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XL. SUMMARY

The object of this thesls 1s to prepare the de-

rivatives of the amino acid, @-alanine., The derivatives

were prepared wlth reagents that have been used to pre-

pare derivatives of A -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 ovhenylhydantoin. The titration moleculer

welghts of all the prepared derivatives excent the

phenylhydantoin, which cannot be found by titration, were

cal culated from titration data. They closely coincided

with the calculated molecular welghts of the derivatives.

A nitroser determination of the vhenvlhviantoin sunzested

that the derivative contained two molecules of water of

~ryvotalllization.



JL. INTRODUCTION

The ldentifiecation of uncharacterized compounds 1s

an important part of the field of organic chemistry.

The identification is usually effected by, first,classi-

fying the unknown as to the type of compound, and,second,

reacting the unknown with organic reagents wnich will

give gpeciflc reactions characteristic of the functional

sroucs present In the compound. The unidentified com-

pound 1g characterized by comparing the melting points

of the derivatives thus prepared with the melting points

of the derivatives of known compounds of that class, The

compound le identified when the melting points of the

respective derivatives are the same. If the compound is

completely new, a percentsge composition determination,

in addition to the melting points of the derivatives, is

necessary to charascterize the compound.

The emino acid, @-alanine, 1s a constituent of the

protein panthothenic acld whieh is a growth factor in

yeasts. 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 premezre them in this study are the ones used to pre-

pare the derivatives of the A-amino ecids. The pre-

paration of the known derivative and several of the new



derivatives is the object of this thesis. If the melting

points of the derivatives of @-alanine are known then

it could be identified much more readily should it appear

in the course of eny study.



II, PROCEDURE

I'ne derivatives of (-alanine were prepared as

follows:

The p-toluenesulfonyl chloride derivetive was

prepared by reacting } -alanine with p-toluenesulfonyl

chloride in an alkali medium, to form the p-toluenesul-

fonamide derivative of f-alanine, The derivative was

dried end gmelting point taken. A welghed sample of the

derivative was titrated with a standard basic solution

to determine the molecular weight.

The benzoyl chloride derivative wes prepared by

reccting (-alanine with benzoYl chloride in an alkali

medium to form the benzamlde derivative of (-alanine.

The derivative was 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 phenyllisocyanate derivative was prepared by re=-

acting 8olorine with phenylisocyanate in an elkalil

medium to form the phenyl urea derivative of @-alanine.

The derivative was dried znd dnelting point taken. 4

welghed sample of the derivative was titrated with 2

gtandard besic solution to determine the molecular

welcht.

The «-navhtnylisocyanate derivetive wes prepared

&gt;y reacting B-alanine with «-~naphthvlisocvanate in an



alkali medium to form the a -naphthyl urea derivative of

@-2lenine. The derivative was dried and a melting point

taken. A weighed sample of the derivative was titrated

with 2 standard basic solution to determine the molecular

welsht.

The vhenylhydantoin was prepared by first reacting

@ -alanine with phenylisocyenate in en alkali medium to

form the vhenylhydantoin acid end then tolling the rhenyl-

hydentoin acid in dilute hydrochloric acid. splitting out

a water molecule, and forming the phenyhydantoin derive

ative of 6B-alanine, 2 cyclic compound. The derivative

was dried and a melting point taken. A percentage com-

position determination was taker to d=termine the

pnercentace of nitrozen in the derivative,



IN RESULTS

The results of the experimentation are best ex-

pressed ln the form of a table as follows!

tit. M.W,

243.2

190.9

 KA-naphthyl urea 201-203 4. 256.2

phenyl urea 167.5 207.1

phenyl hydantoin 169.5

mpC

p-toluenesulfonamide 1105

benzamide

theo, M,W,

DU2

193

258

208

190



 NN. DISCUSSION OF RESULTS

The results show that the derivatives of Gd-alanine

cen be prepared in the same way as &amp; -amino acids. The

molecular weight determinations have verified, wlthin

experimental error, that the products of the reactions

are the desired products. The small discrepancies in the

molecular welghts of the products could probably be de-

creased with a greaterdegree of purificszstion. To get

closer agreement hetween the titration and the calculated

molecular weights, 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 peint reglon with

more care until the tempereture could be held quite steady

8t the melting point.

The six-membered ring is one of the most stable ring

structures and therefore, in the case of the phenvl-

hydentoin derivative, the six-membered ring structure is

assumed to have been formed, A good test to escertain

thet the compound is indeed the cyclic phenyl hydantoln

would be a percentage composition determination of this

compound. A nitrogen determination bv Dr. Nagy of the

M.I.T. chemical analytical laboratory showed 12.43 vercent

acainst 14.73 percent calculated. Crystallized from

ds lute 2lcohol., the compound could have two molecules

of water of crystallization which would olive a nitrocen

~Nevrveentare of 1 ~
ney



MI. CONCLUSIONS

l. The amino acid f-alanine hes derivatives core

responding to those of the o -amino aclds.

&gt; o The derivatives can, in most eases, be prepared

similarly to the wav in which the derivatives of the

A ~amino acids are prepared.



vil, RECCMIENDATICNKS

The derivatives should be produced in enough

quantity to take an average of a numcer of titrations

to determine the molecular welght more accurately.

fal A percentage composition determination could be

made on all the derivatives to ascertain that thev are

the desired nroducts.
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viii. APPENDIX



A. DETAILED PROCEDURE



p-Toluenesulfonamide Derivative of @ -Alenine

Place 267 mg. of @-alanine in an elght-inch tube

and add 7 ml. of 1 N sodium hydroxide solution. To

this solution add 700 mg. of p-toluenesulfonyl chloride

dissolved in 5 ml. of ether. Firmly stopper the tube

and shake it frequently over a period of ? to 4 hours or

shake mechanically for ? to 4 hours. Separate the ether

and the agueous lever and acidify the aqueous layer with

dilute hydrochloric acid to a pH of 4 to 5 using Congo

red or Universal indicator. The derivative separates

out uvon cooling. ‘If the deriveilve separates as an oll,

scraten the side of the vessel to induce crystallization.

Filter the crvstals and recrvstalliize from hot water.

The derivative separates as short white needles with

a meltingpoint of 118° ¢. 4 molecular welght determinea-

tion of this derivative was carried out as described on

pee |B. The molecular weight determination verified

that the product wee the desired derivative.

The ecuation for the chenical resction 1s ag follows?

CH,

0.5Cl

| + NH, cu cH, coon NaOH

CH,

+HC\

0,5-NHCH, CH, COOH



Benzamide Derivative 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 add 0.3 ml. of benzoyl chloride. Firmly stopper

the tube and shake vigorously until the chloride 1s 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 uszing Congo red or Universal

indicator. Filter the crystals and recrystalllize from

not water. The crvsitals sometimes separate out slowly

sfter the acld is added ard scratching the tube mey be

necessary to induce crystallization.

The derivative separates out as white flakes with

a melting point of 93° Ce A molecular welght determina-

tion was carried out as descrived on pace [8 which veri-

fied thet the nroduct wes the desired derivative.

The ecustion for the chemical recciion ic 2s follows:

O

fc
i| +NH,CH.CH, cooH N20OH, f

O
C- NHCH,CH, COOH

HC
 ph



oo
7 Phenylhydantoin Acld Derivative of p-Alanine

(Phenyl Urea Derivative of e-Alanine)

Place 267 mg. of @~-alanine in an eight-inch tube

and add 3 ml. of 1 N sodium hydroxide solution and 5 ml.

of water. To this solution 2dd 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 occasional

sheking. Filter the insoluble diphenyl urea and acidify

the filtrate to a pH of 4 to 5 with dilute hydrochloric

acid using Congo red or Universel 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

0
a melting point of 167.5 CC. A molecular welght deter-

mination was carried out as described on pase I8 which

verified thet the nroduct wee the desired derivative.

The equation for the chemical resction is as follows:

N=C=O

CO) NH, CH, CH, coon NaOH

f

4"

f }

O
 In

+-C-NHCH,CH_ COON



4,  -Naphthylhydantoin Acid Derivative of @-Alanine
( ® ~Naphthyl Urea Derivative of (-Alanine)

Place 267 mg. of @-alanine in an eight-inch tube

ard add 3 ml. of 1 N sodium hydroxide solution and 5 ml,

of water, To this solution add 0.6 ml. of e -nanhthyl-

isocyanate, stopper the tube, and shake for 2 to J minutes.

Let the mixture stand for about 45 minutes with occasional

shaking. Filter the insoluble dl-A-naphthyl urea and

acidify the filtrate to a pH of 4 to § with dilute hydro-

chloric acid using Congo red or Universal indicator. The

 «K -naphthylhyvdentolin acid separates on acidification and

cooling. Dissolve the oo-narhthylhydantolin acid in hot

alcohol, filter. and then add a few drops of water until

e permanent cloudiness results. The recrystsllized K-

naphthvlhvdantoin acid separates out on coolins.

The derivative separates out as white granular crystals

with a decomvosition point of 201-203° G. A molecular

welght determination was carried out as deseribed on pase

18 « which verified thet the product was the desired deri-

retive.

ihe equation for the chemical reaction is as follows?

rd

\N=C=0

T + NH, CH, CH, coo 1 NaOH{or

 Oo
H-N-C-NHCH,CH.COOH

a



5 Phenyl hydantoin Derivative cf (@-Alanine

Place 200 mg. of @-alanine in an eight-inch tube

and add 2 nl. of 1 N potassium hydroxide solution and

&gt; ml. of water. To this solution add 200 mg. of phenyl-

lsocyanate. Stopper the tube with a rubber stopper and

shake until the odor of isocyanate disappears. Filter

the insoluble dipnenyl urea and acidlfy the filtrate with

dilute hydrochloric ecid to a pH of 4 to 5 using Congo

red or Universal indicator. The vhenylhydantoin acid

separates on ecidification and cooling. Filter the

vhenylhvdantoin acid and transfer it to azn eight-inch

tute. Add 5 ml. of 10 ver cent hydrochloric acid solu-

tion and boil gently for about 3 minutes zrd cool when

the needles of the phenyl hydentoln separste out. Re=-

crystallize the phenvlihvdantoin from dilute clconol.

The derivative separates out as white needles with

a melting point of 169.5° C. This derivative was made

from a known and verlfied compound, phenylhydantoin

acid, so that the change in melting point indicetes that

the desired reaction has taken place and the compound is

the desired derivative. A percentoce commosition deter

mination would verify that the product is the desired

derivative,



Ihe equation for the chemical resction is as follows?

78

1=C=0 + HN KO H NI
HOOC CRH,CH,

7

S
N-C- NH
H |

HOC CH,C H,n_ 4
0

HC
x

H,O0+

7 oN
N

 Oo
i

N-C- NH
. I

C-~C- CH, CH;
0



of

Molecular Weight Determination

To make certein that the products chtained were

the desired derivatives, molecular weight determinations

were made. The derivative 1s an acid end, since there

are no interfering groups, titration with a standard

bagic solution is a method of determining the melecular

weights of the products derived. The standard basic

solution used was 0.1037 N sodium hydroxide. A dried

sample of each derivative was welghed accurately to four

decimal pleces. The weight of the sample teken was close

to thet which would require 10 ml. of the stendard base

to neutralize 1t. The derivetives were diesolved in 20

ml. of denatured zlcohol except for the K -napnthyl urea

derivetive wnich wag suspended in 20 ml. of alechol as

1t wes not soluble in the alcohol. The solutions were

then diluted with distilled water. The 20 ml. of denaitur-

ed elconol required 0.5 ml. of the standard base to neu-

tralize it end this was taken into account in the calcula-

tions. The number of ml. of the standard base required

to neutralize each sample was recorded. The molecular

weight. 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 formula!

M.W, = Whe sample x 1000
ml. base x normality base



The molecular welghts obtained from the titration

closely coincided with the theoretical molecular weights

verifying that the products obtained were the desired

derivatives.



a |

B. SUMILARY OF DATA AND CALCULATED VALUES

p=-toluenesulfonamide

Se
3
i
5.

melting point °C
welght of sample
ml. of NaOH
theoretical molecular weight
titration molecular weight

118.
0.2218 g.
8.79

243,
SHh3ZF D

henzamlde

2e
Se
h
~

melting point °C
welght of sample
ml. of NaCH
theoretical molecular welght
titration molecular weicht

93.
0.1642 g.
8e3

193.
190.9

X-naphthylnydantoin acld

Le
~~

ow
z
Je

4,
5.

melting point °C 201-20%. 4.
welght of sample 0.1765 g.
ml. of NaOH 6.65
theoretical molecular weight 258.
titration molecular weight 256,2

phenylhydantoin acid

te melting pointC
7s»  welght of sample

. ml, of NaCH

theoretical molecular weight
titration molecular welgsht

4)

167.5
0.2353 g.

10.95
208,
207.1

phenylhydantoin

1 i melting point °c 169.5

standard base solution 0.1037 N NaOH



C. SAMPLE CALCULATIONS

1 Wz —YLe sample x 1000
HeWe="1. LCase x normality base

For the pn=toluenesulfonamnide derivative

f.y.==0e2218 x 10000
Se WTO x 0.1037

—- 243, 2



0. LOCATION OF ORIGINAL DATA

The original data ere located in the thesis

research notebook of Arthur F. Emmett.
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