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ABSTRACT

Part of the work of Karrer, Keller and Szonyi (22)
has been repeated to determine whether improved yields of
p-phenylazobenzoyl glycine and p-phenylazobenzoyl-DIL-alanine
could be obtained, An attempt was also made to adapt their
procedure to the preparation of p-phenylazobenzoyl-DL-
phenylalanine previously unreported, A further extension of
their method was used to prepare the p-phenylazobenzoyl
derivatives of four dipeptides: glycylglyecine, glycyl-DL=
alanine, DL-alanylglycine and DL-alanyl-DI~alanine; these
compounds were not previously reported in the literature,

Unsuccéssful attempts were made to prepare
P-phenylazobenzoyl glycine using tertiary bases as the

reaction medium,
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CHAPTER I
INTRODUCTION

Investigators, in order to separate and identify amino
acids and polypeptide compounds obtained from protein
hydrolysates, have used numerous procedures in order to
accomplish this task.

Many types of derivatives have been used to aid in the
identification and:separation of amino acids and peptides,
Aromatic acid halides have been used quite extensively to form
these derivatives, due to (a) relative ease of formation, (b)
stability of the derivatives,

Many of the reactions have been carried out using the
Schotten-Baumann Reaction (11), or modifications thereof.

The reaction is carried out in agueous medium, in presence of
alkali or alkali carbonate, The alkali reagent prevents form-
ation of free hydrochloric acid, (i.e. it acts as "acid
binder") and is believed also to function as a catalyst. A
variation entails the use of pyridine or quinoline as the
basic reagent, The variation has the added advantage of pro-
viding an anhydréus medium. This method has not yet proved
effective for preparation of amino acid and peptide deriv-
atives.

Emil Fischer (1,2) utilized the Schotten-Baumann (11)
reaction in order to prepare acyl derivatives of amino acids

and peptides. The derivatives, however, were primarily used
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for the syntheses of larger polypeptides. Many of his con-
densations involved the use ofa(—halogen acid halides with
amino acids and peptides. These -halogen acyl peptides
were then converted to their respective amino compounds, when
the desired peptide had been synthesized. He also prepared
aromatic sulfonyl derivatives of amino acids to protect the
amino group for preparation of polypeptides.,

R. Schonheimer (3) also'made use of this type of
reaction for synthesizing polypeptides. He found that by
using p-toluene sulfonyl chloride as the acylating agent,
this group could be removed by hydrolysis when the desired
polypeptide had been prepared.

Acylamino acids and acylpeptides have also been pre-
pared for other studies, some of which include:

The study of specific linkages involved in the action
of certain enzyme systems, and in the hydrolysis by mild
alkali (4,5,6,7).

Investigation of the antigenic effect of certain
polypeptides (8).

The separation of optically active amino acids:

K. Landsteiner and J. Vanderscheer (9,10).

Karrer and his associates (22) used p-phenyl-
azobenzoyl chloride as the acylating agent for the preparation
of p-phenylazobenzoyl amino acids because it was readily

prepared and produced highly colored derivatives. The work
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reported in this thesis was undertaken to extend this pro-
cedure to the preparation of p-phenylazobenzoyl derivatives,
glycine, DL-alanine, DL-phenylalanine, and of some
dipeptides,

The possibility of using an anhydrous base as the
condensihg agent for the acylation of glycine was also in-

vestigated,




CHAPTER II
LITERATURE REVIEW

Schotten and Baumann (11) proposed a method where-
by primary alcohols, primary and secondary amines and amino
acids could be converted into their respective acyl deriva-
tives. The method consists of reacting an acid chloride
with the alcohol or amino compound in the presence of
aqueous alkali; in some instances aqueous sodium carbonate,
or aqueous magnesium oxide, have been used instead of
caustic alkali solution, The Schotten-Baumann Reaction has
been used widely in the field of protein chemistry and re-
lated studies for the identification and isolation of amino
acids and polypeptides,

Even though an aqueous medium is used, the acid
chloride generally reacts preferentially with the amino
compound. To avoid hydrolysis of the acid chloride to the
corresponding acid, which would lead to a decreased yield
of the acylated amino acid or polypeptide, the use of
pyridine or quinoline has been proposed as the basic re-
agent, The advantages of such reagents are:

(a) They provide an anhydrous medium,

(b) They function both as "acid binder" and as
cataiysts. While‘often effective, this method sometimes
suffers from the disadvantage that the crude product has a

persistent yellow impurity not encountered in the Schotten-
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Baumann procedure (31).

Fo A. Menalda (12) studied the acylation of amino
acids by the Schotten-Baumann procedure (11l), to ascertain
the optimum conditions for maximum yield of product. For
the cases studied, he concluded that the following criteria
must be met:

(1) The reaction temperature must be as low as
possible,

(2) Equal moles of acid halide and amino acid must
be used along with two moles of agqueous alkali 10%.

In order to identify amino acids and also build up
a large series of polypeptides, Emll Fischer (13,1L) made
much use of the Schotten-Baumann reaction. He used such
acyl halides as (a) P -naphthalene sulfonyl chloride, (b)
benzoyl chloride, and (c¢) p-nitrobenzoyl chloride. The use
of acyl halides to build up polypeptide compounds proved to
be of limited value in that only polypeptides of a certain
size could be synthesized. He also prepared p-nitrobenzoyl
derivatives in order to separate the optically active forms
of serine (32).

E, Abderhalden and Eugene Riesz (5) also used such
acylating reagents as p-aminobenzoyl chloride, benzene-
sulfonyl chloride, cresoldisulfonyl chloride and o- and
p-nitrobenzoyl chloride in order to obtain a me thod of

identifying the constituents of a mixture of amino acids and
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polypeptides.

In later years G.W., Muhlemann (15) prepared a series
of benzoyl amino acid esters., After mixing them, he sepaf-
ated them using a very tedious series of fractional crystal-
lizations.

E. Cherbuliez and P, Plathner (16) conducted in
parallel a series of condensations using aromatic and
aliphatic acyl halides., They found that aliphatie acyl
derivatives were much more easily separated by fractional
crystallization than were the corresponding aromatic acyl
derivatives,

Bernard W. Towne (17) attempted to separate mixtures
of amino acids by fractional crystallization of their copper
salts., This procedure proved to be very tedious and 4iffi-
cult to perform. Still another method of separating amino
acids from protein hydrolysates was accomplished by
Ste J. Przylecki and K. Kaspzyk (18), using as a basis the
varying amino acid solubilities in different concentrations
of fatty acid solutions to effect separation,

B.C. Saunders (19,20) and B.W. Towne (21), prepared
a geries of 3)S-dinitrobenzoyl amino acids, B.W. Towne (21)
was also able to separate the optically active iéomers of
the valines and leucines on the basis of the different
solubillities of their 3;5-dinitrobenzoyl derivatives in

various aqueous organic solvent solutions at different PH
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values,

In preparing the p-phenylazobenzoyl derivatives of
glycine, L-leucine, L-valine and L-alanine, by the Schotten-
Baumann method (11), Karrer and his agsociates (22) noticed
the development of a deep violet color in the aqueous alkali
Phase; the color evéntually disappeared. It is not clear
from their paper whether a similar violet color developed
during the preparation of p-phenylazobenzoyl L-alanine.,
b-Phenylazobenzoyl glycine was prepared with good yield, but
the L-alanine derivative was obtained only in very low
yield,‘ The L-leucine and L-valine derivatives were obtained
in small quantities, toge ther with some optically inactive
derivatives and some of the corresponding oxazolones.
Hydrolysis of the oxazolones of valine and leucine gave
P-phenylazobenzoyl DIL-valine and bP~phenylazobenzoyl DI~
leucine respectively., Oxazolones of glycine and L-alanine
could not be isolated. Karrer, Keller and Szonyi (22) postu~
lated that oxazolones formed from long chain amino acids
were much more stable than those from short phained amino
acids,

The violet color observed in the alkaline solution
during the preparation of the P-phenylazobenzoyl derivatives
of glycine, L-alanine, L-leucine and L-valine was attributed
to mesomerism of the anionic form of the oxazolones sodium

salt,
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The following structural formula represents the mesomeric

+
structure: _ ’ O——¢=0 Na.
C Sl N ohn| =
— — N
Nat

In a succeeding paper, Karrer, Keller and Szonyi
(23) reported the preparation of the oxazolones resulting
from the condensation of p-nitrobenzoyl chloride with L=
valine and L-leucine in pPresence of alkali, This confirmed
the views expressed in theirp brevious paper (22) on the
grounds that mesomeric forms of the pP=-nitrobenzoyl lactons
would be similar to those of the P-phenylazobenzoyl lactone,

In later years the problem of separating amino
acids and polypeptide fractions obtained from pProtein
hydrolysates has been met by newer techniques, such as
column and paper chromatography, A, Lollermoser and
K. Adelmann (25) separated a large number of these compounds,

but stated that this method was not entirely satisfactory,
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due to too many amino acids falling into one group.
The separation and identification of proteins and
amino acids has recently been greatly simplified by the use

of paper electrophoresis (26).
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CHAPTER III
EXPERIMENTAL PROCEDURE

(1) Preparation of Starting Materials

(a) pP-Phenylazobenzoyl chloride

At the outset of this work, p-phenylazobenzoyl
chloride from commercial sources was not yet on hand and its
bPreparation was undertaken, The preparation required
p-phenylazobenzoic acid and,pending its arrival, this acid
was also prepared, For preparation of p-phenylazobenzoic
acid, nitrobenzene was partially reduced to nitrosobenzene,
according to the method of Coleman, McCloskey and Stuart (33).
Nitrosobenzene was reacted with pP-aminobenzoic acid in the
presence of glacial acetic acid by the method of H,D. Anspan
(3lt) to give p-phenylazobenzoic acid. This acid was then
converted to pP-phenylazobenzoyl chloride by a modification
of Ladenburg, Fernhalz and Wallis (27).

(b) Dipeptides

Glycyl-glycine, glyecyl-DL-alanine, DL-alanyl-
glycine and DL-alanyl-DL-alanine from commercial sources
were not available in appreciable quantitiegjmaking labora-
tory synthesis necessary,

Using the method of Sheehan and Frank (28) glycine
and DL-alanine were converted to phthalyl glyecine and
phthalyl DL-alanine respectively. These were each converted

to the corresponding acid chloride., Condensation of the
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latter with the appropriate amino acid gave the phthalyl
dipeptide, which was then converted to the free dipeptide
by heating with phenylhydrazine and tri-n-butylamine, accord-
ing to the method of Schumann and Boissonnas (29).

A full account of the preparation of the above
starting materials is given later in this section.

(2) Attempted Reaction betwsen Glycine and p-Phenyl-
azobenzoyl chloride in Presence of Tertiary Bases,

Attempts to prepare p-phenylazobenzoyl glycine using
tertiary bases, such as pyridine, triethylamine, and tri-n-
butylamine, as condensing agents in place of aqueous alkali
were unsuccessful.

(3) Repetition of Karrer's Work on p-Phenylazobenzoyl
Glycine and p~phenylazobenzoyl-DL-alanine.

The objects in repeating this work were:

(a) To determine the effect of varying the con-
centration of aqueous alkali on the yield of p-phenyl-
azobenzoeyl glyecine,

(b) To determine whether isolation and purification
of p-phenylaZobenzoyl glycine could be simplified,

(c) Karrer and his associates found some unreacted
P-phenylazobenzoyl chloride along with some p-phenyl-
azobenzoic acid, It would appear that if these could be
eliminated, yields might improve and methods of purific-

ation'greatly simplified,
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(d) To determine whether the low yields of
p-phenylazobenzoyl--L-~alanine obtained by Karrer could be
improved,
(L) Attempted Preparation‘of p-Phenylazobenzoyl-DI-
phenylalanine, |

Essentially this was an attempt to use the establish-
ed methods for the preparation of a derivative not yet
reported in the 1iterature.
(5) Preparation of p-Phenylazobenzoyl Peptides

These compounds have not been previously reported in
the literature, and their preparation was carried out, once
sultable adaptations of Karrer's method were found.

Experimental details of the above preparations, under

their appropriate headings, are given in the following pages.,
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(1) Preparation of Starting Materials

(a) Preparation of p-Phenylazobenzoyl Chloride

Nitrosobenzene

Materials 2l gm., Nitrobenzene (redistilled)
12 gm, Ammonium chloride
18 gm. Zinc dust
13.l gm., Sodium dichromate dihydrate
60 ml, Sulfuric acid

Method

The nitrobenzene was added slowly and with vigorous
stirring, to a solution of ammonium chloride, dissolved in
800 ml. of wabter, in a lf litre flask., The zinc dust was
added, in small portions, ovef a period'of 5 minqtes, After
the zinc dust was added, the temperature rose and enough ice
was added to keep the temperature at 50-55°C, After a further
20 minutes, the zinc oxide was removed by suction filtration,
the filter cake washed with 1 litre of boiling water, and the
combined filtrate and washings transferred to a large crock.
This solution contained phenylhydroxylamine, which must be
oxidized to nitrosobenzene., The solution of phenyl-
hydroxylamine was cooled to O°-2°C; sufficient ice was added
8o that 1 kg. remained unmelted after the required temperature
was reached.

A cold solution of sulfuric acid (300 ml., and enough
ice to lower the temperature to 50°C) was added with stirring,

to the cold phenylhydroxylamine solution, followed by rapid
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addition of 800 ml, of sodium dichromate solution, The
reaction mixture was stirred rapidly. After 2 to 3 minutes
the straw colored nitrosobenzene, which had separated, was
collected on a buchner funnel and washed with 2 1itres of
water. The crude nitrosobenzene was steam distilled into an
ice cooled receiver. On solidification, the solid was
washed with water until the washings were no longer brown in
color. The light green solid was then dried between filter
papers.

Yield - 12.3 = 1,0 gm., (M.P. 66-670C)
61.5 -~ 70% of theory.
p-Phenylazobenzoic Acid
Materials p-aminobenzoic acid - 5.l gm.
glacial acetic acid =40,0 mil,
nitrosobenzene - L.2 gm,
The p-aminobenzoic acid was dissolved in 40 ml., warm
glacial acetic acid in a 500 ml, erlenmeyer flask, and the
solution cooled to room temperature., The nitrosobenzene
was added and the mixture stirred until solutioi?illowed to
stand for 12 hours at room temperature. The P-phenylazo-
benzoic acid separated as a solid and was removed by
suction filtration, washed with acetic acid and water. The
product was air dried.
Yield = 5,2 - 7.2 gm (M.P. 24,500)
68 - 80%
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p-Phenylazobenzoyl chloride
Materials 5 gm, p-phenylazobenzoic acid
25 ml, thionyl chloride (redistilled)
25 gm, sodium carbonate (anhydrous)
Me thod
The p-phenylazobenzoic acid and the sodium carbon-
ate were placed in a 600 ml, flask and thoroughly mixed.
The thionyl chloride was added and the mixture boiled under
reflux for 1% hours with the condenser fitted with a drying
tube to eliminate atmospheric moisture. The condenser was
arranged for distillation, and as much thionyl chloride as
possible was removed. The acid chloride was collected on
a buchner funnel and pressed as dry as possible. After
washing the acid chloride twice with petroleum ether,
(30-60°C,), it was stored in a vacuum desiccator over
phosphorus pentoxide and paraffin shavings.
Yield = 3.2 gm, or 61.,4% of theory
(M.P. 94.5°C.)
The reactions representing the above preparations are shown

below:

o H
@,‘M NHeCl </ >;M,, Mg 05 @Nzo
— Zn —_— H2 50y
{i:j>ww +}ﬁN<;;:>com4JHﬁgﬁ$ <i:j>>MN<z:j>amH
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(2) Preparation of Dipeptides

Phthalyl glycine

Materials glycine . 1.5 gm. (0,02 mole)

phthalic anhydride
2,96gm. (0.02 mole)
Me thod |
The mixture was heated at 150°C on a preheated

oil bath., After cooling to room temperature, the solid
was refluxed with methanol until solution was complete.
The methanol was filtered to remove any solid impurities,
concentrated undef reduced pressure, and the concentrate
allowed to sit overnight in the refrigerator to allow the
product to crystallize, The solid, which had ecrystallized,
was filtered by suction and recrystallized from a petroleum
ether-benzene mixture,

Yield of Product - 3,2 gm. or 79% of theory

(M.P. = 134°C)
Phthalyl DL-Alanine
Materials DL-alanine 1.78 gm. (0.02 mole)
phthalic anhydride
2,96 gm, (0.02 mole)

]
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Method
The same procedure was used as for the prepération
of phthalyl glycine,
Yield of Product 3.l gm. or 75% of theory
(M.P. 158°C)

The following equations represent the above reactions.

0
< R
>o +  HaN—-CH-COOH heat
0
R
\
N—CH—-COOH

(li R:HOT'CH3

Phthalyl glyecyl chloride
Materials phthalyl glycine 2,05 gm.
" phosphorus pentachloride 2.20 gm.
benzene 20, ml,

The mixture was heated at 60°C, in a flask fitted
with a reflux condenser until solution was complete. The
solution was then refluxed for a further two hours,
concenftrated under reduced pressure and the concentrate
set aside in the refrigerator to allow product to crystal-
lize. The solid was filtered off and the resulting fil-

trate evaporated to dryness. The resulting solid obtained
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from evaporation and the previous solid material were washed
with petroleum ether, Both solids melted at 81°C, A mix-
ture of the two solids also melted at 81°C,

Yield - 2.05 gm. or 87% of theory
Phthalyl DL~alanyl chloride
Materials phthalyl DL~-&l anine 3. gn,
phosphor ws pentachloride 3,3 gm,
benzene 20, ml.
Me thod
The same procedure was used as for the preparation
of phthalyl glycyl chloride,
Yield - 1.8 gm., or 76% of theory
(M.P, - 76°C)

The following equation represents the above reactions:

o
t

¢ R
\=éHcoon r Py —

7
i

(4]

o]

o
\ i
/N—~CH*COCI
é

i

o
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Phthalyl glyecylglycine
Materials glycine 0,75 gm. (0,01 mole)
magnesium oxide 0.60 gm. (0.,015mole)
phthalyl glycyl chloride
2,20 gm, (0,01 mole)
dioxane 25. ml.
Me thod
.A suspension was made from the glycine, magnesium
oxide and 10 ml. water, and the phthalyl glycyl chloride dis-
solved in the dioxane, The dioxane solution was added to the
aqueous suspension with stirring over 3 hour, and the reaction
temperature kept at 5°C. At the completion of adding the
dioxane solution, the reaction mixture was stirred for a
further 10 minutes at room temperature. Acidification Wi th
dilute hydrochloric acid precipitated a crystalline solid
which was recovered by filtration and recrystallized from
alcohol, The original filtrate was evaporated under reduced
pressure and the solid material recrystallized ffom alcohol,
‘Total yield of product - 2.0 gm. or 73% of theory
| (M.P, 228°C.)
Phthalyl glyecyl-glycine
Materials glyeine 1.5 gnm.
sodium bicarbonate .0 gm.
phthalyl glycyl chloride

Leb6 gm, in 1O
ml, of benzene
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Me thod
The glycine and sodium bicarbonate were dissolved in
25 ml, water and the benzene solution of phthalyl glyecyl
chloride added to this, with stirring, over 4 hour. Stir-
ring was continued one hour, the benzene layer removed, and
the aqueous layer acidified with dilute hydrochloric acid,
The phthalyl glycyl glycine which had separated was fiitered
by suction, M,P, 218°C. on erystallization from 80% alcohol
- 230°cC,
Yield = Il gm. or 85% of theory

Phthalyl Glycyl-DL-alanine

Materials phthalyl glycyl chloride = L.6 gm. in
Lo, ml,
benzene

DI=alanine ’ - 1.8 gm.
sodium bicarbonate - L.,0 gm.

Method

The DL~alanine and sodium bicarbonate were dissolved
in 25 ml; water and a similar procedure followed as for the
preparation of phthalyl glyeyl glyecine,

Yield of phthalyl glycyl DL-alanine 2.2 gm or 42%
of theory |
(M, P. = 220°C)
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Phthalyl DL-alanyl glycine
Materials glycine 0. 75gm.
sodium bicarbonate 2,1 gm,
phthalyl DL-alanyl chloride

2.37gm. in 4O ml,
benzene

Method
Using the same procedure as for the other phthalyl
dipeptides, 2.3 gm. of material (43% theory) melting at 221°¢,

was obtained,

Phthalyl DL-alanyl DL-alanine

Materials phthalyl DL-alanyl chloride
2635 gm. in 20 ml,
dioxane
DL=-alanine 0.89 gmn,
Magnesium oxide 0,60 gm,

Me thod
The DL-alanine and the magnesium oxide were suspended

in 10 ml. of water, The dioxane solution was added with
stirfing over a period of % hour, with the reaction tempera-
ture kept at SOGQ After addition of the dioxane solution,
the reaction mixture was stirred at room temperature for =
further & hour and the solution acidified with dilute
hydrochloric acid, The solid which had separated upon

acidification was filtered off and recrystallized from
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alcohol, The material obtained 1.2 gm. (63% of theory) had

a Melting Point 228°¢,

o
it
e \\ R R,
| { Mg O
] —CH—COCI + HyN-CH-cooH [Me©
/ NaHCO;3
N
C
[]]
o
g
G ' R
v ? v
| l N—CH—CO~NH—CH—COOH
N Cl'_‘
o
Rz H or CHj;
R': H or CH3
Glycylglycine
Ms terials phthalyl-glyeylglycine 2.L gm, (.01 mole)
phenylhydrazine 1.9 gm. (.02 mole)
tri-n-butylamine 1.65gm. (.01 mole)
ethyl alcohol 10, ml.
methyl-ethyl ketone 25 ml.,
glacial acetic acid 0, 75ml,
Me thod

The phthalyl-glycylglycine, phenylhydrazine, tri-n-
butylamine and ethanol were placed in a 100 ml, flask and

boiled under reflux for two hours. The methyl-ethyl ketone
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was then added and solution refluxed for a further 15
minutes., The solution was then cooled to room btemperature

and the glacial acetic acid added, A white precipitate

settled out and was separated by filtration. The white
precipitate.was washed with methyl-ethyl ketone and dried
in air,
Yield of product - 0.40 gm. or 33% of theory
M,P. 215-220°C, decomp.
The other dipeptides were prepared by a similar

procedure, The following equations represent the above

reactions:
o
\
C R 5'
/

— CH—CO-NH-CH-COOH + Cy Hs~NH-NH, (CeHgliN |
/'N " e CHz CooH
T o
’ !

R R' /

HaN—CH-CO-NH-CH-COOH + \I N—NH-CcHy

R: H orF CHg
R‘: I’" or CHj'



2[1,@
(2) Attempted preparation of p-Phenylazobenzoyl Glycine
Using Tertiary Bases

(a) Using Pyridine as a Reaction Medium

Material p-phenylazobenzoyl chloride 0,61 gme
pyridine 10, ml.
glyeine 0.1875 gm,

Me thod

The acid chloride was dissolved in the pyridine and
Tthe glycine was added with constant stirring, in small
amounts, over a period of & hour. The reaction mixture was
stirred for a further 3 hours. The‘pyridine golution became
deep red in color, later changing to an orange color. At
the end of the 3 hours, the reaction mixture was poured into
a beaker containing 600 ml. of water, After standing 1 hour
an orange colored solid had separated, which was filtered,
dried on a porous plate, and stored in a vacuum desiccator
over phosphorous pentoxide. The solid material was re-
fluxed successively with petrbleum ether and benzene, then
crystallized from alcohol.
Weight of product = 0,20 gm. or 30% of theory
M,P, = 226°C, (corrected) |
Mixed melting point with p-phenylazobenzoic
acid = 222 - 228°¢C,
Mixed M.P. with p-phenylazobenzoyl glycine
= 22,°c,
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After standing one week, the melting point of the product
had risen to 22700. and the mixed melting point with
p~phenylazobenzoic aclid was 22&00. The melting point data
might indicate the possibility of this material belng
p-phenylazobenzoyl glycine, were it not for the increase in
melting point on standing. It would berexpected that the
mixed melting point of this material with p-phenylazobenzoic
acid would be lower than that obtained. Solubility
characteristics were generally not those expected for
p-phenylazobenzoyl glycine. The possibility of this mat-
erial being impure p-phenylazobenzoic acid cannot be dis-
counted,

Repetition of this work failed to yield any
p-phenylazobenzoyl glycine, but only p-phenylazobenzoic
acid., A further study of this procedure was abandoned.

(2) Using Pyridine as a Reaction Medium

Materials p-phenylazobenzoyl chloride 0.652 gm.
| glyecine 0.20 gn.
pyridine 10, ml,

Me thod

The glycine was added to the pyridine solution
containing the acid chloride, and the mixture heated under
reflux for two hours, Solid material evidently glycine,
was always present during the heating. At the end of the

two hours, the contents of the flask were poured into a



beaker containing 600 ml. of water, This mixture was set
aside, in the refrigerator, for 12-1l hours, After this

time, solid material had settled out, which was filtered

with the ald of suction, and dried on a porous plate.

material was refluxed with petroleum ether and thekundis—

solved solid removed by filtration. This remaining solid

material was then refluxed with benzene. The solid re-
maining was filtered and dried on a porous plate.
Weight of solid matérial was 0,30 gm.
Melting point - 260°C,
Melting point values were different from both that of
p-phenylazobenzoyl glycine and p-phenylazobenzoic acid.
Consistent values for the nitrogen content could not be
obtained: sample values being 19.38%, 19,L6% and 23.2%
nitrogen. The quantity of materlal was too small %o
allow further examination. In view of the uncertainty
of this reaction, this experiment was not repeated,
(b) Using triethylamine as condensing agent
Materials glycine 1.5 gm.
triethylamine 50. ml,
p-phenylazobenzoyl chloride
5.379 gm.
benzene 50, ml,
Method

To a suspension of glyecine in the triethylamine
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was added dropwise, with stirring, 50 ml., of a benzene solu-
tion containing the acid halide, and the mixture stirred for
8 hours on a water bath at 35 = 0°c¢, Althoughvthe benzene-
triethylamine solution became a deep blue-violet color, re=-
sembling the color produced due to azlactone formation, a
large quantity of an orange-yellow solid was visible through=-
out the heating period. The only materials which could be
recovered were p-phenylazobenzoic acid and unreacted glycine.

(¢) Using tri-n-butylamine as condensing agent
The materials, quantities and procedure were the
same as that in (b) above, except that tri-n-butylamine was
used In place of triethylamine., Only unreacted glycine and
pP=phenylazobenzoic acid could be recovered,
Trials were also made using DL-alanine in place of
glycine, but the condensations did not take place.
(3) Repetition of Karrer's Preparation of p-Phenylazobenzoyl
Glycine and p-Phenylazobenzoyl DL-alanine
These derivatives were prepared using the method
.proposed by Karrer et al (22) except that minor modifications
were used. The modifications consisted of (1) using differ-
ent concentrations of alkali as the reaction medium, (2)
using different reaction times, (3) changes in isolation
procedure, Details are giyen below,.
The glycine was dissélved in a measured volume, contain-

ing one equivalent of standard-alkali,and the p-phenylazo-
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benzoyl chloride was dissolved in diethyl ether, The
reaction was carried out at 0 - 5°C, with the acid chloride
solution being added to the aqueous amino acid solution, in
small quantities, over periods of time varying from 1% to
5 hours, A further equivalent of alkali solution was added
to the mixture at 0 - 5°C, over 1-3 hours, As was the case
in Karrer's laboratory, a violet color developed in the
agqueous 1ayef during the addition of the alkali, Karrer
attributed this color to the formation of the sodium salt
of the azlactone, although this particular azlactone has
never been isolated, Disappearance of the violet color
was slow, At the end of the reaction time, the product was
precipitated by acidification with hydrochloric acid.

Table I lists in detail quantities of glyecine, acid
chloride; volumes of alkali, and duration of the various

stages of reaction time,
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TABLE I

Variations in Quantity of Reacting Materials,
Reaction Time and Strength of Alkalil

METHOD I 11 IIT v
Weight in Grams of

p-Phenylazobenzoyl 0.61 0.60 0.652 0.818
Chloride

Volume in mi, of
Ether to Dissolve 10,0 10.0 10.0 25.0
Acid Chloride

Weight in Grams of
Glycine 0.1875 0.20 0.20 0.25

Volume in ml, of
Alkali to Dissolve 1.2 1.2 1.6 1.2
Glyeine

Strength of Alkali
(Normality) 1.593 1.593 1.593 2.82

Duration Time in Hours ]
of Addition and 15 1% 13 1%
Preliminary Agitation

Volume of Alkali in ml.

Added Aftef ?reliminary 1.2 1.2 1.6 1.2
Agitation 1

Duration Time in Hours

of Seco?% Addition of 1.0 3,0 3,0 2,0
Alkali (2)

(1) Reaction mixture allowed to stand 2% hours at 0-5°C,
before adding the extra alkali solution,

(2) Agitation continued a further L hours at 0-5°C. on
completing addition,
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Isolation of Product after Acidification
The methods outlined below are the ones correspond-

ing to Method I, II, III, IV.

METHOD I

The ether layer was separated from the aqueous layer
and the solid material in the aqueous layer removed by fil-
tration. It melted at 209°C. The aqueous layer was eX-
tracted with ether; the ether layer was separated and added
to the original ether layer., The ether solution was evap-
orated to dryness, which yielded a solid, M.P. 20406. This
solid material was added to the solid obtained from the
aqueous layer and the whole heated with benzene under re-
flux to remove any p-phenylazobenzoic acid. The solid
material remaining was separated by suction filtration, then
recrystallized from alecohol. The melting point was 198°¢.
The product was then recrystallized from alcohol and 0.36 gm,
of orange colored material melting at 223°C¢. (corrected) was
obtained. Mixed melting point data showed this material to
be other than p=-phenylazobenzoic acid,

Yield - 63.6% of theory.
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METHOD IT

The solid material obtained by acidification of the
reaction mixture was filtered and éxtracted with petroleum
ether to remove any unreacted p-phenylazobenzoyl chloride,
The undissolved material was then extracted wi th benzene to
remove any p-phenylazobenzoic acid, The solid material
remaining was then recrystallized from alecohol, An orange
colored material 0.36 gm. (67.2% of theory) melting at 22,,°¢
(corrected) was obtained, whichbwas proven to be different
from p-phenylazobenzoic acid by mixed melting point data.
METHOD III

The erude product obtained by acidification was
filtered; The ether layer was separated from the aqueous
layer and eVaporated to dryness. The solid material ob-
tained by evaporation was added to the main bulk and the
whole heated under reflux with petroleum ether, benzene
and alcohol successively. On recrystallization from
alcohol, 0,43 gm. (68% theory) of an orange colored material
which melted at\221°0; was obtained, Mixed melting point
data showed it to be other than p-phenylazobenzoic acid.
METHOD IV

The solid material was filtered and the ether
layer separated from the aqueous layer, evaporated and
material obtained added to the main solid. The combined

solid was dried on a porous plate and the dried material
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refluxed successively with petroleum ether and benzene, The
benzene was filtered off, leaving 0.80 gm. (85.1% theory) of
an orange colored solid melting at 220°C, (corrected).

Repeated crystallizations from alcohol yilelded

0.75 gnm. (80,3% theory) of a product M.P. 223°¢, (corrected).

Mixed melting point data showed it to be other than
p—phenylazobenzoic acide

Mixed melting point determinations of the material
obtained in I, II, III, and IV, showed it to be the same
compound., |
ANALYSIS

= q
Calculated for ClSHlBNBOBa c0 2800000000000 00D oN l}—l-e 83/7
Nitrogeﬂ Obtained by micro kjeldahlo ceove 0060 s +N :—lh_. LL8%

Karrer and 2ssociates (22)eeccccssssscescvesocN = 1y, 50%

In Table II is summarized the results of these
tests., It shows strength of alkall used as reaction medium,
total reaction time, yield and melting point, compared wi th

the work of Karrer, Keller and Szonyl.
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Effect of Reaction Time and Strength of Alkall

on Yield and Melting Point .

S TRENGTH TOTAL
ME THOD OF ALKALT REACTION YIELD MELTING
( NORMALITY) TTME (HOURS) POINT ©C,
Karrer and
Asgociates 2,0 123 76,9 225°
1 1,593 2% 63.6 223°
II 1.593 7 67.2 22,°
III 1.593 7 68 221°
IV 2,82 75 80 223°
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Preparation of p-Phenylazobenzoyl DL~Alanine

Materials DI~alanine 0,267 gm.
p=Phenylazobenzoyl Chloride 0.732 gm.
Ether 3.0 ml,
Procedure
The p=-phenylazobenzoyl chloride was dissolved in
3,0 ml. of ether and added slowly over a period of one hour
to 0,267 gm. of DL-alanine dissolved in 3,3 ml, of 0,954 N
sodium hydroxide solution at 0-59C, The reaction mixture
was stirred another 7 hours., The feaction mixture was
violet in color, The aqueous layer was removed from the
ether layer and acidified with dilute hydrochloric acid,
On acidification, an orange colored solid precipitated and
was removed by filtration. The ether solution was evap=-
orated to dryness and the resultant solid material obtained .
combined with the original material, Extraction of the
solid with carbon disulphide removed unreacted p-phenyl-
azobenzoyl chloride, The remaining solid material was
recrystallized from alcohol,
Yield = 0,182 or 25% of theory
(MoPo = 219°C.)
Mixed melting point data ruled out the possibility of this
material being p-phenylazobenzolic acid,
In a second trial, 1,22 gm. of acid chloride

dissolved in 30 ml. of ether was added, in small portions,
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to 0.L55 gm., DL-alanine dissolved in 5,3 ml. 0,953 N
sodium hydroxide, The reaction temperature was maintained
at 0=-5°C, and the reaction mixture stirred for 3 hours. The
ether layer was separated from the aqueous layer and the
former washed four times wi th 10 ml., of O.L N sodium
hydroxide. These washings were added to the previously
gseparated aqueous layer, The solution was a deep violet
color, On acidification, an orange colored solid was pre-
cipitated, which was filtered and dried, The melting point
of the crude product was 192-196°C, Extraction with carbon
disulphide raised the melting point to 202°C, After twice
recrystaliizing from 95% glcohol and 70% alcohol respect-
ively, O.L7 gm. of an orange solid material M.P. 215°c¢.
(corrected) was obtained, Mixed melting point data showed
distinction from p-phenylazobenzoic acid,

A further trial was méde, using the same quantities
and procedure as shown above, except that after crystalliz-
ation from alcohol, the solid material was extracted again
W th carbon disulphide., The yield of orange solid material,
M,Peo 21500° (corrected) was 0,5 gm. (30% theory).

1. 17%
13.78%
Karrer et al (22) N = 114,18%

Ainalysis for 016H1503N3 - N
Found - N
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Mixed melting point data showed the three products to be
similar,
Table III gives a summary of ylelds obtained by
the above methods and the melting points of the respective
products, together with results obtained by Karrer and

assoclates,
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TABLE III
Yield and Melting Points of Products obtained by Varying the

Methods of Purification as Compared with Karrer's Method.

METHOD YIELD MELTING

POINT ©C,
I ’ 25 219° (corrected)
1T 31.3 215° (corrected)
IIT 30 215° (corrected)

Karrer 30 215° (corrected)

—
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As improved yields could not be obtained without an
extended investigation, requiring much time, work on the

preparation of this derivative was abandoned,

. Preparation of p-Phenylazobenzoyl-DL-Phenylalanine
Materials DL-phenylalanine 1,65 gm.
p=phenylazobenzoyl chloride 2.4l gm.
Method
To 1,65 gm., DL-phenylalanine dissolved in L.5 ml, of
2,5 N sodium hydroxide was added with stirring over a period
of & hour, 50 ml, of an ether solution containing the
p-phenylazobenzoyl chloride., The reaction temperature was
maintained at 0-5°C, At the end of this addition l.0 ml,
of 2,5 N sodium hydroxide was added over a period of 2
hours, During the latter period, a bulky solid formed at
the bottom of the reaction veésel, and the solution was a
violet color., The reaction mixture was acidified with 5 N
hydrochloric acid and the solid material separated by
filtration, This material was extracted successively with
ligroin and carbon disulphide., The remaining solid melted
at 187°C. On recrystallization from alecohol 0,25 gm. of an
orange colored solid, M,P. 191°C. (corrected), was obtained,
Lack of time and supplies of DL-phenylalanine did
not permit further investigations into the preparation of

this derivative,
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5. Preparation of p-Phenylazobenzoyl Dipeptides
p-Phenylazobenzoyl Glycyl Glycine
Two procedures were used for the preparation. The
violet color due to azlactone formation during preparation
of the amino acid derivatives was not observed in preparing
the p-phenylazobenzoyl dipeptides.
Me thod 1.,
Materials Glycyl Glycine = 0,264 gm. (.002 mole)
p=-Phenylazobenzoyl chloride
- 0,489 gm. (.002 mole)
To 0,26l gm. of glyeylglycine, dissolved in 2,17 ml.
of 0,922 N sodium hydroxide, was added slowly with stirring,
4O ml. of an ether solution containing the acid chlorides.
The reaction temperature was maintained at 0-5°C., On
completing the addition of the ether solution, the reaction
mixture was stirred for another 1% hours. A further

2,17 ml, of alkali solution was added in small amounts over

a period of 3 hours, and the reaction mixture stirred for
another 3 hours. Upon acidification with dilute hydro-
chloric acid, an orange colored material settled out, which
was filtered and dried., This solid material was heated
under reflux with petroleum ether (30-60°C.) to extract any
unreacted acid chloride. The solid material remaining was
then removed and refluxed with benzene to remove any

p-rhenylazobenzoic acid that may have formed. The product
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was then repeatedly recrystallized from alcohol until
constant melting point was obtained.
A reddish-orange colored material, 0,56 gm.
(82,3% theory) M,P. 237°C, (corrected) was obtained.
Ahalysis
16.11.6%
16.22%

Calculated Cl7H16NLI_OLl.- N

Pound N

A small amount of the desired product could also
be obtained by evaporating the ether solution and adding
the residue obtained to the bulk on the filter raper.,

The following equation represents the above reaction:
R-CO-Cl + HaN-CHy-CO-NH-CHa-COOH -MiOH
R—CO-NH-CHzCO-NH-CH,-COOH

Foe
Method IT, -

Preparation of p=-Phenylazobenzoyl glycyl chloride
Materials p-Phenylazobenzoyl glycine 1.0 gm.,
Thionyl. chloride (re-distilled) 20.0 ml,
Me thod
To 1.0 gm. p-phenylazobenzoyl glycine was added 20 nml,
thionyl éhloride and the mixture heated under reflux for 6
hours. The excess thionyl chloride was removed by distillation.

The material remaining which had a tarry consistency was
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extracted with ether and the ether solution allowed to evap-
orate in a vacuum desiccator over phosphorus pentoxide., A
deep reddish colored tarry-like material 0.0 gm. was obtained.

The following equation represents the above reaction:

R-CO-NH-CH-COOH + SOCl2 —

R-C O-NH-CHa-C O-Cl

Reaction of p-Phenylazobenzoyl glycyl chloride with glycine

Materials p-Phenylazobenzoyl glycyl chloride
0,3015 gm,
Glycine 0.075 gm,
Ether 40,0 ml,
Me thod

To 0,075 gm. glycine dissolved in 5,0 ml, 0.20 N
Sodium Hydroxide was added slowly with constant stirring at 4°C.
20 ml. ether solution containing 0,3015 gm. p-phenylazobenzoyl-
glycyl chloride. The reaction mixture was stirred for a total
of I} hours at which time it was acidified with 5 N hydrochloric
acid, The solid material was separated by filtratioiﬁ%rystalliz-
ed from'alcohol° An orange colored material 0,11 gm. M,P, 252°C.

was obtained, Mixed melting points with previously prepared

p~rhenylazobenzoyl glycylglycine and p=-phenylazobenzoic acid

were respectively 218°C, and 200°C,

" A
S higaaRT s
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As the quantity of this material was very small, no
further investigation was carried out but it would appear

that the above prepared material was not p-phenylazobenzoyl

glyeylglycine,

p-Phenylazobenzoyl glycyl-DL-alanine

Materials p-Phenylazobenzoyl chloride 0.48 gm,
Glyeyl-DL-alanine 0.292gm.
Ether 40. ml,
Me thod

To 0,292 gm, glycyl=DL-alanine dissolved in 2,17
ml, O.92&2 N sodium hydroxide was added slowly, with con-
stant stirring, 4O ml. ether solution containing 0.48 gn.
p-phenylazobenzoyl chloride., The reaction temperature was
maintained at ,°C. and the mixture stirred for 1 hour. A
further 2,17 ml. 0.9242 N sodium hydroxide was added and
the mixture stirred for another 3 hours., The reaction mix-
turgfgzidified with 5 N hydrochloric acid and the solid
material separated by filtration. The ether phase was sep-
arated from the agueous phase and eVaporated to dryness,.
The resulting solid material was combined with the previous
solid material, The resulting solid material was dried on
a porous plate, extracted with 30~60°C, ligroin and benzene,

then crystallized from alecohol. An orange colored solid
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MoPo 236.5 = 237°C, 0.40 gm. (60% theory) was obtained.
Mizxed melbting point with p-phenylazobenzoic acid 228°C.

Nitrogen e termination, . cococcsocscsscssscssesl0s92%

C81CULALEAe s eecooccossssssosscsccscosnnssassllel?h
The following equations represents the above reactions:

C|H3

R-COCJ -+ Ha N—CHz—C O——NH——C H—COOH

6153

N2+ R-CO-NH-CHa-CO-NH-CH-COOH

- Oy

p-Phenylazobenzoyl DL-alanylglycine

Materials p-Phenylazobenzoyl chloride 2.4)45 gm.
DL-alanylglycine 1.6 gnm,
Ether LO.0 ml,
Me thod

To 1l.46 gm. DL-alanylglycine dissolved in Li,0 ml.
2.5 N sodium hydroxide was added slowly wi th constant stir-
ring at 4°C, 4O ml., ether solution containing 2.445 gnm.
p=-phenylazobenzoyl chloride. The reaction mixture was
stirred for 1% hours, at which time an additional 4.0 ml.

2.5 N sodium hydroxide was added, The mixture was stirred
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for a total of 7 hours. The reaction mixture was acidified
with 5 N hydrochloric acid and the resulting orange colored
solid separated by filtration. The ether phase was separat-
ed, evaporated to dryness and the solid material obtained
combined with the previous solid material., The combined
solid material was dried on a porous plate, then extracted
successively with ligroin 30~-60°C, and benzene. The remain-
ing solid material was crystallized from alcohol after which
0,50 gm, (71% theory) of an orange colored compound M.P,
22),,5° - 225,5°C, was obtained.

Nitrogen determinatioN.esecocoossoosocscs ooel6,69%
Calculatedo,..,....,........,..............17,17%

The following equations represent the above reactions:

C,H_;
RCOCl + HyN—CH-CO-NH-CHyCOOH

CHs
0y R £ O-NH-C H-C O-N H-C HeC OOH

e OO
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p-Phenylazobenzoyl DL-alanyl-DL-alanine

Materials p-phenylazobenzoyl chloride 0.489 gm.
DL~alanyl-DL=alanine 0.320 gm,
Ether LO.0 ml.
Me thod

To 0,320 gm. DL-alanyl-DL-alanine dissolved in 2,17
ml, O.92h2 N sodium hydroxide was added slowly, with continu-
ous stirring, 4O ml. of ether solution containing 0.489 gm.
p-phenylazobenzoyl chloride, The reaction mixture was
maintained at 4°C, and stirred for a period of 2 hours. An
additional 2,17 ml, 0.9242 N sodium hydroxide was added and
the mixture stirred for a further 2 hours. The mixture was
acidified with 5 N hydrochloric acid and thekresulting solid
material separated by filtration. The ether phase was sep-
arated, evaporated to dryness and the solid material obtained,
added to the previously obtained material, The solid mixture
was extracted with ligroin and benzene and cfystallized from
alcohol, The orange colored material, yield 0.3L gm. (L46%
theory), had a M.P, 233° - 234°C, Mixed melting point with
p-phenylazobenzoic acid was 220°C.

Nitrogen determinatioN.esssocoscoscsssssssel5e05%

Caleulatedeeoceceocooscocsssososssccsscseseldell?

The following equations represent the above reactions:



C|;|3 C{‘B
RCOCl + HaN-C H—CO—NH-CH-COOH

CHs C,H3 .
NaO# 4 R-CO-NH-CH-CO-NH-CH-COO H
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CHAPTER IV
DISCUSSION

Attempted Reaction in the Presence of Tertiary Bases

When the preparation of p=phenylazobenzoyl
derivatives of glycine and DL-alanine was attempted at room
temperature in the presence of triethylamine, tri-n-
butylamine and pyridine, only unreacted amino acid and
p-phenylazobenzoic acid could be recovered, Carter, Handler
and Stevens (30) found that hippuric acid could not be
prepared from benzoyl chloride and glyecine in the presence
of pyridine., They attributed this to the limited solubility.
of the amino acids in pyridine, It may be for this reason
that no p-phenylazobenzoyl derivatives of glycine and
DIL~-alanine were obtained using tertiary bases, The above
éuthors, in the same article, showed that acylation of
amino acids in pyridine, at elevated temperatures, produced
a mixture of acylated amino acid and dipeptide as shown

below,

R-CH-COOH + RCOC) SRIMNEL R CH-COO H
NHa N H-C O-R’

R CHCOOH + R COCI 2RuME, R_CH—C=0
NH COR' | |

N O
\C/
R'er R=H or ALKYLRADICAL g’
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R
R—~CHh—e=0 + R CH COOHﬁ“?!—"'—"i’—:—»R~‘CH—Co-NH-éIJ-cooH
L] NHa MieCo—g!
N
K R=H or ALKY. RADicAL

This may account for the high melting compound obtained by
fefluxing P-phenylazobenzoyl chloride with glycine in the
presence of pyridine, but, since the quantity of this
material obtained was very small, no further identification

was possible,

Repetition of Karrert's Work

This work was repeated to determine whether
variatiohs in the procedure could lead to improved yield
and quality of products., In the cagse of p-phenylazobenzoyl
glycine, it would appear that no significant improvement
resulted from slight variations, As for p-phenylazobenzoyl
DL-alanine, the results indicate that any improvement in the
2% yield obtained by Karrer and his associates, must be
soﬁght in some other direction,

In the preparation of b-phenylazobenzoyl DL~alanine,
a violet color was observed in the alkaline solution.
Karrer does not mention observing this color in the prepara-
tion of P-phenylazobenzoyl 'L-alanine, but does in the
preparation of p-phenylazobenzoyl derivatives of glycine,

L-leucine and L-valine. Whether or not this color was
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observed by Karrer, or that he just failed to record it, is
unknown,

Attempted Preparation of p-Phenylazobenzoyl=DL-
phenylalanine

Due to the poor yields obtained in this preparation,

of identification
me thodsv other than by mixed melting points and solubility
characteristics were not permissible., As only one prepar-
ation was made of this material, possibly the best reaction
conditions and isolation procedures had not yet been found
in the initial exploratory trials.

| Preparation of p-Phenylazobenzoyl Dipeptides

In the preparation of the p-phenylazobenzoyl
dipeptidés, no violet color, of the azlactone type, was
observed, The structure and identities of these derivatives
have been confirmed on the basis of nitrogen analysis and
mixed melting point determinations. The procedures used
give satisfactory yields, although the reaction time was
quite lengthy.

Time and material did not permit repeating the
attempted preparation of p-phenylazobenzoyl glycylglycine
using p=phenylazobenzoyl glycyl chloride and glycine. The
compound obtained had a melting point which was much higher
than that obtained by reacting p-phenylazobenzoyl chloride
with glyeylglyecine, It would appear that this method was

not very satisfactory.
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CHAPTER V

CONCLUSION
Dipeptides can be satisfactorily characterized by the
use of p-phenylazobenzoyl chloride as the acylating
agent, using the Schotten-Baumann procedure. The
derivatives can be obtained “in fair yilelds without
too much difficulty.
Using standard procedures, the yleld of p-phenylazobenzoyl
DL-alanine cannot be readily improved.
Purther investigation into the preparation of
p-phenylazobenzoyl DL-phenylalanine will be required to
de termine whether the yields and quality can be improved.
The use of tertiary organic bases as reactlion media for
preparation of p-phenylazobenzoyl amino acids is not

practical,



1.

2,
3.
)--1-0

5.

9
10.

11,
12.
13,
1.
15,

16,

BIBLIOGRAPHY

Fischer, E,, Ber. 36:2982-92, 1903.

Fischer, E., Ber. 37:3062-71, 190L.

Schonheimer, R., Z. Physiol. Chem. 154:203-l, 1926,

Abderhalden, E., and Chrenwall, E, Von,
Permentforschung 12:376-410, 1930.

Abderhalden, E. and Riesz, E.,, Fermentforschung
12:180-222, 1930,

Abderhalden, E,, Dinerstein, L. and Genes, S.,
Fermentforschung 10:532-43, 1929,

Matgsomoto, A., Acta., Schol, Univ, Imp. Kioto
10:219-27, 1928,

Landsteiner, K. and Vanderscheer, J., dJ, Exptl. Med.
55:781-96, 1932, | |

Fischer, E,, Ber. 32:2451-71, 1891.

Pacsu, E, and Mueller, J. W,, J. Biol. Chem,
136:335-43, 1940. |

Schotten and Baumann, Ber. 19:3218, 1886,

Menalda, F. A., Rec. Trav. Chim., 49:967=95, 1930.

Fischer, E., Ber. 36:2094-2106, 1903,

Pischer, E., Ber. 38:605-19, 1905,

Muhleman, G. We, These Univ., Geneve Faculte Sciences
817:5-31, 1927.

Cherbuliez, E. and Plathner, P., Helv., Chim. Acta.

12:317-29, 1929.

51,



17.
18.

19.

20,

21,

22,

23.

2l

25,

26,

27

28,

29,

30.

31,

52,

Towne, Be. W., Biochem, J. 30:1837-=Lil, 1936,

Przylecki, St. J. and Kaspzyk, K., Biochem. Z,.
289:2)43-50, 1937.

Saunders, B. C., Biochem, J., 28:580, 193L.

Saunders, B, C., Biochem. J., 36:368~95, 19,2,

Towne, B, W., Biochem. J. 35:578, 1941,

Karrer, P., Keller, R. and Szonyi, G., Helv. Chim,
Acta. 26:38-50, 1943.

Karrer, P., Keller, R, and Szonyi, G., Helv. Chim,
Acta, 26:51=58, 1943.

Mohr, E., and Geis, T., J. Prakt, Chem. 81:,.73-500,
1910. |

Lollermoser, A, and Adelmann, K., Kolloid Z.
83:267-78, 1930,

McDonald, H. Jes Ionography, The Year Book Publishers
Inc., Chicago, 1955, |

Ladenburg, K., Fernhalz, E. and Wallis, E. S.,
J. Org. Chem, 3:29l, 1938,

Sheéhan, J. Co and Frank, V. S., J. Am, Chem., Soc.
71:1856, 1949.

Schumann, I, and Boissonnas, R. A., Helv, Chim, Acta.
35:2235-77, 1952,

Carter, H, E., Handler, P, and Stevens, C. M.,
J. Biol., Chem. 138:619, 1941.

Hershberg, B. B., J. Am, Chem. Soc. 61:3587, 1939.



53.
32. Fischer, E., and Jacobs, W. A., Ber. 39:2942-50, 1906,
33. GColeman, G, H,, McCloskey, C. M. and Stuart, F. A.,
Organic Synthesis 25:80, 1945,
3y Anspan, H, D., Organic Synthesis 25:86, 195,




