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X. SUMMARY

The object of this thesls 1ls to prepare the de-
rivatives of the amino acid, @-alanine. The derivatives
were prepared with reagents that have been used to pre-
pere derivatives of &« -amino acids. The derivetives of

P -a2lanine that were prepared are the p-toluenesulfon-
amide, the benzamide, the phenyl urea, the & -naphthyl
urea, and the phenylhydantoin. The titration molecular
welghts of &2ll the prepared derivetives except the
phenylhydantoin, which cannot be found by titration, were
calculated from titration data. They closely coincided
with the calculated molecular welghts of the derivatives.
A nitrogen determination of the phenylhydantoin suggested
that the derivative contalned two molecules of water of

crystalllzation,



JIX. INTRODUCTION

The identificatlion of uncharacterized compounds 1s
an important part of the fleld of organic chemistry.

The identification i1s usually effected by, flrst,classi-
fying the unknown as to the type of compound, and,second,
reacting the unknown with orgeanic reagents which will
give specific reactions characteristic of the funetional
groups present in the compound. The unidentified com-
pound is characterized by comparing the melting points
of the derivatives thus prepared with the melting points
of the derivatlives of known compounds of that class. The
compound is identified when the melilng points of the
respective derivatives are the same. If the compound 1s
completely new, & percentzge composition determination,
in addition to the melting points of the derivatives, is
necessary to characterize the compound.

The amino ecid, @-alanine, 1s a constituent of the
prouvein panthqthenic acid which 1s a growth factor in
yéasts. It has been synthesized from @-proplolactone
and from succinic acid. The derivatives of @-alanine,
with the exception of the phenyl urea derivative have
not been studied systematically, but the reagents used
to prepare them in this study are the ones used to pre=-
pare the derivatives of the o -amino acids, The pre-

paration of the known derivative and several of the new



derivatives is the object of this thegis. If the melting
points of the derivatives of @-alanine are known then
it could bLe identified much more readily should it appear

in the course of any study.



1T, PROCEDURE

The derivatives of (-alanine were prepared as
follows:

The p-toluenesulfonyl chloride derivative was
prepared by reacting @-alanine with p-toluenesulfonyl
chloride in an alkali medium, to form the p-toluenesul-
fonamide derivative of e-alanine. The derivative was
dried end gmelting point taken. A welghed sample of the
derivatlive was titrated with & standard basic solution
to determine the molecular welght,

The benzoyl chloride derivative was prepared by
rezcting @-alanine with benzoyl chloride in an alkall
medium to form the benzamide derivative of @-alanine.
The derivative was dried:and a melting point taken. A
welghed sample of the derivative was tltrated with a
standard basic solution to determine the molecular welght.

The phenylisocyanate derivative was prepared by re=-
acting @-alanine with phenylisocyanate in an alkell
medium to form the phenyl urea derivative of @-alanine.
The derivative wes dried and gmelting point taken. A
welghed sample of the derivative was titrated with a
standard basic solutlion to determine the molecular
welght.

The ot -naphthylisocyanate derivatlve was prepared

oy reacting @—alanine with o-naphthylisocyanate in an



alkall medium to form the & -naphthyl urea derivetive of

@-elenine. The derivative wes dried and a melting point
taken. A welghed sample of the derivative was titrated
with a standard basic solution to determine the molecular
welght.

The phenylhydantoin was prepared by first reacting

@ -alanine with phenylisocyanate in an alkeli medium to
form the phenylhydantoin acid end then bolling the phenyl-
hydantoin acid in dilute hydroechloric acid, splitting out
. water molecule, and forming the phenyhydantoin deriv-
ative of @ -alanine, a cyclic compound. The derivative
was dried and a melting point taken. A percentage com-
position determination was taken to d=termine the

percentage of nitrogen in the derivative,

A



AV, RESULTS

The results of the experimentation are best ex-

pressed 1In the form of a table as follows:

compound mp C tit., M. W. theo. M.W,
p-toluenesulfonamide 118 43,2 243
benzamide 93 190.9 195
& -naphthyl urea 201-203% 4, 256.2 258
phenyl urea 16T7.5 207.1 208

pheny]L'hydanto in 169.5 - 190



M. DISCUSSICN OF RESULTS

The results show that the derivatives of f-alanine
can be prepared in the same way as e -amino aclds. The
molecular weight determinations have verified, within
experimental error, that the products of the reactions
are the desired products. The small discrepancies in the
molecular weights of the products could probably be de-
creased with a greaterdegree of purification. To get
closer agreement between the titration and the caslculated
molecular welghts, the derivatives should be mede in
quantity and the average of a number of titrations taken.

The melting points were determined by making three
runs, each time approaching the melting point reglon with
more care untll the temperature could be held qulte steady
at the melting point.

The six-membered ring is.one of the most steble ring
gstruetures and therefore, in the case of tﬁe phenyl-
hydantoin derlvative, the slx-membered ring structure 1is
assumed to have been formed. A good test to ascertain
that the compound is 1nd§ed the cyclic pheny%ﬁpydamtoin
would be a percentage compoeition determination of this
compound. A nitrogen‘determination by Dr, Nagy of the
M.I.T. chemical analytical laboratory showed 12.43 percent
against 14,73 percent calculated. Crystallized from
dilute alecohol, the compound could have two molecules
of water of crystallization which would glve a nitrogen

percentage of 12.39.



VT, CONCLUSIONS

I The amino acid (B-alanine hes derivatives cor-

responding to those of the o -amino aclds.

o The derivetlves can, 1in most eases, be prepared
similarly to the way in which the derivatives of the

o -amino acids are prepared.



I, RECOMMENDATIONS

1 The derivatives should be produced in enough
quantity to take an average of a2 number of titrations

to determine the molecular welght more accurately.

o A percentage composition determination could be
made on all the derivatives to ascertain that they are

he desired products.



~vil. APPENDIX
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A. DETAILED PROCEDURE



1o\

1. p-Toluenesulfonamide Derivative of @ -Alenine

Plece 267 mg. of @-alanine in an elght-inch tube
and add 7 ml. of 1 N sodium hydroxide solution. To
this solutién add 700 mg. of p-toluenesulfonyl chloride
dissolved in 5 ml. of ether. Firmly stopper the tube
and shéke it frequently over a perlod of ? to 4 hours or
sheke mechanically for ? to 4 hours. Separate the ether
and the aqueous layer and acldify the aqueous layer with
dilute hydrochloric acid to a pH of 4 to 5 using Congo
red or Universal indicator. The derivatlve separates
out upon cooling. ‘If the deriveiive separates as an oll,
scratch the side of the vessel to induce crystallization,
Filter the crystals and recrystalilze from hot water.

The derivetlve separates as short white needles with
a meltingpoint of 118° C. A moleculer welght determina-
tion of this derivatlive was carried out as described on
page (8. The molecular weight determination verified
that the product wes the desired derivative.

The equation for the chemical reaction is ag follows:

CH, CHy

+ NH, CH,CH,coo NaoH, + Hel

0,5Cl 0,5-NHCH,CH,COOH



s Benzamide Derivetive of @-Alanine

Place 200 mg. of (-alenine in an eight-inch tube
and add 6 ml, of 1 N sodium hydroxide solution. To this
solution edd 0.3 ml. of benzoyl chloride. Firmly stopper
the tube and shake vigorously until the chloride is com-
pletely dissolved. Continue to shake frequently over a
period of 3 to 4 hours or shake mechanically for 3 to 4

hours. The solution is then acidified with dilute hydro-

chloric acid to a pH of 4 to 5 using Congo red or Universal

indicator. Filter the crystals and recrystallize from
hot water. The crystals sometimes separate out slowly
after the acid is added and scretching the tube may be
necesgary to induce crystallization.

The derivative separates out as white flakes with
a melting point of 9%° C. A molecular welght determina-
tion was carried out as descrited on page I8 which veri-
fied that the product was the desired derivative.

The equation for the chemical reesction is as follows:

Y 2
]
c-cl C-NHCH,CH, COOH

+NH,CH,CH, CooH NaOH, © + HC)

13



3. Pnenylhydentoin Acld Derivative of p-Alanine
(Phenyl Urea Derivative of @—Alanine)

Place 267 mg. of @=-alanine in an eight-inch tube
and add 3 ml. of 1 N sedlum hydroxide solution and 5 ml.
of water. To this solution add 0.6 ml. of phenyliso-
cyanate, stopper the tube and shake for 2 to 3 minutes.
Let the mixture stand for about 45 minutes with occaslonal
sheking. Fllter the insoluble diphenyl urea and acidify
the filtrazte to a pH of 4 to 5 with dilute hydrochloric
acid usiﬁg Congo red or Universal indicator. The phenyl-
hydentoin acid separates out upon acidification and cool-
ing. Dissolve the phenylhydantoin acid in hot alcohol,
filter, and then add a few drops of water until a per-
manent cloudiness results. The recrystallized phenyl-
hydantoin acid separates out on cooling.

The derivative separates out as white flakes with
a melting point of 167.5° C. A molecular welght deter-
minatlion was carried out as described on page I8 which
verified that the product was the desired derivative.

The equation for the chemical reaction is as follows:

0

=C=0 H‘N‘S*NHCHJCH;COO\'\

+ NH, CH,CH, coov NaOH O

\4



4,  -Naphthylhydantoin Acld Derivative of @-Alanine
( & =Naphthyl Urea Derivative of @—Alanine)

Place 267 mg. of ¢-alenine in an eight-inch tube
end add 3 ml. of 1 N sodium hydroxide solution and 5 ml.
of water. To this solution add 0.6 ml., of & -naphthyl-
isocyanate, stopper the tube, and shake for 2 to 3 minutes.
Let the mixture stand for about 45 minutes with occasional
shaking. Filter the insoluble di-A-naphthyl urea and
acidlfy the filtrate to a pH of 4 to 5 with dilute hydro-
chloric acid using Congo red or Universal indicator. The
o« -naphthylhydantoin acid separates on acidification and
cooling, Dissolve the of -naphthylhydantoin acid in hot
alcohol, filter, and then add a few drops of water untll
e. permanent cloudiness resultis., The recrystallized ok -
naphthylhydentoin aclid separates out on cooling,

The derivative separates out as white granular crystals
with a decompositiion peoint of 201—203° C. A molecular
weight determination was carried out as descrlbed on page
I® 4 which verified that the product was the desired deri-
vetive.

The equation for the chemlcel reaction is as follows:

(o)
N=C=O H-N-C-NHCH, CH.COOH

+NH, CH,CH, Coo H -NOH

15



5e Pheny%hﬁydantoin Derivaetive of @-Alanine

Place 200 mg. of p-alanine in an eight-inch tube
and add 2 ml. of 1 N potassium hydroxide sclution and
3 ml. of water., To this solution add 200 mg. of phenyl-
isocyanate. OStopper the tube with a rubber stopper and
shake until the odor of isocyanate disappears. Filter
the insoluble diphenyl urea and acidiff the filtrate with
dilute hydrochloric acid to a pH of 4 to 5 using Congo
red or Universal indicator. The phenylhydentoin acid
separates on acidification and cooling, Filter the
phenylhydantolin acid and transfer it to an eight-inch
tube. Add 5 ml. of 10 per cent hyérochloric acid solu-
tion and boil gently for sbout 3 minutes and cool when
the needles of the pheny%vpydantoin separate out. Re-
crystallize the phenylhydantoin from dilute elecohol.

The derivative separates out as thte needles with
e melting point of 169.5% C. This derivative was mede
from a2 known and verified compound, phenylhydantoin
acld, so that the change in melting point indiceies that
the desired reaction hes taken place and the compound is
the deslired derivative. A percentsge composition deter-
mination would verify that the product is the desired

derivative.

lb



The equation for the chemical reaction 1s as follows:?

g
i
{ Hrn-c-o+ un d >p-Enn
| KOH, H I

HOOC C HCH, HOCCHC Hy
O
HQl
A
o}

]!
{i:>%N—C—NH
H,0+ i | ‘

C- CHCH,
l .
O

L



6. Molecular Welght Determination

To make certain that the products cbtained were
the desired derivatives, molecular welght determiﬁations
were made. The derivative 18 an acid and, since there
are no interfering groups, titration with a standard
basic solution is a method of determining the melecular
welghts of the produets derived. The standard basic
solution used was ©0,1037 N sodium hydroxide., A dried
sample of each derivative wes weighed accurately to four
decimal places. The weight of the sample taken was close
to thet which would requlire 10 ml. of the stendard base
to neutrelize it. The derivatives were dlssolved in 20
ml, of denatured alcohol except for the « -naphtnyl urea
derivative which was suspended in 20 ml. of alechol as
it was not soluble in the alcohol. The solutions were
then-diluted with distilled water., The 20 ml. of denatur-
ed ealecohol required 0.5 ml. of the standard base to neu-
tralize it and this was taken into account in the calcula-
tions. The number of ml. of the stendard base required
to neutralize each sample was recorded. The molecular
welght, of the sample can be calculated, knowing the weight
of sample, the ml, of standard base, and the normality

of the stendard base, from the following formulas

M.W., = Wt. sample x 1000
ml. btase x normality base

13



The molecular welghts obtained from the titration
closely coincided with the theoretical molecular weights
verifying that the products obtained were the desired

derivatives,

19



B. SUMMARY OF DATA AND CALCULATED VALUES

p-toluenesulfonamide

1. melting point °C 118.

2. weilght of sample 0.2218 g.

3. ml, of NaOH 8.79

4, theoretical molecular weilght 243,

5. titration molecular weight 243,2
benzamide

1. melting point °C 29

2. welght of sample 0.1642 g.

3. ml,of NaCH 8e3

4, theoretical molecular welght 193,

5. titration molecular weight 190.9
K-naphthylhydantoin acld

l. melting point °C 201-203. 4.

2. weight of sample 0.1765 g.

B wiils. OF NaOH 6.65

4, +{heoretical molecular weight  258.

5. titration molecular weight 256, 2
phenylhydantoin acid

l. melting point °C 167.5

2. welght of sample 0.2353 g.

5. ml, of NaCH 10,95

4, theoretical molecular weight 208.

5. titration molecular weight 207.1
phenylhydantoin

1. melting point °C 169.5

standard base solution 0.1037 N NaOH

20



C. SAMPLE CALCULATIONS

7 _ wt. sample x 1000
ml., base x normality base

ile *

for the p=-toluenesulfonamide derivative

. __0,2218 x 10000
M.W. 8.79 x 0.1037

=243,.2

21



O. LOCATIOR OF ORIGINAL DATA

The origlnal datasre loceted in the thesis

research notebook of Arthur F. Immett.

23
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