tre a t ment with pyridine, whereas the azlactone mixture 

is converted to the stab l e , higher melting i somer. 

Polarimetric Studies of the Racemization of Benzoyl-D­

.L:J.=.alanine. 

(1) A sample of benz oyl-D-(-)-alanine was recrystallized 

frorr:,~ ater to g ive large, glistening plates, m. p. 147-148° and 

[Ol]l>= -36.0° (0.9576 g dissolved in 5 ml of 1 N NaOH solution; 

1 dm tube; rotation 6.90° to the left). Pacsu and Mullen (97) 
r 1Jo 

give for the pure compound m. p. 148° and L~ b= -36.9° (in 

equivalent KOH). 

(2) The pure compound was found to have 125 
[ol ~= -7 .1° in 

absolute ethanol (0.3365 g dissolved in 10 ml of ethanol solu­

tion; 1 dm tube; rotation 0.24° to the left). 

(3) 0.4382 g of pure benzoyl-D-(-)-alanine was dissolved 

in 10 ml of acetic anhydride (reagent, redistil l ed from P2o5 ) 

by warming gently. The solution was then placed in a 2 dm tube 

and its rota4ion observed as a function of time. Zero time was 

taken as the instant solution was complete. The zero reading 

of the instrument was 359.89. The following readings were ob­

tained a t 25°: 
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~' Time Reading f6L]o 
3.0 hours 0.33 5.0° 

4.0 " 0.18 3.3° 

9. 7 II 359.91 0.2° 

20.5 II 359.91 0.2° 

(4) 0.9426 g of pure benzoyl- D-(-) - alanine was covered 

with 2 ml of acetic anhydride. 1.25 ml of 100% sulfuric acid 

(stock acid) was then added and the solid dissolved with the 

evolution of heat. The solution was made up to 5 ml with 

acetic anhydride, placed in a 1 dm tube and its rotation 

observed as a function of time. Zero reading of the instrument 

was 359. 89. The following reading s were obtained at 25°: 

Time Reading [&lJ:' 
3.0 hours 1.73 9.7° 

4.0 II 1.58 8.9° 

9.6 II 1.08 6.3° 

20.3 II 0.57 3.6° 

22.8 11 o.48 3.1° 

27.3 II 0.26 2.0° 

(5) 0.1429 g of pure benzoyl-D-(-)-alanine was dissolved 

in 5 ml of 100,% sulfuric a cid (stock acid) at room temperature. 

The solution was placed in a 1 dm tube and its rotation ob-

served as a function of time. Zero reading of the instrument 

was 359. 89. The following readings were obtained a t 25°. 

Time Reading f «J:' 
3.0 hours 0.79 31.5° 

4.0 " 0.75 30.0° 
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(5) cont' d : 

Time Reading 
~s 

fotJb 
9.7 hours 0.70 28.3° 

20.5 ti o.66 26.9° 

II o.68 
0 

22.0 27.6 

27.5 II o.66 26.9° 

69.5 " 0.61 25.2° 

172.0 ti 0.46 19.9° 

3. A Base-Catalyzed Reaction of a Saturated Azlactone. 

The Reaction of 2-(p-nitrophenyl)-4-methyl-5-oxazolone 

with Forrnamide. 20 ml of freshly distilled formamide, b. p. 

115-116° (21 mm), was placed in a small 3-necked flask equipped 

with a mechanical stirrer. One gram of the azlactone (page 84) 

was added over a period of 45 minutes, while the mixture was 

rapidly stirred. It dissolved slowly with the formation of a 

deep purple color. After two hours this had faded to a weak 

purple tint. The mixture was allowed to stand overnight in the 

stoppered flask. It was then filtered to give 0.1 g of an 
0 

amorphous, cream-colored solid, m. p. 195-198 (decomp.). Crys-

tallization of this material from benzene gave a nearly color-

less solid, 0 m. p. 200.5-202.5 , which was insoluble in 1 N NaOH 

solution (no color formation). 

The yellow formamide filtrate was evaporated at 0.1 mm 

pressure by maintaining a bath t emperature of 70°. The orange 

oil which remained could not be induced to crystallize. It 

was only slightly soluble in hot benzene, but dissolved slowly 

in cold 0.1 N NaOH to give a yellow-orange solution (no red­

violet color reaction). 
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The Reaction of 2-(p-nitrophenyl)-4-methyl-5-oxazolone 

with Triethylamine in Chloroform. To 10 ml of a mixture of 

equal volumes of triethylamine and chloroform there was added 

0.2 g of the azlactone over a period of ten minutes. The 

brilliant scarlet-red color of the solution f aded to a weak 

pink in one half hour. In 2 hours the mixture was a yellow 

color and a cream- colored precipitate had formed. Filtration 
0 

gave a small amount of a white solid, m. p. 208-209 (decomp.), 

which was insoluble in 1 N NaOH solution (no color formation). 

Evaporation of the filtrate unde r reduced pressure gave 

an orange oil which would not solidify. The oil was partially 

soluble in 1 N NaOH to g ive an orange solution (no red-violet 

color reaction). 
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Part III 

MISCELLANEOUS OBSERVATIONS ON AMINO ACID 

DERIVATIVES 



-126 -

A. The Reactions of Benzenesulfonylglycine with Phosphorus 

Pentachloride and with Acetyl Chloride. 

While investigating methods for the preparation of 

benzenesulfonylglycinamide , we have obtained some interesting 

results which clarify certain conflicting reports in the 

literature. The only reference to benzenesulfonylglycinamide 

appears to be that of Ihrfelt (98), who gave the melting point 

142°. He evidently prepared this compound from the acid 

chloride, which was stated to be a solid but very unstable. 

Johnson and Mc Collum ( 99) reported that the product of the 

reaction of benzenesulfonylg lycine with phosphorus penta­

chloride in acetyl chloride was not the expected benzene­

sulfonylglycyl chloride, but rather benzenesulfonyl chloride 

(identified as the anilide). Bovarnick and Clarke (100), and 

Carter and Hinman (39) found that p-toluenesulfonyl-p-

methoxyphenylalanine reacted with phosphorus pentachloride in 

ethe r to g ive the normal acid chloride, which was found to be 

a reasonably st able compound (39). 

We have found that benzenesulfonylg lycine, when treated 

with an equimolar quantity of PC15 in anhydrous ether, gives 

a white solid which may be converted to benzene s ulfonylg ly­

cinamide (68% yield) by concentrated ammonium hydroxide. 

However, when the a cid is treated with PC1
5 

in acetyl chloride, 

the product is a dark oil which is converted to benzenesulfon­

amide (15% yield) by concentrated ammonium hydroxide. We have 

thus observed both the forma tion of the normal acid chloride 

and the cleavage of the benzenesulfonyl group in the case of 

benzenesulfonylglycine. However, contrary to the opinion of 
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Johnson and McCollum (99), our experiments indicate that it is 

acetyl chloride rather than PC1 5 which is responsible for the 

cleavage re a ction. In support of this view, it was found that 

refluxing benzenesulfonylglycine with acetyl chloride gives a 

dark oil which is converted to benzenesulfonamide (25% yield) 

by concentrated ammonium hydroxide. This last experiment tends 

to support the claims of Schroeter (101), who reported tha t 

when p-toluenesulfonylglycine is warmed with acetyl or chloro­

acetyl chloride, the p-toluenesulfonyl group is split off as 

p-toluenesulfonyl chloride. Without giving any experiment a l 

data, the author indicated his intenti on of studying this re­

markable cleavage reaction in further detail. However, no 

subsequent work of this nature could be found in the litera­

ture. 
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B. Attempts to Prepa re Mesitoylglycine. 

The interesting properties peculiar to the mesit oyl 

(2,4 , 6-trimethylbenzoyl) g r oup have p rompted us to undertake 

the preparation of an amino a cid d e rivative containing this 

g roup. We have chosen the simplest compound, mesitoylg lycine, 

as representative of the larg e numbe r of p ossibilities. How­

ever, to our surprise, the standard synthe tic procedures have 

f a iled. The Schotten-Baumann re a ction of mesitoyl chloride 

with g l y cine g ave only mesitoic a cid (75%) and mesitoic anhy ­

dride (17%). Although the hydrolysis of mesitoyl chloride is 

probably very rapid (102), Leonard and Nommensen (103) were 

able to prepare the mesitoyl derivatives of sev e ral a lipha tic 

amines in g ood y ield by the Schot t en- Baumann procedure. Our 

result s sug3est that the rate of rea ction of the a cid chloride 

with g l yc ine anion is considerably slower than with the ali­

phatic a :nines, a nd i ndeed must be less than the r a te of hydrol­

ysis. 

A second attempt t o p repar e mesitoylg lycine by the fusion 

of g lycine with mesitoic anhydride was a lso unsuccessful. Al­

though this method has been used for the preparation of hippuric 

acid (104), the only product obtained on working up our rea cti on 

was mesitoic a cid . 
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C. Concerning the So-called Anhydropeptides of Bergmann 

and Co-workers. 

Tietzman , Doherty and Bergmann (105) have described the 

preparation of some interesting compound s which they have 

shown by analysis to be anhydrides of dehydrogenated peptides. 

They assign to one such "anhydropeptide 11
, C2 QH 16o 3N2 , either 

the structure XXI or XXII. 

CHC6HS 
II 

c6H
5

-CH=r-1=N- C-COOH 

N 0 
~/ 

c 
I 

CH 3 

XXI 

0 
// 

CcH5-CH= C - C 0 I I CHC6H5 
N N-~-COOH 
~/ 

c 
I 

CH3 

XXII 
0 

The compound (Y-XI, XII), m. p. 210-212 , was obtained 

from acety ldehydrophenylalanyldehydrophenylalanine (Y-XIII), 

or the azlactone of the l a tter ( XXIV), by heating with a water -

pyridine mixture at steam bath temperature. 

0 CHC6HS 
ll II 

C6H5-CH==C-C-NH-C-COOH 

' NHCOCH 3 

XXIII 

CHC
0
cHr 

11 ::> 

C6Hs-CH .:= r-e-g:J = 0 

NHCOCH3 
XXIV 

The authors also report the isolation of a compound 

c20H16o3N2 , m. p. 254- 255°, as a by-product in the condensation 

of benzaldehyde with g lycine in acetic anhydride. It has been 

suggested tha t the "by-product" may be a geometrical isomer 

(cf. Part II, section B) of the previously described 11 anhydro-

peptide''. We have al so isol ated a g olden-brown compound, m. p. 

251-252°, from the condensation of benzaldehyde and g l ycine, 
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but we do not believe the available evidence is sufficient to 

justify speculation as to its structure. We do find that no 

"by- product" is forme d in the condensation of benzaldehyde with 

acetylg l yc ine, suggesting that t he free amino grou:;:i is i nvolved 

in an intermed i a te reaction lead i ng to this comp ound. However, 

several a ttempts to prepare the "by-product" in incre as e d yield 

by vary ing rea ctants a nd conditions were unsucc essful. 

Re turning to the previously d escribed 11 anhydropeptide 11
, 

we wish to make a few comments on the s tructures (XXI, XXII) 

proposed for this compound. Structure XXII is rega rded as un­

likely for the following reasons : 

(a) XXII, a 1-substituted 4-benzal-5-imidazolone, belong s 

to a clas s of compounds which have previously bee n prepared 

only by t h e application of strongl y dehydrative procedures, 

i.e., by heating an uns'=tturated peptide a t 180° in vacu_Q ( 106), 

or with phosphorus oxychloride on the s te am bath (107). Its 

for mation in a water-pyridine mixture is improbable. We have 

observed no effect of a wa t e r-py ridine mixture on acetyldehy­

drophenylalanine anilide; acetyldehydroph eny lalanylg lycine is 

likew ise unaffected (105). It is hard to understand why the 

water- py ridine treatment should cause the elimination of a 

water molecule from XXI II a nd no t from these comp ound s. 

( b) Ca talytic hydrog enation of the 11 anhydropeptide" 

results in the absorption of only 2 moles of hyd roge n (105), 

corresponding to saturation of the carbon-carbon-double bonds. 

In contra st, Granacher and Mahler (106) found that reduction 

of 2-pheny l-4-benzal - 5 - i midazolone-l-acetic acid ( XXV ) either 

by catalytic h ydrogenation or by sodium ama l gam a lways led to 
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the fully saturated 2-phenyl-4-benzyl-5-imidazolidone-l-acetic 

acid ( XXVI). 

0 
C6H5-CH= 1--l~ 

N N-CH -C OOH 
~ / 2 

c 
I 

C6H5 

xxv 

,.. o 
C6H5-CH2- 1H 1"' 

NH N-CH2 -COOH 

" c{' 
I 

C6H5 

XXVI 

Numerous other attempts to prepare a saturated, 1-substitu ted 

5-imidazolone have been unsuccessful (1 08 - 110 ). 

Structure XXI, presumabl y the only alternative for the 

11 anhydropeptide 11
, represents a class of compounds, the oxazo-

lines ( 108), whose preparation had not previously been reported. 
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D. An Attempt to Prepare a Saturated, 1-Substituted 

5-Imidazolone. 

Numerous attempts by Gr~nacher and co-workers (106, 

108 -110) to prepare a saturated, 1-substituted 5-imidazolone 

( XXVII) have been unsuccessful (cf. Part III, section C). 

The only claim for an unamb i guous preparation of a comp ound 

with this structure is tha t of Knust and Mumm (111), who re-

port the pre par a tion of l-methyl-2-phenacyl-5-imi dazo lone 

~o 
R2-CH-C 

l I 
N N-R 
~/ 

c 
I 
Rl 

XXVII 

(XXVII, R = CH3 , Ri = C6H5COCH2 , R2 = H) by the reaction of 

" o£-phenylisoxazole methyl sulf 9,te" ( 112) wi th an excess of 

sodium glycinate in aqueous solution. We are not convinced 

tha t their synthesis is une qu ivocal. 

An obvious appro a ch to the structure XXV II which appears 

not to have been inve stigat ed is the re ac tion of an i mino 

chloride with the sod i um salt of an (){.- amino a cid in aqueous 

solution. This was sugge s ted by the re·oorted prepar 9, ti on of 

2,3-diphenyl-4-quinazolone through the reaction of N- phenyl-

benzimidyl chloride with an aqueous solution of sodium anthran-

ilate (113 ). However, when we reacted a benzene solution of 

N- phenyl-p-nitrobenzimidyl chloride with an aqueous sol ution 

of sodium a laninate, there could be isolated only a trace of 

mat eri a l corresponding to XXV II. There was obtained instead 
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a quantity of an inert comp ound , m. p. 179-181°, which 

analyzed f or p -nitrobenz anilid e. Although the formati on of 

the ani lide by hydroly sis of the imino chloride is to be ex­

pected, t he melting point of our product is much lower tha n 

the accepted v alue for this compound , 217 .5-218.5° (116) . Un­

le ss we a ssume t h a t the prod u ct is a second p olymorphi c form 

o f p-nitrobenzanilide, we are forced to conclud e that the 

rea cti on t ake s an un known course . 
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1. The React ions of Benzenesulfonyl g l ycine with Phos-

phorus Pent achloride and with Acetyl Chlor i de. 

Rhos vhorus Pentachloride in Ether Soluti on. 2.15 g 

( 0.01 mole) of benzenesulfonylglycine and 2.1 g· ( 0.01 mo l e) 

of PCl~ were al lowed to react a t room t emperature in 100 ml __, 

of anhydr ous ether. Afte r several hours a cl ear solut i on 

was obt a ined. Evaporation of the ether under reduced pres-

sure l eft a white solid, wh i ch was treat ed with 15 ml of cold 

concent r a ted ammonium hydroxide. Aft er one hour the white 

pre cip itate was colle cted and dried . Wt. 1.45 g (68% ); m. p. 
0 

136-137.5 . The product was crystallized from 10 ml of water, 

0 5 iving 1.2 g of colorless pl a t e s, m. p. 140- 141 . 

A 1 
-le* na • C, 44.85; H, 4.71; 

N , 13. 08 

Found: C, 45.42; H, 5.04; N, 13.22 

I hrfelt ( 98 ) g ives the melting po int 142° for benzene-

sulfonyl glyc i nami de. 

Acety l Chloride. 2.15 g ( 0.01 mo le) of BSG was r efluxed 

for two h ours with 10 ml ( 0. 14 mole) of a cetyl ch loride. Re -

mova l of a cety l chlor ide by d i s tillat ion at a t mospheric pres -

sure l eft a dark oil which had a s trong od or of benzenesulf ony l 

chloride. Treat ment of th is oil with 15 ml of concentrated 

ammon i um hyd r oxide gave 0. 4 g (25%) of a tan solid, m. p. 

* Melting points, but not bo iling points, are corrected. 
** Anal ys is by Mr. G. Sw inehart. 
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1 52.5-153.5°. Crystallization from water wi th Norite gave 
0 

white, fl aky crys t a ls melting a t 153.5-154.5 . The mixed 

melting p oint with an authent ic s ample of benzenesulfonamide, 

0 0 
m. p. 154-155 , was 154- 155 . 

PhQ.§_Qhorus Pent :1chloride a nd Ac etyl Chloride. 2 .15 g 

(0. 01 mole) of BSG wa s tre a ted wi t h 2.1 g (0.01 mole) of 

PClr a nd 10 ml ( 0. 14 mole) of a c e t y l ch loride a t room temp-
:> 

erature. After 2 hours a quantity of solid remained. PC1
5 

was then add ed in small p ortions until a clear soluti on wa s 

obtained ( a b out 0.7 g required). The a cety l chloride was 

distilled off at a t mospheric pr e ssure , leaving a dar k oil 

whi ch had a s tr ong odor of benzenesulfony l chloride. The 

oil was treat ed with 15 ml of concentra ted amm onium hydroxide, 

3 iving 0. 2 5 g (15%) of a t a n solid, ~ . p. 149.5-151.5°. Crys-

t al li zation from water with Norite g ave a colorless solid, m. p. 

154-155°. 

2. Attempts to Prepa re Mesitoylgly cine. 

Mesitoyl Chloride. Prepared from mesitoic a cid a nd 

thionyl ch loride as describe d by Barnes (114). The chloride 

h ad b . p. 144-146° ( 60 mm ); lit. (114): 143-146 ° ( 60mm ). 

The S ch otten-Baumann React ion of Kesitoyl Chlorid e with 

Glycine. 5.0 g (0.0274 mole) of mes itoyl chloride, d is solved 

in 25 ml of pe troleum ether, wa s add ed gradually fr om a drop-

p ing funnel to a solution o f 3. 75 g ( 0 .05 mole) of g l y cine in 

20 ml of 10% NaOH solution . An add itiona l 20 ml of 10% NaOH 

was a lso added dur ing this time , whi le the reaction mixture 

1.1as vig orously shaken. After s t a nding overnight, the mixture 

wa s heated gent l y on a h ot p l a te in a stream of a ir t o remove 
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the petroleum ether. Alth ough the mixture wa s strong ly alka-

line, a wh ite precipit a te wa s oresent. F iltration gave 0.73 g 

( 17/;:;to) of ' · t s oli· d · m o 02 ,.... 9 r::; ,....o a wni e .._, --· '" . ,,. .'.)- ....1•J • Two crystallizations 

from p etroleum ethe r (85-100°) g ave 0.38 g of colorless solid, 

m. p. 103-104°. Fuson, Corse a nd Rabjoh n (115) g ive the melt­

ing p oint 106-107° for mesitoic anhy dride. 

Acidification of t h e filtr a te with concentra ted HCl brought 

d own a 1ivhite p r e cip itate. Th is wa s collected and dried. Wt. 

3.35 g (75/o ); m. p. 153-155°. Cryst a llization from 45 ml of 

petroleum ether (85-100°) 3 ave 2.75 g of colorless, feather­

li ke cry st a ls, m. p . 154-155°. The mixed melting p oint with a n 

authentic sample of mesitoic a cid , m. p. 151.5-153.5°, was 

152.5- 154°. 

Th e Fusion of Mesitoic Anhydrid e with Glycine. 0.95 g 

(1 mol e ) of mesitoic anhyd ride wa s me lted in a Pyre x test tub e 

a nd O. 5 g ( 2. 2 moles) of finely p owd.ered g lycine added in s mall 

p ortions. The mixture was he ated in a n oil bath a t 150-160° 

for one hour. The temperature wa s t hen g r adually r a ised until 

c arboniza t i on be g a n (210°). The mass wa s cool ed, brok en up 

a nd b oiled with water. It wa s n e c e ss ary to ma k e the mixture 

a l kaline in order to dis s olve al l the solid. The mixture was 

treat ed with Norite, filtered and cooled. Acid ification with 

concentra t ed HCl brought down a wh ite preci p it a t e , wh ich was 

collec ted a nd dried. ~t. 0 .70 g . Crystallization, from 7 ml 

of petroleum ether ( 85-100°), gave 0.40 g of colorless, fe a ther­

like c rys t a l s , m. p . 152.5-154.5° ( mesitoic a cid). 

3. Concern ing the So-ca lled Anhydrop e p tide s of Be r g mann 

and Co-workers. 
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Isolation of the Azlactone By-product. Benzaldehyde wa s 

condensed with g lycine in a mixture of a cetic anhyd ride a nd 

sodium a ce t a te, a s describe d by Tietzman, Doherty and Bergmann 

( 105). A quantity of the " by- product" was obt a ined as g olden­

o 
brown, v e ry f i ne need l es me lting a t 251-252 (decamp.). The 

a b ove a uthors g ive m. p . 254-255° (decamp .). 

* Anal. F ound: C, 74.30; H, 5.32; N, 7.08 

These anal ytica l results do not agree wi t h t h o s e g iven 

by t h e pr e vious workers (105 ). Since our f i gures do not 

corres p ond well to a ny one e :c.p irical formula (the formula in-

dic a t ed is c
24

_
25

H
21

N
2
o

3
_

4
), we a re i n c l ined to b e lieve tha t 

the d iscre pancy a rises from a f a u lty a n a l y sis in the present 

case, or to the presence of impurities in our samp l e. 

The solub ility of the compound in sodium bic arbon~te 

solution ind ic a tes the o r e sence of a c a rboxyl g roup. 

Acetyld ehydrophentlal a nine a nilide. 10 g ( 1 mole) of 

2-methyl-4--benzal-5-oxa zolone, m. p. 154-155°, a nd 5 ml (1 mole) 

of a niline were wa rmed in 75 ml of a lcohol for one hour a t 7 5°. 

The cooled solution wa s diluted with 100 ml of cold water a nd 

the mixture cooled in a n ice-bath. The precip it a te wa s col­

lecte d a nd cryst a llized from a queous a l cohol. Wt. 7.6 g (51%). 

A second cryst a llization from 100 ml of 95% a lcohol gave 5. 3 g 

0 of colorless, g listenin~ p l a tes, m. p. 200-2 01 . 

* Ana l. Ca lcd. for c17H16N2o2 : N, 10.00 

Found : N , 9 . 99 

Inertness of Acetyldehygronhenv l alanine anili::le To ward 

.§:_J:{~!:_§_r-Pyridine :v.;1xture. 2 g of the a nilide wa s he a ted with 

* An a lysis by Mr. G. Swinehart . 
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4 ml of a 1:1 mixture of wa t e r qnd pyridine fo r 4 hours on 

the ste a~ cone. The mixture was t hen tritura t ed with 9 ml of 

2 N HCl, f ilte r ed and the white s olid dried . Wt. 1. 7 g (85% 

r ecove r y ). Crys tal l izat ion fr om 95% a lcoho l s a ve color less 

pl a t e s, 

4. 

0 
m. p . 202-203 . 

An Attempt to Pre pare a Saturated, 1-Sub s titut ed 

5-Imi daz olone . 

p - Ni troben zan ilide. Th i s c ompound was pre par ed by adding 

a s olution of 10 g ( 0 .054 mole ) of p -nitrobenzoy l chl oride in 

100 ml of e t her to a mixture of 5 ml ( 0 .055 mole ) of aniline 

and 54 ml of 1 N NaOH solution, wi th vi g orous s haking . After 

one h our t he mixture wa s f ilte red. The s olid wa s was hed wit h 

wat e r, ether and then dri ed . Wt. 9 . 8 g (75~ ); m. p . 21 6 .5-

217.50. Lit. (116 ): 217 .5-218 .5°. 

N- ohenyl- p-nitrobenz i midy l chloride. Prepare3 fr om 9 . 8 g 

( 1 :n ole) of p - n i trobenzanil i de :'3.nd 8 . 5 g ( 1 mole) of PC 15 , ac­

cord ing t o t he me t hod of Shah and Chauba l (117). The produ ct 

wa s cryst a llized fr om ne troleum ethe r to g ive yellow p l at e s. 

Wt. 9 .0 5 ( 86;i~ ). 

The Re s.ct ion of N-pheny l-p-nitrobenz imiQ..yl chloride with 

Sod i um Al aninate. 4.0 g (1 mole) of t he chloride d issolved in 

40 ml of ben zene and 5.45 g (4 mol e s) of DL- a l a nine in 62 ml 

(4 mo l es ) of 1 N Na OH s ol ution were p l a ced in a st oppered f l a s k 

a ni shaken mechan ica lly f or 18 hours. The mixture was t hen 

centrifuged to :; i ve a clea r red ben zene l ayer, pal e y ellow 

aqueous l aye r a nd a buf f -colored pre ci pita te. 

Evaporat ion of t he bs nzene so lution 3ave a s mall quantity 

of a r ed - br own oil. When t h i s was e xtra cted wi t h conce ntra t ed 
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HCl and the ext ract d ilut ed with severa l volumes of wat er, 

t here was obt a ined a s mall amount of an orange -yellow s olid. 

Th is was so luble in absolut e ethanolic KOH to g ive a purp le 

solution, which faded in a few minutes to a pale orange. 

The buff-c olored pr e ci p ita t e wei ghed 2.2 g . It wa s in-

soluble in 1 N NaOH and concentrated HC l. 1 g was cryst a llized 

from 20 ml of 95% a lcohol, g iving 0.5 5 of cre am-c olored 

0 
needles, m. p. 179-181 . 

* Anal. Ca lcd. f or c13H10N2o3 : C, 61+.46; H, 4.16; 

N , 11. 57 

F ound: C, 64.41; H, 4.74; N , 11.77 

The anal y sis is seen to conform to that c a lcul a ted for 

p-nitrobenzanilide, but the me lting point is much lower than 

tha t p reviously observed for this compound (216 .5-217.5°). 

* Analysis by Mr. G. Sw inehsrt. 
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Part IV 

THE NODAL SILVER STAIN: ITS MECHliliISM 

AND RELATION TO THE POTASSIUM LOSS OF 

ISOLATED NERVE 
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A. Introduction 

Several au t h ors, among them Arnett and Wilde (118), 

Fenn a nd Ge rsch.man ( 119 ), and v an Harreveld ( 120), have 

observed tha t isolated vertebrate nerves lose a significant 

a mount of p otassium during the first hours in oxygenated 

rt in3er's s olution. Such a n initi a l loss of p otas s ium, under 

c ond itions which exclude effects d ue to asphyxiation (120), 

mi gh t be cau sed by d if f usion from the cut ends o f the nerve. 

However, Fenn a nd Ger s c hman (119) found that tying off the 

cut ends incre2ses rather than decreases the pot ass ium loss. 

A more like ly possib ility has been sug ; e sted by van Harreve ld 

(120); n amely, that the initial p otass ium loss is due to the 

a ctivity of t he injury p otenti a l. The resulting injury 

currents may thus cause a mi g r ati on of sod ium ions from the 

surrounding medium into the cut ends of the nerve, a llowing 

the s i multa neous release of p otass ium ions t hroug ".1 t he un­

damaged mantle of the nerve fibers. The results of Fenn and 

Gerschman (119) indic a te that an injury is produ ced by the 

applica tion of ligature s a s well a s by cutting t he nerve . 

The process pro p os ed to a c count for the initia l p otassium 

los s i s seen to be a r a t l east a formal r esembl a nce to the 

well-known Ranvier node st '.:l ining method with silver nitra te 

solution. I n b oth cases t he re is the entrance of c a tj_ons from 

the surroundins med ium into t he nerve f iber a xon, presumabl y 

with the release of p otassium ions throug h the mant le. With 

the nodal stain, however, one c a n easily de termine t he p resence 

of t he inv ad in3 cations in t he axon. It therefore seenIB d of 

interest to study the nod a l si lve r st a in in some de ta i l, with 
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t he view of elucidating its me chanism. 



-143-

B. Experiment a l 

The Nodal Si lver Stain. The Ranv i er node stain with 

silver nitrate solution has been described oy many workers. 

Bohm and von Davidoff (121) have applied it to rabjit nerve. 

We h ave us ed their cond itions with sli:;ht mod i fics.t ion for 

pieces of rabjit perone a l nerve . The l a t ter , soon a fter re-

moval from the animal, were tre a t ed with 0.3% si lver nitrate 

solution for one hour at 33°, rinsed wj_t h d istilled water and 

a llowed to stand in wa ter overn i ght. The nerves were then 

longitudinally cut v1ith t he freezing microtome into 25 }J­
thick sections, which were wa shed with 70% alcohol and mounted 

on slides in g lycerine . After t he slides had been exposed to 

sunlight for about one half hour, a typica l stain could be 

observed (cf. Figure s 4A and 6). It is seen that a l arge 

number of nodes a re d efined by 3. blac k , cruciform st a in. :Many 

of these 11 crosses If show v a rying am ounts of rrtailing !f, or 

additional stainin3 of the axon whi ch exte nd s from either s i de 

of t he node ( Fi5ure 6). 

Pieces of nerve which had been k illed by i m~ ersion for 

severa l hours in 5% formaldehyde in Ringer 1 s solution a nd 

then thorouz hly washed with d i s tilled w ~ter gave a stain qu ite 

dif f erent fr om t~e typical stain described ab ove. In this 

case the stain , apparent l y requiring no exposure to sunlig ht 

for its deve lopment, consi s ted exclusively of vertical lines 

corres p onding to the Ranvier nod es. No st a ining of the axon 

cylinder extending from the n od es ( 11 tailing 11
) could be detect-

ed. The nerve a s a whole wa s much darker ( a yellow-brown) tha n 

with the normal stain. Thi s result indic a tes that formaldehyde 
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preferentially at t a cks the nerve fibe rs at the exposed nod es 

of Ranvier, with t he prob8.ble form9.tion of a protein-formalde­

hyde comp l ex. The l atter i s ev i dentl y c apable of reducing 

s ilv e r ion wi thout the c a t a l y tic a ction of sunlight. 

When fresh nerves a re trea ted with 1.0% or 2.6/o (iso­

tonic) silver nitrate solut ions, con s iderable and dark staining 

of the "cross" t ype occurs, but much less "tailing" is evid ent. 

From these pre limin9_r y observations it was concluded that 

the n ormal Ranvier n ode stain with silv er nitr a te solution is 

a v ita l ste. in. 'rhe "ta ili ng " phenomenon appears to be that 

fe a tur e of the stain whic h i s the most critica lly dependent 

!.-lpon the physiolog ica l state of the nerve. One rnay spec u l a te 

that the me c hanism of this vit a l stain in some way involves 

the rest p otenti a l o f fr esh nerve. In order to test this 

hypothesis , we h~ve investigated t he staini ng of nerves under 

c on :Htions wl:.ich 2.re kn own to lead to a de crease in the res t 

p otent i a l. 0 .3% si lver nitrate solutions were used throughout 

the fo llowing experiments and , unless otherwise indicated, 

staining was conducted at 38°. 

1. Effect of Asphyxiation. An apparatus was devised 

wh ich al lowed one to asphyx i ate pieces of fresh nerve in 

Ringer' s solution by bubbling through oxygen-free nitrogen, 

rinse out the r eaction vessel with d eoxygenated water a nd 

re pl a ce the l a tter with deoxygenated s i lver nitra te so l ution. 

Nerves tre <? .. ted in this way gave little or no stain (c f. F i gure 

4B). However, if t he nerves were allowed to recover f rom the 

a s phyxi a ti on by bubblin3 5% carbon dioxide in oxygen throug h 

t~e re a ction vessel, they were stained u p on subsequent treat -
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ment with oxy3 e nateJ silver nitra te solution (cf. Figure SA). 

In evaluat ing the results of such experiments one must 

be careful to distinguish betwe en the diffuse, non-specific 

s t ain i n s of t h e n e rve fi be rs a s a whole and the dark, char a c-

teri sti c nodal stain p reviously described. This experiment 

was done three times wi t h two pa i rs of nerve s , g iving a tota l 

of six a s phyxia ted and six recovered nerves. The time of 

as phyxiation v a ried from l i to 2 hours, the recovery times 

being one hal f hour. With t h e shorter a s phyxiation time 

st a ining was not as ful l y prev ented and r e covery was more 

c onrolete. All operations were c ondu cted in a water bath with 

0 
thermost a t control set a t 38 . 

2. Effect of Narcotic Agents. Pie ces of nerve which 

were trea t ed with Ein5er's solution c ontaining 5% and 1 0% 

(by we i ght ) of a lcohol for one half hour and t hen treat ed with 

silver nitrate soluti ons cont a i n i ng the corres p onding am ounts 

of alcohol gave stai ns which did not d i ff er appreciab l y from 

the normal . However, tre a t ment of nerves with solution s con-

taining 15.% a lcohol ;ave stains which d iffered from t h e normal 

in t h e 3- l mos t compl e t e abs en ce of 11 t a iling 11
• 

Fres~ nerves which were treated with Rins er's solution 

1/16 , 1/8 or 1/4 s a tura ted with ether at room temperature for 

fifte en minut es a nd then treated with si lver nitrate solutions 

re spectively l/16, 1/8 and 1/4 s a tur a ted with ether gave stains 

which did not differ appreci a bly from the normal. However, 

tre a t ment of nerves wi th s olut i ons h a lf-satura ted with ether 

gave only weak st a ins with res pect to the numoer of nodes '.:lnd 

the amount of "tall in:::; ". When so l u t i ons saturated with ether 
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we r e used, no stain of a ny k ind could be detected. Water 

satura ted with ether a t 20° contains ab out 7% (by weight) of 

ether (64). 

3. Ef fe ct of Cold. When pieces of fresh nerve were 

chil l ed to approximately o0 in Ringer's solution a nd t h en 

tre ated with silver nitrate s olution a t this t empe r a ture, no 

staining could be de tected . However, chilled n e rves which 

0 
were war med to 38 a nd t hen treated with silver nitra te solu-

tion at 38° gave norma l sta ins. 

The End Sta in. Accordin3 to our orig inal speculations, 

the cu t end of a nerve, being the site of an injury potential, 

should be the site of entrance of cations from the external 

med ium into the nerve fiber axons. This was found to be the 

c as e, for when fresh p ieces of nerve are tre a ted with silver 

nitrate solution, preferenti a l staining of the end reg ions 

i s observed (cf. Figure SB). Even t h oug h a s h arp razor bla de 

was u sed to cut the n e rves, it is to be expected tha t the pres-

sure applied in the cutting will c a use dama g e to the delic a te 

nerve fibers a t some d istance from the cut. Hence, together 

with an 1ntensive staining of axons extending inwardly from 

the cut end, t here is a general increase of stainins in t h e 

region near the cut. The staining of axons at the cut end is 

partially obscured by the interaction of silver ion with 

crushed t1ssue. However, a careful microscopic examination 

under high p ower reveals that even a t the darkly stained end 

ill ost of the silver i s cont a ined within discrete boundaries 

correspond1n3 to the axon cylinders. 
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Figure 4. A. (Upper) Norma l or control stain of rabbit 

peroneal nerve. B. (Lower) Nerve asphyxiated for 2 hours. 
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Figure 5. A. ( Upper) Nerve recovered from 2 hours' 

asphyxiation. B. (Lower) Staining of the cut end. 
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Figure 6. Enl ar ged view of a t yp ical nod a l stain, 

showing "taili.ng". 
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C. Discuss ion of Result s 

A decrease of the res t p otent i a l upon '...'l Sphyx i a tion of 

vertebrate my e linated nerve has been demonstrated by a number 
,, 

of authors, am on'.; them Koch ( 122), 3-erard ( 123 ), Lorente de No 

( 124) and Wr i ght ( 125 ). The l 9st a uthor h as shown that t he 

depo l a rization of rabbit n e rve d uring a 2 hours' as phyxiation 

is completely reversible. Our re sults thu s indicate that the 

a b i l i t y of a n erve to g ive t h e n orma l silver s t ain is de penden t 

upon t he degree o f membrane p olarization. 

The d e p olar izati on of r abbit nerve by a lcoho l and ether 

has been s h own by w·r i ght ( 125 ). The d epo l :lrizing effect of 
.,, 

ether on fros n e rve i sde s cri bed by Lorente de No (124 ), whi le 

3-alleg o (12 6 ) observed a simi l a r e f fe ct of a lcohol. From our 

results i t appears t hat ether is t he more e ffective. 

Ev i dence tha t lower i ns of the temperature to approx i mat e l y 

o0 
c auses a s mall de crease of t h e r es t p otential of fro g nerve 

has been ob t ainaJ by Lore nte de N~ (124). Our r esults s uggest 

t hat the tempera ture effect is more 11ro f ound in the c a se of 

r abbit n e rve. 

'r he above considera tion s lead one to be l ieve t hat the 

staining proce s s cannot p oss ib l y be explained in terms of 

c ap ill 9.r y a ction a lon e (121), but must be i nterpreted i n terms 

of t he re st p otential of f resh nerve. The fo llowing me ch~nism 

is proposed : Initially , s i lve r ions a tt a c k t he nerv e f i ber a t 

the exposed nodes of Ra nvier , d amag ing the me mbrane a t this 

spot. As a r e sult, an j_njury current i s s et up i n the manner 

shown i n F i g ure 7. More silver ions then enter the axon 

through t he d am9,ged me mbr ane and tra vel down the axon under 



-151-

the influence of the developing i njury currents. Potassium 

ions simu ltane ous l y le ave the axon t hrough undamaged porti ons 

of t he membrane. This "tai ling 11 process continues a s long a s 

the rest potential is maint a ined in the internodal segments of 

the nerve fiber. However, a fter ab out one hour i n the toxic 

silver solution the ne rve has suffered fatal damage, probably 

due to the general penetr a ti on of silver i ons t hrough the 

rela tively i mper meable (127) mye l j_n sheath. When the entire 

me mbrane breaks d own, i.e., when the e l ectrica l d ouble l ayer 

disappears, the st ~ining proces s is terminated. With stronger 

silver nitra te solutions less t ai ling is observed; this i s 

probably due to their g r eate r toxicity. 

In jury currents are p r e sent at the cut ends of a nerve. 

The preferential staining of the cut ends in silver nitrate 

solution shows t hat these currents flow in such a d irection 

as to c ause t he migration of cations from the surrounding 

medium into t he cut end s. There must a lso be the simultaneous 

release of p otass ium ions through undamaged portions of the 

mantle. It i s probable that s u ch a process i s responsible for 

the initial p ot assium l os s of isolated nerve in oxygenated 

Ringer's solution. 
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....) 

Figure 7 . Diagram showing the role of injury currents 

in the nod a l silver stain; S == .S chwann' s sheath, M = myelin 

shea th, A= a xon and R = node of Ranvier. 
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PROPOSITIONS 

1. Although the 11 halochromic salt" formation of conju­

gately unsaturated ketones with sulfuric acid ha s been stud­

ied in some detail (1), t he phenomenon is complic ated in 

t h is inst ance by further re a ction (1, 2). It is proposed 

that conjugately unsaturated carboxylic acids will exhibit 

t he phenomenon of halochromisrn without such complication 

and that t h erefore a study of the ionization of these acids 

in sulfuric acid (by means of cryoscopic and absorption 

spectra measurements) will yield information of value in 

determining the prec i se effect of structural features on 

h a lochromic properties. 

(1) A. Hantzsch, Ber . , 55B, 953 (1922) 

(2) L. P. Hammett, "Physical Organic Chemistry," 

McGraw-Hill Book Co., Inc., New York, N. Y., 1940, p. 62. 

2. A vari e ty of physical evidence indicates the open­

cha in, rectilinear structure for the azides and hydrazoic 

acid (1). Yet, the claim of Hantzsch (2) that hydrazoic 

acid behaves as a tri-acid base in sulfuric acid is not in 

accord with t h is formulation. It is proposed that a re­

investigation of the cryoscopic behavior ·of hydrazoic acid 

in sulfuric acid will show t hat this compound ionizes as 

a mono-acid base, or even partially as a di-acid ba se, but 

not as a tri-acid base. 

(1) D. M. Yost a nd H. Russell, Jr., "Systematic In-
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organic Chemistry, 11 Prentice-Hall, Inc., New York, N. Y., 

1944, p. 123. 

(2) A. Hantzsch , Ber., 63B, 1782 (1930) 

3. The mechanism of the Schmidt reaction (1) has been 

grea tly clarified by recent workers (2, 3). However, the 

reported non-reactivity of fl- a lanine (1), ta.lrnn with the 

findin g that this amino acid is considerably protonated in 

sulfuric acid solution (cf . Part I, section B of Thesis), is 

not compatible with the currently acc epted mechanism. It is 

proposed that careful gasometric measurements will show that 

{'-a l anine does react to a certain extent with hydra zoic acid 

in sulfuric acid . 

(1) H. Wolff, "Organic Rea ctions," Vol. III, John Wiley 

and Sons, Inc., New York , N. Y., 1946, p . 307. 

(2) M. S. Newman and H. L. Gildenhorn, J. Arn . Chem. Soc., 

70, 317 (1948) 

(3) Peter A. S. Smith, ibid., 1.Q, 320 (1948 ) 

4. The first step of the Be ckmann rear rangement of oximes 

in sulfuric a cid h as been formul ated a s the formation of an 

oxime salt (1). It is proposed tha t t his hypothesis will be 

subst antiated by cryoscopic measurements on solutions of 

benzophenone oxime in sulfuric acid. It is further proposed 

that low-temper ature rearrangement can be induced by strong 

ultraviolet irradi ation of such solutions (2). 

(1) D. E. Pe ars on and F. Ball, J. Org . Chem., 14, 118 

(1949) 
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(2) F. Lehmann, Z. angew. Chem., 2.§, 360 (1923) 

5. The phenomenon of complex ionization in sulfuric acid 

has been demonstrated for only a limited number of carboxylic 

acids, viz., 2,6-dimethyl- and 2,4, 6 -trimethylbenzoic acids 

(1), o-benzoylbenzoic acid (2) and ()l-acylamino acids (cf. 

Part I, section C of Thesis). It is proposed that the follow-

ing acids will a lso show this phenomenon: 9-anthroic acid, 

phthalaldehydic acid, o-acetylbenzoic acid, ta -benzoylpro­

pionic a cid, benzoyl- ~-alanine and benzoylanthranilic acid. 

On the other hand, it is proposed that 2,4,6-trimethylcinnamic 

acid will not g ive rise to an acyl carbonium ion in sulfuric 

acid . 

(1) H. P. Treffers and L. F. Hammett, J. Am . Chem. Sbc., 

22 ' 1708 ( 19 3 7 ) 

(2) M. S. Newman, H. G. Kuivila and A. B. Garrett, ibid., 

§1, 704 (1945) 

6. A peculiar max i mum r ate has been observed in the sulfuric 

a cid c at a lyzed hydrolysis of carboxylic amides ( 1). It is 

pr oposed that t h is may be expl ained by dividing the system 

water-sulfuric acid into three zones, which are defined by the 

nature of the solvat ed or3anic species which initially pre­

dominates in each. They are: Zone 1, RCONH2 (H2o)x; Zone 2, 

+ + RC(OH)NH2 (H20)y; Zone 3, RC (OH)NH2 (H2so4 )z. The maximum rate 

of hydrolysis occurs in Zone 2. 

(1) V. K. Krieble and K. A. Holst, J. Am. Chem. Soc., 

60, 2976 (1938 ) 
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7. A comprehensive knowledge of the reactivity of azlact ones 

toward various reagents requires that kinetic data be obtained 

on the numerous ring-scissions which these comp ounds may under-

go (1). It is proposed that az lactones derived from the opti­

cally active (j. -amino-dialkylacetic acids are favorable mater ial 

for such studies. 

(1) H. E. Carter, "Organic Reactions," Vol. III, John 

Wi ley and Sons, Inc., New York, N. Y., 1946, p. 198. 

8. The relationship of~ -phenylserine (I) to chloramphenicol 

has increased interest in the stereochemistry of this (j.. -amino­

f> -hydroxy acid ( 1-3). Yet, the literature reports concerning 

the stereochemistry of the ~ -elimination reactions of deriva­

tives of I are rather confusing (1, 4, 5). The discrepancies 

are probably due in part to the effects of mutarotation (cf. 

Part II, section B of Thesis). It is proposed that the {J -elim­

ination re a ctions of derivatives of the dias tereoisomers of I 

be reinvestigated under conditions des i gned to minimize this 

disturbing factor. It is further proposed that studies of this 

kind •.-vill lead to methods for the prepar ation of pure cis and 

trans isomers of 2-phenyl-4-benzal-5-oxazolone (5). 

(1) G. Carrara and G. Weitnauer, Gazz. chim. ital., 1.2, 

856 (1949); Chem. Abstr., 44, 7268 (1950) 

(2) K. W. F. Shaw and S. W. Fox, Abstracts of papers, . 
American Chemical Society, Sept. 3, 1950, p. 28N. 

(3) C. F. Huebner and C.R. Scholz, J. Am. Chem. Soc., 

73' 2089 ( 1951) 

(4) M. O. Forster and IL A. N. Rao, J. Chem. Soc., 1926, 
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8. (cont'd.) 

(5) H. E. Carter and W. C. Risser, J. Biol. Chem., .122, 

255 (1941) 

9. There is no general method for the synthesis of 2, 5-

diketopiperazines which does not involve the use of amino acid 

or dipeptide derivatives as intermediates (1). It is proposed 

that the Beck~ann rearrangement of the oximes of aldoketene 

dimers, now av a ilable from sym-dialkylacetonedicarboxylic 

esters (2), will provide a novel synthetic approach to this 

heterocyclic system. 

(1) C. L.A. Schmidt, "The Chemistry of the Amino Acids 

and Proteins," Charles C. Thomas, Publisher, Springfield, 

Illinois, 1938, p. 272. 

(2) R. B. Woodward and G. Small, Jr., J. Am. Chem. Soc., 

.Lg, 1297 ( 1950) 

10. A direct synthesis of cantharidin (the blistering agent 

and aphrodisiac which is the active principle of the Spanish 

fly) is thwarted by the instability of the Die ls-Alder adduct 

of furan and pyrocinchonic anhydride (1). Attempts to com­

promise on this situation by converting the stable adduct of 

cyclohexadiene and pyrocinchonic anhydride to cantharidin have 

been successful, but leave much to be desired (1). As an 

alternate approach to this synthetic problem, it is proposed 

that furan will react with sym-di-(bromomethyl)-maleic anhy­

dride to give a stable Diels-Alder adduct and that this adduct 

may be converted to physiolog ically active derivatives of 
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10. (cont'd.) 

cantharidin, perhaps to cantharidin itself. 

(1) K. Alder, "Newer :Methods of Preparative Organic 

Chemistry, 11 Interscience, New York, N. Y., 1948, pp. 469, 470 

and 498. 

11. It is proposed that interesting data on the relative 

narcotic powers of structurally related compounds can be ob-

tained by using the nodal silver stain (cf. Part IV of Thesis) 

in conjunction with a group of water-soluble oxygenated organic 

compounds. 

12. It has been shown that a lowering of the temperature to 

0 approximately 0 causes but a small decrease in the rest poten-

tial of frog nerve (1). It is proposed that a similar experi-

ment with rabbit nerve wi ll show a much greater depolarization 

of the membrane. 

( 1) 
, 

R. Lor•ente de No, "A Study of Nerve Physiology, 11 

The Rockefeller Institute for Medical Research, New York, N. Y., 

1947, Part 1, p. 408. 


