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ABBTRACT
PART 1

Pel&ragraﬁhic Determination of o« Methyl « DL - Cystine

A method of determining o methyl - DL - ¢ystine
became necessary because of the synthesis of this alpha
substituted amino aecid. The polarographic determination
of the substance in G.IN hydrochleriec scid, using thymol
as & maximum suppressor, was investigated. The relationship
of the diffusion current to the compound and %o the
temperature was studied. The influence of the thymol
concentration and pH on the mpparent half-wave potential
was determined. A linear relationship of the diffusion
current to the concentration of &~ methyl - DL -~ cystine
was observed in the range of 5 x 10~% to 2 x 1072 #. The
systenm is not reversible. \

PART 11
Synthesis of Alpha Substituted Amino Aclde
The chemlical and physiological importance of alpha

substituted cystine for further studies are discussed, 4

(11)
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literature survey was made of synthesized alpha substituted
amino acids and methods of aynthesis., Three different
methods the Jtrecker, the Schmidt and the Curtiue were
used experimentally in the attemplted synithesis of o -
phenyl cystine,

(i111)
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PART I

POLAROGRAPHIC DETERMINATION
OF
X - HETHYL - DL - CYSTINE
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CHAPTER 1
INTRODUCTION

The synthesis of o = methyl -« DL - c¢ystine by
Arnstein (1), which has been confirmed in this laboratory
(6), made it desirable to establish a method of analysis
for this compound.,

Cystine has been determined colorimetrically, by
Chinard and Hellerman (2), by reduction of cystine and
uging reagents which form colors in the presence of free
sulfhydryl groups. Cysiine can also be determined polaro~
graphically, and studies of this type have been reported
by Kolthoff and Barnum (3).

Because o - methyl - DL - cystine has a structure
similar to oystine, it was thought feasible to attempt a
polarographic estimation.

The oxidation potential of the biologically
important cysteine-~cystine system has been the subject of
many investigations (4). However, the reduction of cystine
at the dropping mercury elecirode has recelved very little
gttentlion from investigators in the field, until the work
of Koltheff and Barnum (%) in 1941 and Kalousek, Grubner
and .Tochstein (9) in 1955.

Brdicka (5) found that when gystine was electro-
lyzed, in a buffer solution of O.IN ammonium chloride and
0.I8 ammonia, a polarographlec wave was aﬁ%ainaﬁ, the height
of which was observed %o be proportional to the conceniration
of cystine. A somewhat more detailed study was made by
Roncato (4).
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He studied the polarographic reduction of cystine in une
buffered neutral, ascid, and aslkaline solutions of lithium
chloride. However, his waves cannot be subjected to an
exact analysis as hip solutions were unbuffered (8) and
the reduction potential depends on the pH;

RSSR + 28" + 2¢ ———» 2 BRSH

Eolthoff and Barnum found that cystine waves have
peculiar characteristics and their interpretation is guite
involved., They found that the additlion of capillary-active
substances such as phenol, thymol, gelatin or eamphar
suppressed the maximum. However, varying resulis were
obtained and from a practical viewpoint thymol was found %o
be the most suitable for the elimination of the cystine
maxinum, Therefore, it was decided to adopt it for the
determination of o - methyl - DL - cystine,

Kolthoff and Barnum found that the analysis of the
current-voltage curves shows that the reduction of c¢ystine
at the dropping electrode does not occur reversibly and
that the pH has & marked effect on the reduction potentlal.
They also found that cystine may be determined polarograph-
ically at & pH of 1 using thymol as the maximum suppressor.
The diffusion current was found to be proportional to the
concentration.
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CHAPTER IX
EXPERIMENTAL

The o -~ methyl - DL ~ cystine, prepared in this
laboratory (6), was recrystallized three times from
abasolute ethanol prior to use in this atuéy. A stock
solution of 1 x 1072 # o - methyl - DL - cystine was
prepared in 0,.IH hydrochloric acid, A 1.2 x 1%“5 M thymol
solution in 0.IF hydrochloric acid wus prepared for use as

. & maximum &upyraaaarg- The 0.IN hydrochloric aclid was used
as the supporting electrolyte as well as the solvent. The
solutions used for analysis were prepared in 100 ml.
volumetric flasks by adding the appropriate amounts 0f X -
methyl -~ DL - cystine and thymel from these stock solutlions,
and diluting to volume with O.IF hydrochloric acid or
buffer.

The solutions were transferred 1o & polarographic
cell and nitrogen (purified by paesing through ammoniscal
cuprous chloride) was bubbled through for 5 minutes to
remove the oxygen sbsorbed by sersztien,”

A Bargent (B. H. Sargent & Co,) Hodel iXI polaro-
graph wes employed for the study. A Heyrovsky polaro-
graphic cell was employed throughout most of the work; an
Hwcell with saturatedcalomel electrode (8.0.B.) was used
to determine the half-wave potential (B%). Polarograms

were run through the range of 0.0 to ~1,0 volts. The drop
rate was adjusted to 3 seconds and the temperature controlled
to © 0.1°C. Bach polarographic determination was done in
triplicate snd the resulits reperted as an average of these,
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This is a typical example of a polarogram of o - methyl -
DL - cystine. The determination of the height of the
diffusion curve and the distance for the half-wave
potential are shown.
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6

Ko damping was used in r@eeréing any of the polare
ograns obtained for this study.

The diffusion current was measured from the top of
the first wave to the top of the mecond wave as there
occurs a prewave with thymol (Figure 1). This type of
prewave also occurs with cystine and has been studied by
Kalousek, Grubner and Tochstein (9). '

Except for the study of diffusion current depende
ence on temperature, where the height of the diffusion
current reyrﬁsantavgga prewave plus the top wave, the
diffusion ﬁurrﬁﬂtﬁ:&mé half-wave potentials are based on
the top wave only wherever s prewave occurred.

The diffusion current was calculated by messuring
the helght, h, of the polarographic wave in nillimetera
(Pigure 1) and substituting into the following relation-
ship:

1@ = Bens. X h
where iﬁ is the diffusion eurrent and Sens.
represents the sensitivity.

Boile Sensitivity, Sens. = 0.020 pa per mm.
Height of wave, h = 169 mnm.
Thereforet i@ = (0.020 x 169
All diffusion current values are reported to X 0.005 pa.

The half«wava p@t@ati&ls'wera caleulated by
measuring the distance in inches from 0.0 volis to the
middle of the diffusion curve, as shown in Figure 1.
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This information was then substituted into the
followings
By = {1/13.5) x &

where 1/13.5 is & constant for the polarograph (a polarc-
gram is 13.5 inches long for every span; since the span
uged is 1 volt, then 17%.% inches represents 1 volt on the
polarogram, and the voltage at any time is 1/13.% of the
distance in inches from the beginning of the span) and 4

is the distance in inches from the beginning of the polaro-
gram, which was 0.0 volt, to the half-wave potential.

Celln Distance, 4 = 7,27 inches
Pherefore E& m {wl/13.5) x 7.27
= (3,538 volts

All potential values are reported %o % 0,005 volt.

Half-wave Potential

The half-wave potential (%} measuremnents were
determined for solutions contalning 1 x 1Q*$ m of~ methyl -
DL ~ cystine with 1.2 x 1@“4 K thymol, as the maximum
suppressor, in 0.IN hydrochloric acid and 1 x 1077 8 of -
methyl - DL - cystine with 4.8 x 10~% thymol in 0,IN
hydrochloric aeid. The potentials were measured 1in an He
cell againest a saturated calomel electrode (8.C.E.) with a
Leeds and Horthrup student poientionmeter in order to sub-
stantiate the vallidity of the apparent applied potential of
the polarograph.

The half-wave potentials were determined from the
polarogram as shown in Flgure 1 and following the
ealoulations on pages 6 and T. The potentials were
observed to be -0.555 and ~0.718 volt for thymol
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8
concentrations of 1.2 x 10~% and 4.8 x 1074 m, respectively.

Capillary Congtant

The ﬁapillary Constant (mg/j l/6) was calculated
at 25 ¢ anﬁ =0.55% volts.

Drop rate, t, was 3.00 seconds

Wass of one drop of mercury a} 0.00774 g
b) 0,00772 &
¢) 0.00773 g
Average mass of mercury was 0.00775 ¢

Hass of mercury, m, per second in miiligramg was

0.00773 _x_ 1000
3
Therefore mZ/B tl/6 = 2¢372/3 x 31/6

= 2,57 mg / sec

= 2.253

Bffect of Concentration on Diffusion Current

The effect of concentration of K « methyl - DL -
cystine on the diffusion current was studied at five
different concentrations., JSolutions of o -~ methyl - DL =
cystine (2 x 1077, 1.5 x 1077, 1 x 1072, 7.5 x 10~%, and
5 x 107 -4 #) were prepared with 1.2 x 10 -4 W thymol as the
maximum suppressor and 0,IN hydrochloric acid as the
supporting electrolyte. rolarograms were obitalned at 250,
30% and 37.590, respectively.

The diffusion currents were determined (Table 1)
by measuring the height of the polarographic wave, as
shown in Figure 1, and following the calculations given
on page 6.

ASSUMPTION UNIVERSITY LICRARY
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TABLE I

EFFECT OF CONCERTRATION ON DIFPUSION CURRENT

Concentration Diffusion Current,

X~ flethyl = | Microamperes®

DL - CGystine,

¥Mole/Liter 25%. 30°¢C. 37.5%.
2.0 x 1003 8.66 83.89 B.03
1.5 x 1077 6,42 6,78 6.0%
1.0 x 1077 4.19 4.60 3,98
7.5 x 1074 3,64 3453 3,06
5.0 x 1074 2,28 2.%6 2,01

a Average of three determinations.
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10
Diffusion Current Dependence on Temperature

Polarograms of 1 x lQ”§ M o« methyl - DL, - cystine
using 1.2 x 10“4 # thymol were run at temperatures ranging
trom 0° to 45° ¢ (Table IL).

Iffect of Thymol on Apparent Half-Wave Potential

Studies were wmade on the effect of thymol concen-
tration on the shape of the polsrographic wave., 3olutions
of 1 x 10”3 M o= methyl - DL - cystine were analyzed at
thywol concentrations of 2.5 x lﬁ“ﬁ, 1.2 x 10“4, 2.4 x
10”4 ang 4.8 x 107% M. The value of the apparent half-
wave potential was calculated (Teble IV). There was a
change in the shape 01 the y@larﬂ@raphiﬁ~Wave {Figure 2).

Effect of pH on Apparent Half-Wave Potentisl

Solutions of 1 x 1072 M o - methyl - DI - cystine
were prepared using media of various pH levels according
to Clark and Lubs (7) with 1.2 x 10”% # thymol. Stock
golutions of 0.2 ¥ potassiwn chloride, 0.2 M hydrochloric
acid, 0.2 ¥ potassium acid phthalate, and 0.2 ¥ HaQH,; were
prepared. The solutions for analysis were prepared in
100 ale. volunetric flasks by adding appropriate amountis
irow these solutions (Table III).

All pH measurements were made with a Beckman Model &
pH meter, The solutions were analyzed at 21.1%¢ and the
apparent hali-wave potentials were determined (Table III).
There was & distinet difference in the shape of the curves
(Figure %}.
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TABLE I1

EFFECT OF TEMPERATURE ON DIFPUSION CURHERT

Temperature,

°%. Diffusion Current, pMa.
0.0 4.28 4.26
11.5 5.28 5.28
19.0 5.68 5466
2245 6.00 6.00
2540 6.22 6421
30.0 6.54 6.64
35.0 7.06 T.04
40.0 T.36 7.36
45.0 8,00 8,00
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TABLE III.

12

EFPECT OF pH ON APPARENT HALF-WAVE-POTEHTIAL

p® | Medium Used® Apperent Half-Wave
Potential, Volt

0.12 1IN HC1 0,318 ~0.320

1.10 0.2 KC1 + 64.5 ml, 0.2§ HC1® -0.537 -0,540

1.97 0.2 KC1 + 10.6 ml. 0.2 HC1® -0.597 ~0.575

5,00 0.2 Potassium acid phthalate ~0.663 -0, 6006
+ 20.3 ml, 0,28 HC1®

5448 0,28 Potassium acid ﬁhtﬁ&l&tﬁ =0.T727 -0.726 ‘
+ 6.0 ml. of 0.2 HCLC®

%,96  0.28 Potassium acid phthalate -0,810 =0,800

+ 0,40 mle 0.28 NaoE®

]

® yalues represent final solution to be analyzed.

® Buffers were prepared according to Clark and Lubﬁ'(?).

¢ Amount of acid or base required to yre?&re 200 ml, of

buffer solution.
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TABLE IV

EFFECT OF THYHOL CONCERTRATION ON APPARENT

HALF-WAVE POTENTIAL

RIS IR SN SRS IR A M S S S s e SR n SR R an A S NS I i e i A s S s s Ay RBBHMERIWBVRIZBUR

Thymol
Concentration Apparent }S%, Temperature
tiole/Titer Volt %.
2.4 x 10™° ~0.343  ~0.34% 21.7
1.2 x 1074 ~0.555  «0.555 21.9
2.4 x 1074 ~0.652  =0.652 21,9
4.8 x 10°4 ~0.72%  =0.723 18.2

R A R R R R R N N R RS SR R I R I S N R I s I A T e s e s

ft bt R A o
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N

O 0-2 0-3 04 05 0-6 07 08 09
VOLTAGE VERSUS MERCURY POOL

FIGURE 2

Effect of thymol concentration on shape of polarogram

1. 2.4 x 10”71 3. 2.4 x 10"%
2. 1.2 x 10" % 4. 4.8 x 107M
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CURRENT, MICROAMPERES
o
I

| l I ] ] I 1
[oF 02 03 04 05 06 07 08 0-9 -0

VOLTAGE VERSUS MERCURY POOL

PIGURE 3

Effect of pH on apparent half-wave potential
(See Table III for buffers)

1. pH 0.12 3. pH 1.97
2. pH 1.10 4, pH 3,00

5. pH 3.96
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16
Effect of Digestion on Polarographic Wave of o -~ Methyl -
DL =~ Cystine.

In order to ascertain that no substance in the
reagents was® responsible for the wave obtuined with of «
methyl - DL -~ cyetine duplicate samples of 1 x i@”z B K=
methyl - D « gcystine were digested according to the method
of Koch and wcHMeekin (10).

5 mls of 1 x 16“2 B o~ methyl « I - c¢cystine were
transferred to a pyrex st tube, and 1 ml, of 1:1 sulfuric
acid was added along with & quartz pebble. This was heated
over & microburner 1o @vagoraﬁ@ the water, When.aharring
began and white fumes appeared in the tube, the sgize of the
flane was reduced. Heuting was continued unitil no furiher
blackening occurred. fThe tube was cooled for approximately
one minute, and then 1 drop of 30 per cent hydrogen
peroxide was added. The tube was heated to boiling. The
above procedure wag repeated until the solutlion was
decolorized. Finally the sixture was boiled gently for &
minutes. 1t was cooled and transferred to & %0 ml.
volumetric flass and diluted to the mark with O.IN hydro-
c¢hloric aecid snd thym&ia This procedure was done in
duplicave along with two distilled water blanks.

The polarographic analysis of the digests in O,IN
hydrochloric acide at 19.4° ¢. using 12 x 1@“$ i thymol
revealed that the charascieristic wave was absent in both
the blanke and the samples.”

Diffusion Coefficient and Reversibility of the xeaction.

The diffusion coefficient for a 1 x 1077 i
solution of X « methyl -~ DI, - gystine at 23“@;, uging
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, 17
1.2 x 18“4 @ thymol, was found by substituting in the
Tlkovi¥ equation.

i, = 607 n o ¢ n2/? (1/6

Where Capillary constant, mgfﬁ tl/é = 2,253
Diffusion current, i, = 4.19 pa
goncentration in wmillimoles, ©C = 1
Kﬁmher of electrons, n = 2

niffuaianrcueffieiaﬁt D= g

Substituting:

4,19 = 607 x 2 x ﬁ% X1 x 2.25%

-6

D= 2.5 x 10 amg per second

“he reversibility of the reaction was tested by
plotting E ve. log 15 -1/ ig for 1 % 10“3 M X« methyl -
DL - cystine at 20%C., for thymol concentrations of 1.2 x
10~% and 4.5 x 1074 ¥, respectively. The potential (®)
was measured vs. S.C.HB. at various points on the polaro-
grams and the diffusion currents calculated (Table V).

Straight lines were obtained for both thymol
eoncentrations with slopes of 0,0817 and 0.053% (Figure 4)
for thymol concentrations of 1.2 x 10°% and 4.8 x 107%
respectively. v

The half-wave potential QE%) was observed to be
~0.%555 and -0.718 volt for thymol concentrations of 1.2 x
104 and 4.8 x 10°% 4, respectively.
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TABLE V.

VALUES OF B AND i ~ 1 / 32

—— - o, - " o o -

Jevameagranduony

- -

Thymol Concentration Thymol Concentration

1.2 x 1074 u 4.8 x 10”4 u
E®, Volt 1y - 1 E%, Volt i, - i
12 12
~0.45 4.08 ~0.65 755
“‘0‘50 1043 “{)u67 :‘503’{)
-0.55  0.476 ~0.72 0.35

" . P d - (—— o i1 i -

& The potential (E) was determined in an H-cell
vs. S.C.E. at 20%,
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FIGURE 4

l

. . .2 ‘
Voltage is plotted against log i - 1 / i¢. Curve (1)
represents 1.2 x 1074 n thymol in 1 x :l.0="'3 M o - methyl -

DL - cystine; (2) represents 4.8 x 10~4 M thymol in 1 X
1073 M - methyl - DL - cystine.
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CHAPTER I1I
SUMBMARY

The effect of concentration of o« methyl ~ VL -
cystine, using 1.2 x 1074 thymol as the maximum
suppressor and v.I¥ hydrochloric acid as solvent and
supporting electrolyte on the diffusion current, was found
to result in a linear relationship (Table L) A linear
relatienshig was aleo observed between temperature and
total diffusion current (Table II).

Tune higher the pil, the more nearly i-shaped the
polarograns became (Figure 3)., The polarograms had
different shapes (Figure %) and the apparent half-wave
potential was observed %o éa@r@aaa with increase in piH.

Vi Polarographic snalysis of the digests revealed that the
characteristic wave was sbsent in both the blank and the
sanples of o= methyl - UL - cystine. ‘“his was taken as
evidence that no substance present in the resgenis was
responsible for the wave normally obtained with o= methyl
- L - cystine.

The value of the apparent half-wave potential
changes with thymol concentration (Table iV) becausge of a
change in the shape of the polarographic wave (Figure 2).

A well defin@ﬁ b~$h&§edcarve occurred at & thymol
aa&eantratian of 4.8 x 107 ~4 e By aubst&tutina in the
I1kovi¥ equation, the diffusion coeifiecient 10or 1 x 10
o= methyl - DL - oystine at 25°C., using 1.2 x 10”4 u
thymol, was found to be 2,35 x 1@“§ am% per second; the
diffusion current was 4.19 pa. and the capillary constant

uﬁﬁ

20
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2.25%, The value of the diffusion coefficient obtained is
of the same order as that reported by Kolthoff and Barnum
(3) for cystine (5.3 x 10™8 om? per second). The value
for the substituted cystine is less because of the greater
bulk effect of the molecule.

The reveraibility of the reaction was tested by
plotting B va. log iﬁ -1/ ig for 1 x l@“§ M X~ methyl -~
DL - cystine at thymol concentrations of 1.2 x 10~% and
4.8 x 104 % which revesled straight lines with slopes of
0.0817 and 0.0533%, respectively (Figure IV). These values
differ from the theoretical slope (0.0295). 1In this
respect the resulis are similar to those of Kolthoff and
Barnum (3) and Kalousek, Grubner and Tochstein (9), who
concluded that the cystine reduction is not reverasible.
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CONCLUSION

The analyses of the curreni-voltage curves show
that the reduction 0f o« methyl - DL < ecystine at the
dropping mercury electrode does not occur reversibly and
that the reduction potential was markedly affected by pH
and by thymol concentration. The diffusion current was
found to be prdéportional to the concentration of K-
methyl -~ Di, - cystine as well as to temperature. SHolutions
0f oK m@thy1'~ DL -~ cystine may be determined polaros
graphically within the concentration range of 2 x 10~ to
5 x 10°% 1 using 1.2 x 10°% ¥ thymol as the maximum
suppressor and 0.IN hydrochloric acid as solvent and
supporting elecirolyte. |
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CHAPTER I
INTRODUCTION

From the comparison of the polarographic results
of cystine by Kolthoff and Lingane (3) and of o -
methyl - DL - eystine in this laboratory (11) it was felt
that it would be of interest to astudy the effect of other
gsubstituent groups in the alpha position 0f c¢ystine. The
object of the study is to investigaste the steric effect
on the half-wave potential, the diffusion current, and
the shape of the polarogranms.

In order to carry out thie investigation the
synthesis of the followling compounds is necessary; o -
ethyl cystine, o -propyl cystine, o«-isobutyl cystine,
<-isopropyl cystine, «-2° butyl cystine, o ~phenyl
cystine, oC~naphthyl cystine, and o -~ tertiary butyl
cystine., It is 1o be noted that the above compounds
represent different degrees of steric effect which should
then be manifested by & change in the half-wave
potential, the diffusion current, and the shape of the
polarograms.

Cyastine and cysteine constitute a typical
oxidation-reduction system, each half of the systen
differing from the other by two electrons and two hydrogen
atoms (12)s

2 cysteine ——— Cystine + 28" + 2e

24
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The oxlidation of c¢ysteine can be effected by aitmospheric
oxygens

2R~SH (02) | Reg-s-m

However, this is & slow process and i{ can be enhanced by
such metals as iron (13), nickel and manganese (14).
Cystine is usually reduced 1o cysteine by the action of
tin metal on hydrochloric acid solutions of cystine (15)
or by hydrogen with & catslyst.

The presence of both acidic and basic groups in
the anino mcid molecule leads to partial internsl neutral-
ization with the formation of a dipolar ion {16):

R R
t ]

Hﬁ*ﬁﬂgﬂ?wﬁﬁﬁﬁ"::: Kﬁ*ﬁﬂgw?*gﬁﬁ

Zwitterion

The dipolar ion produces & saltlike charascter and gives
amino acids & high melting point. Hany decompose before
they uelt,. K- Amino acids, like o~ hydroxy acids,
form cyclic derivatives. The formation of these cyclic
diamides interferes with a gimple synthesis of polyamides
{(proteins) (17).

Cysteine has three functional groups: the
sulfhydryl group (-8H), the carboxyl group (-CO0H) and
the smine group (»ﬁﬁﬁj a8 shown by the following
structures

58794
ASSUMPTION UNIVERSITY LIBRARY
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B

Ew@»ﬁmb~8\9ﬁ

H §H,

Structure of Cysteine

Thus if substitution could be effected in the alpha
position it should have an influence on the reactivity of
these funciional groups.

Amino acids readily form chelates with copper salts
if a primary or segondary &mima‘graup is close to the
carboxyl group (18). In general, cysteine has the basic
requirenents of a chelating agent with the acid group
(=-COOH) and the basic anine group (*ﬁﬁ2) both situated so
as to form & six-membered, strain-iree ring.

Amnino mercapytans also react with acgueous solutions
of heavy metal salts to form highly insoluble mercaptides.
Kolthoff and Sticiks (19) obtained the copper mercaptide of
cystine, RSCu, by reacting cystine with cuprous chloride
in near neutral solution. Lead, zinec and meraury also
readily form mercaptides (20).

Bubstituent groups affect the acld base strength as
well as the solublility of these complex ions. The adaitibn
of hydrocarbon substituents generally decreases the
s0lubility of the precipitate and so increasses the
effectiveness of the agent (21). It would be of interest
to study the influence of various hydrocarbon groups in
the alpha position of cystine on the solubility of their
chelates. It would also be interesting to study the effect
of these subatituent groups on the chelating strength of
the substituted cysteines.
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In biochemistry, cyeteine und glutathlone are often
referred to together because they undergo similar
reactions and have similar physiological effectis.
GGlutathione is a tripeptide which i@ blosynthesized from
the component amine acids L-glutamie acid, I~cysteine and
glycine (22)1

00 - NH = CH - CO = NH
§ ¥ ¥

oy gnp o
CH, S5H COOH
1
?H;%ﬂg
COOH

Structure of HReduced Glutathione (23%).

Cyateine and glutathione form an oxidation-
reduction equilibrium which is common with thiol-
disulfide systems (24)3

2G68H + C8BC —= G886 + 208H

Rapkine (25) and Dickens (26) found that cysteine
and glutathione combine with halogen acids glving the
thio ethers of cysteine and glutathione. According to
Rapkine, the reaction with cysteine is faster than with
glutagthione. Purthermore, the rate of reaction with
cysteine was dependent on the pH value of the solution.
Hot all halogen aclds react with thiols; cysteine was
found to react with lodoacetate, bromoacetate, and
chloro~ancetate, but not with fluoromcetate:

R=8H + Hal«Cﬁgﬁﬂﬁﬁ" —_— R$6E2~360“ + H-Hal
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The rates were those of bimolecular reactions. It
would be of interest to see if substituent groups in the
alpha position of cystelne would have any effect on these
reasction ratess At least the steric effect of these groups
on the rate of saponification of the ethyl esters of the
alpha subatituted cystine should be significant.

most of the sulfur proteins in the body are
represented by the methionine and c¢ystine present,
though small smounts of cysteine can be found. Cystine

- is produced in the metabolic breakdown of methionine,

which is an essential amino acid (27)s Therefore, it is
possible to repluce cystine with methionine; however,
the presence of c¢ysitine in the diet decreases the demand
for the formation of cystine from methionine.

Cysteine participates in s novel form of detox-
ication in the formation of mercapturic acids (28).
Aromatic hydrocarbons and nany of their monohalogenated
derivatives are conjugated with cysteine in the body,
the cysteine moiety is then acetylated, and the resulting
mercapturiec acid excreted in the urine. These include
benzene, polycyelic hydrocarbons (e.g. navhthalene), and
ring halogenated hydrocarbons (e.g. bromobengene).

The sulfhydryl and disulfide groups present in
anino acids, peptides, proteins, snd enzymes are known
to play laportant biological and physiological roles (29).
Cysteine has been found to be in intact protein wolecules,
but is only obtained in the products of protein hydrolysis
if precautions are taken against oxidation, since the {~HH)
of oysteine is readily converted to the (-~ 8 -~ § ~) of

© o= o pystine.
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The sulfhydryl greups of protein have been found
t0 be essential in the reactivity of a great number of
enzynes and ss binding sites between protein and some
progthetic groups. Many ensymes contain sulfhydryl
groups derived from the side~chains of cysteine residues.
Blockage through chemical transformation of these groups
resulte in inhibition of the enzymes (30). An example
is the conversion of sulfhydryl groups %o disulfides
with oxidantes such as ferricyanide:

y Boal Perricyanide
2 R-8H —of

R~8~5~R

Enzynes catalyze the combinstion of the protein
moiety with the substrate to form the "Michaelis~ienten
enzyme ~ substrate complex". This complex then breaks
down to yield the enzyme plus the product. For example,
D - glyceraldehyde - 3 -~ phosphate dehydrogenase converts
3 -~ phospho - glyceruldehyde to 1 - 3 - diphosphoglyceric

acids
: L kﬁ
Enzyme + Bubstratc ;"T:_ E~3*—¥> Engyme + product.
&
2

# "yichaelis-llenten Complex"

The formation and dissoclation of the HMichaelig-
Wenten Complex, as well as the equilibrium constants (kl’
ky and iﬁ) are influenced by the side chalns of the
protein molecule which contain sulfhydryl, amine, amide,
carboxyl, and phenol groupe. Therefore, it would be con-
ceivable to think that a aubstitaanﬁggau@ in the alpha
position to one of these groups would have sonme iﬁflm@ﬁﬁ@
as well.
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It has been found that sulfhydryl content increases
steadily with cell growth and reaches a maximum just be-
fore cell divislion. Upon divislon the sulfhydryl content
at first is low and increases again until the second
divieion occurs, To illustrate this, Rapkine (31) added
small amounts of mercuric chieride to fertilized sea
urchin eggs until mitosls was arrested completely.
#itosle was again initisted when cysiteine was added.

It has also been found that there is a greater
amount of thiol present in tunorous tissue than in non-
tumorous tissue: The mechanism of thiols in the growth
and division of cells is unknown. If, however, an
unreactive sulfhydryl protein could be substituted for a
reactive one then the rapid growth and division of cells
in a tumor could be arrested. That is, 1f an unreactive
amnino mcid, such ss an aslpha substituted cysteine, could
be substituted for a reactive amino scid and inhibit the
enzyme, the reéaction will only go as far as the Hichaelis-
Hlenten Complex snd would not break down into the desired
product, thus slowing down the overall process. In
other words it would act as a metabolic antagonist:

Enzyme + Substrate S —» Ho oroduct
{unreactive)

The effect of loniging radiations upon the sulf-
hydryl and disulfide groups is of primary concern in
radiation biochemistry, and has been recently reviewed
by Barron (32). Cysieine and cystine have long been
the object of radiochemical investigations because the
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information from such studies la of help in understanding
the radistion chemistry of more complex sulfhydryl and
disulfide compounds.

lonigling radiation oxidizes the sulfhydryl group
(-SH) to the disulfide (=5-5-). ©Thus radiation inhibits
sulfhydryl enszymes snd lowers free sulfhydryl groups
easential in cell growth. Sulfhydryl compounds such as
glutathione and cysteine sre more susceptible to oxida~
tion by radlation than most sulfhbydryl enzymes. ratt et
ale (3%) and Chapman et al. (34) found it possible
experimentally to protect rats asgainst lethsl doses of
radiation after injeetimg them with éyataine or gluta~
thione, Therefore, derivatives of cysteine may be a
step closer to the problem of radiation sickness.

The metabolism of the anino seids involves
deanination and formation 0of the corresponding keto
acide preliminary to oxldation and the production of
energy. The aalno group of certain amino scids are
transferred to the xeto acid corresponding to the amino

~acld, thereby effecting amino scild - keto acid inter-
conversion (35). This process is called transamination.
The overall resction may bﬁ‘réyre@@nt@@ by

, Transasinase ,

R 8B Pyridoxal B R

' ' Phosphate t '
FH,~C-ll + 0=C = =0+ HH, =G~

] ¥ ¥ L]
COOH ™ CGOOH Coon COOH

However, it was found by Umbreit (36) that o -
methylglutanic acld inhibits decarboxylation, glutamine
breakdown snd glutametransferaseyand ls inert to trans-
amination and dehydrogenation. Ailpha methyl substituted
aliphatic amine aclds (such as alanine, valine and serine)
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were inert to setabolie reactions. Thus, AT iz feld that
alphsa aubstituted cyslelnes would aleo be worth studying
a8 wetabollic antagoniatse.

Yarious Tlsvoproteins usuelly catalyse the
oxidative deaningilon of aolno selds. jlowever, deanliise
tlon of sone salno sclde ls brought about by sesans of a
non-oxidative resction with enzymes. Jleasination of
sygteine can be eifscied by oystelne desulihydrasze which
catalyzes the renoval of the sleaentes of lydrogen sulilde
froa eyeseins {(57):

B =B - ‘efg cH,
- "

S
s

51
T 2
yi*\ft
%
R
AR,
Sw
Tt
ki
\

BH ng‘;_-i:f}%

L = Qysteline l

0, E PG il
§ﬁ§ b w00 - HE=Cw{ 00

it can be seen fros the above sechanism that I
the alpbhe bhydrogen were substltuted that, usleas this
substituent group was renoved by oysteine desulfhydrase,
the resction would be Inkiblited and the substitute cysmteine
would set e an anti-setsbolite.

L-Uysseine ig converted 1o L-oysteine sulfinic meld
in the liver which then is further metsbolized (58):
Gl CHy=50,H
(R LU N
= ¥
B

Imcyathine ~eyateine sulfiniec aoid
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Here again it would be interesting to see 1f steric
effect has any influence on the reaction.

Therefore, it can be seen that the synthesis of
alpha substituted cystines could lead to further studies
which are of importance in the metabolism of cysteine
and cystine,
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CHAPIER I1

LITERATURE SURVEY OF o - AMINO ACIDS SYNTHESIZED AND
METHODS OF SYNTHESIS

The methods of alpha substituted amino acid
synthesis reported in the literature are, for the most
part, modified methods based on the Streciker, Hofmann,
Schmidt, and Curtius reactions. J

The Strecker synthesis was employed by Arnstein (1)
in the synthesis of o~ methyl - DL - cystine. This
reaction consists of the reaction of a kKetone with a mix-
ture of ammonium chloride and sodium cyanide followed by
acid hydrolysis of the resulting amino nitrile. The first
stage of the reasction involves the formation of ammonium
cyanide which dissoclates into ammonia and hydrogen
cyanide. Reaction of ammonia with the ketone gives the
smmonia addition produet, which reacts with hydrogen
cyanide to give the amino nitrile:;

R R

! Kﬁ3 ' HCH
| I
ﬂﬁz

R R

v H,0,H" '

R = = 0 e B = ¢ = 00
] 2

: +
Eﬁz EH3 |

Hydrolysis with dilute acid of the amino nitrile
gives the amino acid.

34
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The Hofmann reaction was employed by Laing LLi (38)
in the synthesis of alkyl amino acetic aelds. 1In this
reaction, an amide is converted to an amine of one less
carbon atom by treatment with bromine (or chlorine) and
alkali., In effect the carbonyl group of the smide is

eliminateds;
R’ R . R
¥ Brg ' _ (1) OH ' o
Row 0 = COO0BE «==p R = { =~ COO0Et = B = ¢ = QOO0
t ' (2) 326 ! .
' ’ +
NH, NH-Br H

The reaction proceeds in two stages. The first
stage consiats in the formation of a bromoamide by the
substitution of broumine for one of the hydrogen atoms
attached to nitrogen esnd in a position activated by the
adjacent carbonyl group. In the second stage, the
bromoamide when warmed with excess alkalli rearranges to
an isocyanate which is hydrolysed in the reaction mediunm
to the carbamic aeid. The carbamlc acid decomposes
readily to yleld carbon dioxide and the desired amine.

The Curtius reaction was used extanaiv@ly by Gagnon
et al. (39) in thelr synthesis of o<~ amino acids. This
reaction is quite sisilar to the Hofmann reaction salthough
it does not suffer the same limitations. The reaction is
carried out on acid hydrazides which are prepared by
warning acid esters with a solution of hydraszine. The
hydrazides are converted into acld azides on treatment
with nitrous aecid. Azides on warming, decompose into
isocyaunates as in the Hofmann reaction:
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0 0

7 Ny~ NH ; 0
R=C = 00,0, —2 5% R - C - NE-NH,

HONO y

HC1
However, the reaction is usually carrlied out by

warming the azide in slcohol producing the urethane, which
on hydrolysis yields the primary amine;

0 EWOH g Hy 1,0
R=C= Ny — 75N - G008t — 2o R-NH, + 00, + Et0H
34.

The Schmidt reaction involves the reaction of
hydrazoic seld with a carbonyl compound in the presence of
concentrated sulfuric acid or certain other acids such as
trichlorocacetic acid. it sffords a convenient wmethod for
the preparation of amines from acids according to the
following schemes

32304
R-COOH + ﬁ-ﬁg —_— ﬁaﬁﬁz + 392 + gz

This is & one step reaction and thus avolids
igsolation of intermediates; the yields often are higher
than by other wmethods. The mechanism proposed is that the
gulfuric acld activates the hydrazole acid which adde to
the carbonyl. The transient adduct then loses nitrogen to
give an intermediate whilch under the reaction conditions
is converted to an isocysnate. The isocyanate decomposes
to yield carbon dioxlde and the desired amine. That an
isocyanate is an intermediate in the reaction was
recently shown by Rutherford and Newman (60), an
isocyanate was isolated by these authors when 4 ~ phenan-
throic acid was treated under the 3chmidt conditions
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making use however of irifluoroacetic acid and
trifluoroacetic anhydride instead of sulfuric acid as a
reaction medium.

The Curtius, Hofmann, and Schmidt reactions are in
that order decreasingly mild and flexible (40), All three
can be carried out under anhydrous conditions, but only in
the Hofmann and Curtius reactions can an anhydrous alcohol
be used as a solvent. The Curtiue reaction lends itself
to the preparation of isocyanates, urethanes, and amines
with a wide choice of experimental conditions, The
Hofmann reaction is used to prepare the same type compounds
but the reaction conditions are more restricted. The
Schmidt reaction on carboxylic acids has been applied
primarily in preparation of amines.

Some alphs substituted amino acids and methods of
synthesgls are given in Table VI,
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CHAPTER 11T
PROPOSED SYNTHESIS OF o - PHENYL CYSTINE

Since o - methyl - DL - cystine was synthesized by
Arnstein (1), using the modified Strecker reaction of
Potts (57), and in this laboratory by a similar procedure
(6)y, it was, therefore, decided to utilisze this procedure
for the synthesis of o - phenyl cystine (Figure 5).
Phenacyl chloride {(Il1) was reacted with the sodiunm
derivative of o - toluenethiol (I) to give benzylmercapto-
acetophenone (II1). The cyanaminolysis of this compound
proved unsuccessful (Experimental A).

It was then decided to attempt the synthesis by the

Schmidt reaction (Pigure 6)., Sodium ethyl - o - phenyl =

& - cyanoacetate (VIII) was to be reacted with benzyl
chloromethylsulfide (IX) to give ethyl = o - benzyl-
mercapto - o « phenyl -~ o€ -~ cyanopropionate (X). This
wag to be converted to the acid and the Schmidt reaction
performed in a trifluoroacetic acid - trifluorocacetic
anhydride medium (60). It was decided to first attempt
the synthesis of o < aéina - o = phenylproplonic acid
48 this compound had similar steric arrangement to the
desired compound and has already been synthesized by
another method (42) (Pigure 7). However, no satisfactory
regults were obtained (Experimental B).

- Since the Strecker and the Schmidt reactions failed
to give the desired product, it was decided %o attempt the
Curtius reaction modified by Gagnon e% al. (39) who
synthesized several o¢ - amino acids by this method.
Again, the synthesis of of - amino - X« phenylpropionic

42
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acid was to be used as a model compound (Figure 9),
However, difficulty was encountered in the formation of
the urethane and decomposition of the azlde (Experimental
C)e
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f~CHo-SH + EtONa
I

f-CHoSNa + ¢.6‘9

CHpCL
II
2
f~CHp-S~CHa~C
g
III
CN
1
@§~CH,~S~CH,~C-@
] '
NH,
v
CN CN
' ) 4
f-C~CHp=5~5~CHp~C-f
1 '
NH, NH,
v

COOH COOH
' !
#-0-Clip=5-5-CHp C-f

NH NH
2
VI 2

FIGURE 5

PROPOSED SYNTHESIS OF &-PHENYL CYSTINE BY
STRECKER REACTION
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B-CH,CN |
v (g _Btona
S O=C-(oxt % o v
: $-C-Na + @=C~-S-C-Cl
| t ]
COOEt H H

CN
' 4 VII X
@~C~CH,~S~CH
~
COOEY Oz NQOH
X CN
. ]
@~C~CHp=-S~CHp~@
* w0 '
W 2 COONa
CN _ '
1 : X1
¢-(3-CH2—S-CH2-¢
COOH Schy ds
XII CN
1
@~C-CHy=S=CHy~@
]
NH
oN CN 2
' ' X111
f~C~CHy=S=S~CH,=C
. [ B )
*-
NHy NHp By B0 “
XIv ' Reflu,t COOH COOH
‘ 1 '
@$~C-CHy=S=5~CHy=~C~
1 t
NH, NH,
Xv
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PROPOSED SINTHESIS OF <= PHENYL CYSTINE BY
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CHAPTER 1V
EXPERIMENTAL A

Benzylmercaptoacetophenone (III)

Sodium ethoxide was prepared by treating 1.56 g.
of metallic sodium with 35 ml. of absolute ethanol, at
0°c. To this solution o - toluenethiol (I) (7.9 g. -
0.066 mole) was added with constant stirring. fThe
temperature rose to about 60°¢ and the mixture turned
amber in color. After 30 minutes, while stlrring,
phenaeyl chloride (II) {7.73 g. - 0.0% mole) was added in
one portion. The temperature rose 1o Sﬁgﬁ; The orange
colored mixture was stirred and cooling was effected by
means of an ice-water bath. Crystalligation resulted after
approximately ten minutes of standing, Within thirty
minutes the entire reaction mixture solidified. Nthanol
(25 ml.) was added to increase the mobility of the mixtare,
which was then added to water (150 ml) and thoroughly
aglitated. The light orange bengylmercaptoacetophenone was
recovered by filtration and air dried. The precipitate,
recrystallized from absaluts ethanol jial&eﬁ 9.8 g. (61.2%)
colorless needles m.p. 89°C ~ recorded 89°¢ (67), (g by =
DNP m.p. 168-169°C).

The yields in subsequent runs were increased to 95%
by ccntralling the temperature in all phases of the reaction
from 0-5°¢ by means of an ice-water bath.

ﬁ - Benzylmercapto - o€ - pming - o€ - Phenylpropionitrile (IV)

(a) Sodium cyanide (12.5 g. = 0.25 mole, 98% purity)
dissolved in 25 ml. water and ammonium chloride (14.5 g. =

49
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0.25 mole) dissolved in 3% ml. of water was poured into &
single~necked 500 ml. round-bottomed flask which contained
5%.5 ml. (0.2% mole) of concentrated ammonium hydrexidéq
The solution was agitated while benzylmercaptoacetophenone
(II1I) (30.2 g. - 0.125 mole), dissolved in 75 ul. of 9%%
ethanol, was added. The flasx was stoppered with s rubber
stopper, which was wired in place, and the mixture was
8tirred for 16 hours. The heterogeneous mixture was poured
on a mixture of ice and hydrochloric acid. A precipitate
formed which on recrystallization from ethannl ylelded
colorless needles (m.p. 399}; A mixture melting point
determination with an authentic sample of benzylmercapto-
acetophenone yielded no depression. The recovery of
starting material on several runs, with increased stirring
time from 24 to 72 hours, was approximately 92%.

(b) A procedure similar to that described above was
attempted with the following wmodificaticn. The mixture was
held at 60°C with stirring for times varying from 24 to 72
hours. Again starting material was recovered almost
quantitatively (98%).

"(e) The sbove procedure was again employed with the
addition of dioxane (250 ml.) and double amounts of sodium
cyanide and ammonium chloride., The mixture was then sat-
urated with ammonia gas and kept at 60°C with stirring for
16 hours. fhe solution was poured on a mixture of ice and
hydrochloric acid. 3Starting material was recovered
guantitatively.

(d) Benzylmercaptoacetophenone (30.2 g. - 0.125
mole) was added to a 500 ml. round-bottomed flask which
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contained an ethanolic solution (300 ml.) of 12.5 g
(0.25 mole) of sodium cyanide and 14.5 g. (0.25 mole) of
ammonium chloride., The flask wag sealed and the mixture
aglitated at 60°C in a water bath for 20 hours. The
contents were then poured on a mixture of ice and hydro-
chloric acid, Hecovery of starting material was 98%,

{e) Benzylmercapicacetophenone (6.0 g. = 0.025

mole) in 200 mls of ether was @dded to a 300 ml. pyrex gas
yreéaare bottle which contained & solution 6ed £e (0413
mole) of ammonium chloride and 6.0 g. (0.1% mole) of sodium
cyanide in 50 ml. of water. The bottle was stoppered with
& rubber stopper which wae held in place with adhesive tape.
The bottle wae then put on a shaxer for 48 hours., The

- etheral layer was separated and dried with calcium chloride.
After the removal of the calciun ¢hloride the ether was
removed in vacuo. The residual precipitate, welghing 6.0 g.
after recrystallization from ethanol, was found to be
starting material by a mixture meltving point determination,

‘ (f) Benzylmercaptoacetophenone (6.0 g. - 0:025
moles) was added to a 300 ml. pressure bottle containing a
solution of absolute alcohol (250 ml.) saturated with dry
ammonia gas and hydrogen cyanide. The hydrogen cyanide
£a8 Was pradaeeé by reacting 12 g. (0.5 mole) of sodium
cyanide with 111 sulfuric acid under a well ventilated
hood. The reactlion mixture was then treated with dry
ammonia gas until saturated. The pressure bottle was
gealed and placed on the shaxer for 20 hours. The contents
were poured on a mixture of ilce and hydrochloric acld.
Starting material was obtained agaln (92% recovery).
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(g) Benzylmercaptoacetophenone (6.0 g, - 0.025

mole) was dissolved in a solution of dimethyl formamide
(200 ml.) containing 6.0 g. (0.13 mole) of sodium cyanide
and 6.2 gs (0.13 mole) of ammonium chloride. The solution
was then saturated with dry ammonia gas. The bottle was
sealed and shaken for 72 hours., Upon analysis 90% of the
gtarting material was obtained,

HOTE: 4ll the preceding methods were attempted with

S——————

various modifications without any observable results.
Therefore, it was decided to attempt anoiber approach.

DAPTRIMENTAL B

Benzyl Chiloromethylsulfide IX

(ajd-@claene%hi&ll () (9.94 g« - 0.08 mole) was
added slowly with consiant stirring to a single-necked
100 ml. reaction flask containing a solution of sodium
ethoxlde prepared by reacting 1.8 g. of metallic sodium
with 2% ml. of absolute alcohol. Heat was evolved but the
reaction mixture was quicxly cooled with an ice-~water bath.
The resulting solution was kept at approximately 0% while
dichloromethane (6.0 g+ - 0.09 moles) was added with
stirring. After an hour a fine white precipitate of
gsodium chloride was formed on the bottom of the reaction
vessel. The precipitate was removed by filtration and the
excess ethanol was removed in vacuo. A white crystalline
substance remained. 7This substance was recrystallized fronm

1 Rubber gloves and the usual protection of a laboratory
coat is essential as oc« toluenethiol and benzyl
chloromethyl sulfide have a sirong disagreesble odor which
penetrates and lingers in the skin and clothing.

ASSUMPTION UNIVERSITY LISRARY
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benzene, to yield 6,1 g. of product (m.p. 44.8°C). This
did nevt have the physical properties of the desired
material, which is & colorless liquid, b.p. 120-125° at
1% mm.s the same crystalline substance was always obtained.
It was not considered expedient st the time to identify
this cryetalline material.

(b) 8ince the above procedure failed it was decided
to use the method of Bbhme and Fischer (61). Dry hydrogen
chloride was bubbled through a mixture of o€ - toluenethiol
(6241 g+ = 045 mole) snd 15.0 g« (0.5 mole) of para-
formaldehyde. The mixture was shaken continually and held
at temperatures between -15 to -5°C throughout the
resction. After 2 hours the solution became semi-solid and
would not absorb any more dry hydrogen chloride. Anhydrous
caleium chloride was ddded and the mixture was left to
stand for iweniy-four hours in a flass closed with a
calelum chloride drying tube., The aggregate was filtered
and the filtrate was distilled in vacuo under anhydrous
conditions at 1% mm. pressure. Bengylchloromethyl sulfide
was obtalned in the fraction 120-125°C with a 20% yield and
a refractive index atleaﬁ of 1,577%. This yield was quite
different from the 607 reported by Bohme and Fischer, but
despite repeated runs in smaller guantities the yields
never increased above 30%,

{(e¢) Because the yields were so poor for the method
described in (b); variations of this procedure were tried,
and better results were obtained with the following
procedures:

o« « Poluenethiol (12.0 g. ~ 0.08 mole) was added
t0o a mixture containing 5.0 g. of anhydrous calcium

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54
chloride and & large excess of (6.0 g.) of paraformaldehyde
in 60 ml. of benzene. This mixture was then treated with
dry hydrogen Qh&ariéez with constant stirring while the
temperature wes held between ~15 and -5°C. The dry
hydrogen chloride was added until the mixture became solid
(approximately 1,5 hours). HMore anhydrons calcium chloride
was added and the mixture was allowed to rise to room
temperature under anhydrous eonﬁitiana.§ After 24 hours
the 80lid was removed by filtration. The benzene was
removed in vacuo from the filtrate. The resulting liquid
was distilled in vacuo at 1% mm, Benzylchloromethyl
sulfide was collected in 55% yield, m.p. 120-125%¢; n
1.5780,

podium Phenylcyanoacetate (VII)(62)

20
D

Sodium ethoxide was prepared from 12.0 g. (0.52
mole) of sodium and 300 ml. of anhydrous ethanol in a 1
liter three-necked flask fitted with a reflux condenser
in which was placed a caleciwa chloride tube.

The anhydrous alcohol was prepared from commercial
grade absolute alcohol according to Fieser (63%). A mixture
of 5 g+ of magnesium turnings, 60 cc« of absolute alcohol
and 0.% g+ of iodine were heated to reflux temperature in
a large flask until a vigorous reaction ensued and until
the magnesium was nearly all converted into the ethoxide.

2 ‘the &ry hydrogen chléride was added very slo#ly a8
much heat was evolved sl éhis stage and the temperature
very easlly rose above «5 .

% This solution should not be allowed to stand for more
than 24 hours as beyond this period of tiuse & secondary
reaction hecomes predominant and difficulty was exper-
ienced in distillation as well as in obtaining & reascu-
able yield. '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



55
Nine hundred ml, of absolute alecohol were ithen added, The
reaction mixture was then boiled for an additional hour
after which the anhydrous alcohol was removed by
distillation 78.4°¢.

After the sodium had reacted completely, a cun-
denser was arranged for distillation under reduced pressure
and the excess ethanol was removed via a steam bath.

So0dium ethoxide was obtalned as & fine white powder.

As rapldly as possible after removal of the ethanol,
the flask was fitted with a rubber-sealed stirrer, a
dropping funnel, a distilling head containing a thermometer
and a condensger arranged for distillation into & flask
protected from wmoisture by a caleium chloride tube. then
300 ml, of dry diethyl carbonate, 80 uml. of dry toluene
and %8.59 g. (0.50 mole) of phenylacetonitrile (VII) were
added in that order. While the contents were siirred
vigorously the flask was heated and the cuke of sodium
ethoxide dissolved, After digtillation started, dry
toluene was added dropwise at approximately the same rate
that the distillate was collected, Approximately 200 -
250 mal, of toluene were added over a period of 2 hours.

Any ethanol which remained in the sodiusm ethoxide
together with the ethanol produced during the reaction was
removed during this perioed. The progress of the
carbethoxylation reaction was followed by temperature
readings, During the first half of the heating period
distillation occurred with vapour temperastures of 80 -
85%¢, As the reaction neared completion and the ethanol
was removed the temperature rose to 110 - 115%. Near the

o end of the reaction, the sodium salt of ethyl phenyleyano~
acetate (VII) precipitated as a white crystalline solid.
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Ethyl = & < (yano = o< = Phenylpropionate (XVI)

The above mixture of ethyl phenyleyanoacetate and
toluene was cooled to room temperature and 0.5 mole of
methyl iodide (mixed in approximately 200 mls. of toluene,
was added dropwise with vigorous stirring. When the
addition was complete the mixture was allowed to be stirred
continuously five to eight days. The reaction mixture was
tested with Hydrion paper from time to time. After 4 days
the solution was neutrsl and fuis was taken as the end
point of the reaction. The resultant amber coloured
mixture contelned a white precipitate., The mixture was
acldified with dilute sulfuric aecid and then water (300 ml.)
was added with vigorous stirring to dissolve the inorganic
salt. The top organic layer was separated and the botton
agueous layer was extracted > times with ether. The top
layer was combined with the etheral extractis and dried
over anhydrous sodium sulfate. The ether and toluene
were then removed in vacuo. The residue was distilled at
8 mm. pressure. sthyl - € - eyano -~ of -~ phenylpropionate
was collected at 134°C with & 72.7% overall yield

(nf® 1.4955).

‘ It was later found that with the addition of
approximately 10% excess of methyl iaéide)whilw the reaction
mixture was held at 40°¢ by means of a water bath, that the
reasction time decreased by one-half. 7The water and the
ether were removed in vacuo without prior trestment with
anhydrous sodium sulfate. 'The modifications increased

 the overall yield of the ester to 91%; -

Analysis: ¢ H H
Caleulated: 70.91% 6455  6,89%
Founds T0.80% 64 45% 6.,96%
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X - Cyano ~ o - Phenylpropionic acid (XVIII)

Ethyl ~ o€ = ¢yano - o€ - phenylpropionate (XVI)
(88.0 g, - 0.5 mole) was added to 10% sodium hydroxide
(500 ml,) and shaken (one hour) until a clear solution was
obtained., The solution was extracted with ether to remove
all unsaponified starting material. The residue was
poured with vigorous stirring into a mixture of
eoﬂcentfated hydrochloric aclid and cracked ice. A heavy
white precipitate was formed which was removed by
filtration and dried:. Helting points were determined and
found to vary from 62 - 98°¢ showing the presence of
impurities.

The preclpitate was thoroughly washed in ice cold
water and air dried. The dried acid was then dissolved in
a minimum amount of chloroform and dried over sodium
sulfate, The sodium sulfate was removed and the acld was
recrystallized from petroleum ether., The yield was almost
guantitative (98%, m.p. 99.5 =~ 130g6)¢

The molecular weight of the acid was determined by
titrating a weighed amount 0of o - ¢yano - OC - phenyl-
propionic acid dissolved in 7% ml. of water and 10 ml., of
ethanol with a standard sodium hydroxide solutiong

Found 176.0 g.
Calculated 175.2 g

Precautions had to be taken in drying and weighing
the sample as it was found to be fairly hygroscopic and
ususlly existed as the monohydrate. This was evident when
dried o< = cyana‘w o< ~ phenylpropionic acid, was allowed
to stand in the atmonphere for a short time. By analysis
the molecular weight was then found to be 193.8 g.
(Calculated monohydrate: 192.3).
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X~ methyl -~ o - Phenylmalonie aecid (XVII)

Bthyl = & = gyano - o = phenylpropionate {K?Ii)
(5400 g.) was dissolved in 10 ml. sulfuric acid and heated
on a steam bath for 1.5 hsuré; The ester was agaln treated
with 10 ml. of sulfuric scid and heated for anotiuer hour.
Water was slowly added (5 ml. at a time) every twenty
minutes while heating was continued on the steam bath.
This treatment was carried out for 2 hours during which
time a white precipitate began Yo form. The reaction
mixture was poured on ice and the precipltate was isolated
by filtration, washed and air dried. A 52.5% yield was
obtained, m.p. 157°¢, This agreea with the value reported
in Beilstein (65), ‘ i

A~ Amino - X - Phenylpropionitrile (XIX)(60)

K= Cyano « oK - phenylpropionic acid (XVII) (%5 g.

- 0,028 mole) was diseolved in & 100 ml. solution contain-
ing equal volumes of trifluorcscetic seid and trifluoro-
acetic anhydride in a 250 ml., erlenmeyer flask. 7The flask
‘was stoppered with an anhydrous caleium chloride drying
tube and cooled in an ascetone dry ice bath to -5%., A
large excess of sodlum agide (3 g.) was added portionwise
with stirring. A reaction seemed to occur because of the
liberation of gas. After an hour the nixiture was poured

on ice and a precipitate was obtained. The starting
meterial was recovered almost guantitatively.

#odifications of this method were attempted by
varying the reaction temperature, the ratio of the tri-
fluorgacetic acld to trifluorcacetic anhydride, and the
anounts of sodium aside. Each attempt yielded starting
material almost gquantitatively as shown by mixture

- meltling pointse.
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EXPERIVENTAL C

(- (yano - o - vhenyl Propionylhydrazide (XXVII)

Bthyl ~ o - gyano - o - phenylpropionate (XVI)
(10140 ge = 045 moles) was added slowly with stirring to
an excess of 100% hydraszine hydrate (30.0 g. = 0.6 mole).
The reactlon produced a considerable amount of heat and
after a time the two layers became miscible. The solution
was allowed to stand for 16 hours during which time it
s0lidified. The resultant mixture was subjected to fil-
tration and the precipitate was washed with cold water.
The precipitate was recrystallized from absolute e¢thanol
yielding a white crystalline substance (m.p. 185°C). The
yield was 76%. In subsequent runs absolute ethanol was
added to the reaction mixture to increase its mobility.
This increased mobility alcﬂg with a rigid control of the
reaction temperature increased yields from 75 - 95%,
Yields were also increased through recovery from the mother
ligquor.

Analysis: 4 H N
Galoulated: 63&4«8% 5085% :22326?;
Found: 63.46% 5 T9% 22.09%

X~ Cyano - K - Phenyl Propilonylazide (XXVIII)

o= (yano - & - phenyl proplonylhydrazide (XXVII)
(8.0 go ~ 0.2% mole) was dissolved in 15% hydrochloric
acid (100 ml.), cooled %o 0%¢ by means of an ice-water
bath, and covered with a layer of diethyl ether., Sodium
nitrite (5.0 g. dissolved in 150 ml. of water) was added
dropwise with vigoroue stirring. Cautlon was taken that
the temperature of the reaction mixture never rose ahove
10°C. The azide formed immediately as a dark yellow gummy

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



60
substance which stuck Yo the flasik and the stirrer. Upon
the addition of all the sodium nitrite solution the azide
was removed by filtration and washed with several small
portions of cold water. The azide was not very soluble in
ether or ethanol which is irregular compared to the
properties of other azides reported in the literature (64).
The azide yreeipit&te was alr dried. The yields were 65-
704 (m.p. 160-80°C).

In the crude form the azide was a dark yellow
powder which was insoiuble in the more common organic
solvents except dimethylformamide., Purlfication was
effected by diseolution of the compound in dimethylformamide
and recrystallizing it by the addition of water. Sone
success in the recrystallization of the azlde was obtained
with acetone but very little success from efhanol.
Recrystalllzation from ethanol produced a light, bright
yellow powder (m.p. 18966)»

Analysiss ¢ H N
Caleculated: 59.99% 4.0%% 27.98%

Founds 59.53% 5 17% 24.,16%

59 . 55% 5.10% 23, 85%

By synthesizing the azlde at 20%C it was observed that‘the
product was more crystalline and the yields increased.

Bthyl H ~(1 - cyano - 1 - phenyl ethyl) Carbamate (XXIX)

< - Cyano - & = phenyl propionylazide (XXVIII)
(10.0 g+ = 0.0% mole) was added to a 200 ml. reaction flask
contalning sbsolute ethanol. This mixture was heated at
reflux temperatures for 24 hours and then poured on cracked
ice. A4 precipitate formed, but upon analysis it was shown
to be starting material. Variations of this method were
attempted, HMore ethanol was used; longer periods of boil-
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ing were employed; and different solvents such as toluene,
methanol, and benzene were used but the urethane was not
obtained.

Decompogition of ithe Azide to the Acld

&~ Cyano - o - phenyl propionylaszide (XXVIII)
(1040 g+ - 0,05 mole) was added to & 100 ml, flask con-
taining 50 ml. of absolute ethanol., The solution was
‘gaturated with dry hydrogen chloride (during which time
the mixture became warm and the azide dissolved) and
heated at reflux temperatures until the evolution of gas
subsided. The alcohol was removed under reduced pressure
and & white so0lid precipitated. Upon analysis it wae found
t0 be ammonium chloride.

Several variations of this procedure were attempted
but no promising resulis were obtained. It was then
decided to decompose the agide in other ways. Small
portions of azide were heated in such solvents as diethyl
carbonate, xylene, toluens, and benzene, but no decompo-~
sgition took place. However, decomposition did take place
when a minute portion of cuprous chloride was added, A
80lid was obtained in very low yields (m.p. 147-150°C).

The azide decomposed in ethanol and methanol when
heated with small amounts of sulfuric acid. The rate
gseemed to depend on the concentration of the secid. 4 small
amount of yellowish oill wse obtained., All these decomw-
positions gave products with too small a yield to bear
further investigation.

The azide was found to decompose in both dimethyle
formanide and tetramethyl uresa at temperatures from 110-
125%, fThe product obtained was a yellow precipitate
(m.pe 135°C). Infrared studies of these decomyposition
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produets showed evidence of carbon nitrogen asingle bonds
and carbon nitrogen double bonds.
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SUMMARY AND DISCUSSIONW

 Benzylmercaptoacetophenone (III) was obtained in
yielde of 954 by controlling the temperature in all phases
of the reaction from 0 - SQC« The cyanoaminolysis of this
compound following the modified Strecker reaction of Potis
(57) was unsuccessful as quantitative recovery of the
starting material was always obtained, 3ince there is a
steric effect in this reacti@n,ﬁwniah might be overcome by
increasing the reaction time, the reasction was run by
inereasing the time five fold., BStarting material was ag:in
recovered quantitatively.

A similar procedure wap then employed with the
reaction mixture being held at 60° for 72 hours attempting
t0 overcome the steric effect by increasing the energy in
the system. However, this also proved to be unsuccessful,
Dioxane, with doubled amounts of sodium cyanide and
amaponium chloride, was employed to increase the solvolysis
of the system and orientation of the reasctants, but this
also was unsuccessful.

A completely anhydrous system was employed, with
abaolute ethanol saturated with ammonlia, without success.
Absolute ethanol was employed, satursated with ammonia and
hydrogen cyanide, again without suceess. Dimethylformamide
was then used in place of ethanol as it has s higher
dielectric constant, thie also proved unsuccessful., The
Streécker method was abandoned as the steric effect seened
to be too great for the reaction to proceed,

It was decided to attempt the syntheais by the
Schmidt reaction. Hodium ethyl -~ o¢ « phenyl « o =~ cyano-
acetate (VIII) was to be reacted with benzyl chloromethyl=~
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sulfide (IX) to give ethyl - B - benzylmercapto - & -
phenyl = o« - cyanopropionate (X). This was to be converted
to the aclid and the Schmidt resction performed to yield the
amino acid. The bengyl group was then to be cleaved by
godium ~ liguld ammonia reduction.

The synthesis of benzyl chloromethylsulfide (IX) was
first attempted by reascting o~ toluenethiol with sodium
ethoxide to yield the sodium salt. This salt was reacted
with methylene chloride giving a product, which, on
purification yielded & white crystaliine compound. This
dié not have the physical properties of the desired material
which is a colorless liquid. In splte of different attempts
the same orystulline compound was obitalned: It was not
considered expedient at the time to identify this compound,

The method of Bbhme and Pischer (61) was then
employed with varying results. The yield obtained was about
half of what was reported, However, by varying this
procedure the yields were increased to 5%,

At this point it was decided to first attempt the
ﬁyntheéis 0f &K~ agmino - « -~ phenylpropionic acid as this
compound has similar steric arrangemeni to the desired
compound and has already been synthesized by another method.

Sodiwm phenylcyanoacetante (VII) was synthesized
sccording to Horning and Finelli (62) and alkylated with
methyl iodide to give ethyl - o - cyano = o =~ phenyle
propionate (XVI). The corresponding acid was formed by
gaponifying the ester and hydrolyzing the sodium salt with
an lce~hydrochloric secid mixture. The purified mecid, upon
snalysis, waes found to exist as a monohydrate.

o~ Methyl ~ o - phenylmalonic acid (XVII) was
obtained by hydrolyzing the ecyanoester with concentrated
sulfuric acid and subsequent addition of water,
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The Schmidt reaction was attempted with o~ cyano
o - phenylpropieonic acid in a trifluorouacetic acid -

trifluoroacetic anhydride medlum according to Newman and
Rutherford (60). However, no satisfactory resulis were
obtained although several modifications of the method were
attempted, Gas was liberasted which on analysis proved to
be nitrogen, and starting material was slways recovered
quantitatively:

§

Evidently the nitrogen arose from the decomposition
of hydrazoic acld rather than from the Schmidt intermediate.
The failure of the Schmidt reaction under these conditions
may well be & result of the inabili#y of the stariing
cyanocacetic acid to form a stable acyl-oxo carbonium ion
according to the following equations

¢ ¢
' '
G'Ii,—ﬁ«»'éi‘wﬁ()@ﬁ + 20P50=0 ——s CH 5=0=C=0 + H;0" + 20F40=0

L]

H) . o CH Q

The formation of acyl-oxo carbonium iona from the reaction
of concentrated sulfurie acid with sterically hindered
aromatic acids has long been established by Hewman (68).
For example, the esterification of mesitoic acid is
possible only by treastment of the acid first with 100»
sulfuric acid prior to treatment with alcocohol. 1t was
hoped that the same steric forces which allow hindered
aromatic uclds to form tranelent acyl-oxo carbonium ions
would be operative in this case of an aliphatic systenm.
Bvidently other factors are involved.

Since the Strecker and the Schmidt reactions failled
to yield the deaired compound, 1t was decided to attempt
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, 66
the Curtius reaction modified by Gagnon et al. (39).
The synthesls of o« = aming -~ £ = phenylpropionic
aclid was again attempted and used as a model compound,
o~ (yano - oK - phenyl propionylhydrazide (XXVII) was
obtained in good ylelds by reacting ethyl « « « cyano -
A=~ phenylproplonate with an excess of 1l00p» hydrasine
hydrate. The corresponding agide was obtained by reacting
the hydrochloric acid salt of the hydrazide with nitrous
acid below 5°C. fThe yields were good but there were
discrepencies on analyses of hydrogen and nitrogen from
the theoretical caleulations.

The synthesis of the corresponding urethane was
attenpted but only starting material was recovered,
Different solvents such as toluene, methanol, and benzene
were used but the urethane was not obtained.

Decomposition of the azide was then attempted. uiven
amounts of azide were decomposed in ethanol and methanol
with hydrochloric and sulfuric acld as catalysts but yilelds
were low. wuecompositions were also attempted in dlethyl
carbonate, xylene, toluene, and bengene with small traces
of euprous chloride. All these decompositions gave products
with too small a yield to bear further investigation.

The azide was found to decompose in both dimethyl-
formamide and tetramethyl ures yielding a product which
upon infrared studies showed evidence of carbon nitrogen
double bonds.

It is conceivable that the azide rearranged to the
corresponding isocyanate which then underwent an intra-
molecular reaction involving the cyano function as
follows:
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It was declded, however, to leave this product to another
investigation.

It was at this point that studies were terminated.
The possibilities of the Curtius reaction being succesa-
ful in synthesizing the desired compound are very good.
It is suggested, however, that further investigation of
the azide be done as the analyeis is quite varied from
what was theoretically expected. Also some of the
properties exhibited by the apparent azide obitained, do
not coincide with other azides reported in the literature,
It is also suggested to investigate the product which was
obtained from the decomposition of the azide in dimethyl-
formamide and tetramethyl urea.
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CONCLUSION

From the experimental data it may be concluded that
the synthesls of &« phenyl cystine can not be asccomplished
by elther the Sirecker or the Schmidt reactions under the
experimental conditions attempted. However, the possibility
ai"}:he synthesis of this compound by the Curtius reaction
has not been eliminated as further investigation in this
ares is advocated by the author. The successful synthesis
of ethyl - gyano - & ~ phenylpropionate and o - ¢yano -

« - phenyl proplonylhydrazide may be reported as these
compounds have not appeared in the literature.
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Polarographic Détermination of Alpha-Methyl-pL-cystine

R. J. THIBERT and R, M. OTTENBRITE

Department of Chemistry, Essex College, Assumption University of Windsor, Windsor, Ontario, Canada

» Because of a recent synthesis of a
substituted amino acid, a-methyl-DL-
cystine, it became necessary to have
a method of determining this com-
pound. The polarographic determina-
tion of the substance in 0.1N hydro-
chloric acid, using thymol as a maxi-
mum suppressor, was investigated.
The relationships of concentration of
the compound and temperature to the
diffusion current were studied. The
influences of thymol concentration and
pH on the apparent half-wave poten-
tial were determined. A linear rela-
tionship of the diffusion current to the
concentration of a-methyl-DL-cystine
was observed in the range of 5 X

10=4 to 2 X 10—*M. The system .

is not reversible.

RECENT synthesis of a-methyl-nr-

cystine by Arnstein (1), which has

been confirmed in this laboratory (8),

made it desirable to establish a method
of analysis for this compound.

Cystine can be determined colori-

metrically by reduction to cysteine and:

by using reagents which form colors
in the presence of free sulfhydryl
groups (2, 9). Cystine can also be
determined polarographically, and stud-
ies of this type have been reported (7).

Because the compound under in-
vestigation has a structure similar to

cystine, it was thought feasible to .

attempt a polarographic estimation.

EXPERIMENTAL

Apparatus and Materials. The Sar-
gent (E, H. Sargent & Co.) Model
XXI Polarograph was employed for
this study. A Heyrovsky polaro-
graphic cell was used during most of
this work; an H-cell with S.C.E. was
used to determine Eyn. - The capillary

106 o ANALYTICAL CHEMISTRY

Table I. Effect of Concentration on

Diffusion Current

Conen. -
a-Methyl- Diffusion Current,
Micreamperes®

pL-cystine, :
Mole/Liter 25° C. 30° C. 37.5° C.

2 X 1073 8.66 8.89 8.03
1.5 X 10— 6.42 6.78 6.03
1X 10— 4.19 4.60 3.98
7.5 X 107* 3.64 3.53 3.06
5 X 10~ 2.28 2.36 ° 2.01

s Average of three determinations.

Table Il. Effect of Temperature on
Diffusion Current

Temperature,
°C. Diffusion Current, ua.
0.0 4.28 4.26
11.5 5.28 5.28
19.0 5.68 5.66
22.5 6.00 6.00
25.0 6.22 6.21
30.0 6.54 6.64
35.0 7.06 7.04
40.0 7.36 7.36
45.0 8.00 8.00

constant, m*3¢ (m = 2.57 mg. per
second; { = 3.00 seconds), was 2.253
at 25° C. and —0.5556 volt. All pH
measurements were made with a Beck-
man Model G pH meter. Buffer solu-
tions employed were prepared according
to Clark and Lubs (3).

The a-methyl-pr-cystine was re-
crystallized three times from absolute
ethyl alcohol prior to use in this study.
A stock solution of 1 X 10-2M was
prepared in 0.1N hydrochloric acid.
A 1.2 X 10-3M thymol solution in
0.1N hydrochloric acid was prepared
for use as a maximum sSuppressor.

Procedure. The solutions used for
analysis were prepared in a 100-ml.
volumetric flask by adding the appro-
priate concentrations of a-methyl-

pL-cystine and thymol, and diluting
to volume with 0.1N hydrochlorie
acid or buffer.

The solutions were transferred to a
polarographic cell and nitrogen (puri-
fied by passing through ammoniacal
cuprous chloride) was bubbled through
for 5 minutes. Polarograms were run
through the range of 0.0 to —1.0 volé.
The drop rate was adjusted to 3 seconds
and the temperature was controlled to
=+ 0.1° C. »

RESULTS AND DISCUSSION

Effect of Concentration on Diffu-
sion Current. The effect of concen-
tration of a-methyl-pL-cystine (using -
1.2 X 10~*M thymol as the maximum
suppressor at 25°, 30°, and 37.5° C.,
respectively) on the diffusion current
results in a linear relationship (Table
). ;
The diffusion current was measured .
from the top of the first wave to
the top of the second wave as there
occurs a prewave with thymol. This
type of prewave also oceurs with cystine
and has been studied by XKalousek,
Grubner, and Tochstein (5). Figure
1, curve 2, is a typical example of a
polarogram obtained under the above

" conditions. !

Except for the study of diffusion
current dependence on temperature,
where the height of the diffusion
current represents the prewave plus
the top wave, the diffusion currents
and half-wave potentials are based
on the top wave only wherever a
prewave occurred.

The half-wave potential (Ey.) was
measured vs, S.C.E. at 20° C. using
1 X 10-3M q-methyl-Di~cystine. Ej;z
was observed to be —0.556 and —0.718
volt for thymol concentrations of 1.2
X 10~4and 4.8 X 10~4M, respectively.
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(See Table Il for buffers)
1. pHO.12 pH 1.97
2, pH 1.10 4. pH 3.00

A 3.
2. 1.2 X 10~M 4. 48X 10~M

" Diffusion Current Dependence on
Temperature. Polarograms of 1 X
103M a-methyl-pL-cystine using 1.2
X 10~4M thymol were run in the range
of 0° to 45° C. A linear relationship
between temperature and total diffusion
current occurred (Table II).

Effect of pH on Apparent Half-
Wave Potential. Solutions of -
methyl-pr-cystine (1 X 10—3M) were
prepared using media of various pH
levels (8) with 1.2 X 10~*M thymol.
The solutions were analyzed at 21.1° C.
and the apparent half-wave potential
was determined (Table ITI).

The polarograms had different shapes
(Figure 2) and the apparent half-wave
potential was observed to increase
negatively with increase in pH. The
higher the pH, the more nearly S-shaped
the polarograms became (Figure 2).

Effect of Thymol on Apparent Half-
Wave Potential. The effect of thymol
concentration on the shape of the po-
larographic wave was studied. Solu-
tions of 1 X 1073M qa-methyl-pI-
cystine werk, analyzed at different
thymol concentrations and the ap-
parent Ey;» was determined.

The value of the apparent half-wave
potential changes with thymol con-
centration (Table IV) because of a
change in the shape of the polarographic
wave (Figure 1). A well defined S-
shaped curve occurred at a thymol
concentration of 4.8 X 10~4M.

Effect of Digestion on Polarographic
Wave of a-Methyl-pL-Cystine. Dupli-
cate 10-ml. samples of 1 X 1072M
a-methyl-pL-cystine were digested ac-
cording to the method of Koch and
MecMeekin (4). A distilled water blank
was treated similarly.

Polarographic analysis of the digests
in 0.IN hydrochloric acid at 19.4° C.
using 1.2 X 1074M thymol revealed
that the characteristic wave was absent
in both the blank and the samples.
This was taken as evidence that no

5. pH 3.96

Table lll. Effect of pH on Apparent Half-Wave Potential

Apparent Half-Wave
pH® Medivm Used?, Potential, Volt
0.12 1N HCI -0.318 -0.320
1.10  0.2M KCI + 64.5 ml. 0.2N HCle —-0.537 —0.540
1.97 - 0.2M KCI + 10.6 ml. 0.2N HCl° —0.579 —-0.575
3.00 0.2M potassium acid Iilhthalate + 20.3 ml. 0.2N HCI —0.663 —0.666
3.48  0.2M potassium acid phthalate + 6.0 ml. of 0.2V HCl* -0.727 —0.726
3.96 0.2M potassium acid phthalate + 0.40 ml. 0.2¥ NaOHe  —0.810 -0.810

¢ Values represent final solution to be analyzed.
b Buffers were prepared according to Clark and Lubs(3).
¢ Amount of acid or base required to prepare 200 ml. of buffer solution.

Table V. Effect of Thymol Concen-
tration on Apparent Half-Wave Po-
tential

Thymol
Concn., Temper-
Mole/ Apparent By, -ature,
Liter Volt °C.
2.4X 105 —0.343 —-0.343 21.7
1.2X10~* —-0.555 —0.555 21.9
2.4X10™* —0.652 —0.652 21.9
4.8X10"* —-0.723 -0.723 18.2

substance present in the reagents was
responsible for the wave usually ob-
tained with e-methyl-pi-cystine.

Diffusion Coefficient and Reversi-
bility of the Reaction. By substitu-
tion in the Ilkovi¢ equation, the dif-
fusion coefficient for & 1 X 10~3M solu-
tion of a-methyl-pL-cystine at 25° C,,
using 12 X 107*M thymol, was
found to be 9.38 X 10~ sq. ¢cm. per
second; the diffusion current was
4.19 pa. and the capillary constant
2.253. The wvalue of the diffusion
coefficient obtained is of the same order
as that reported by Xolthoff and
Barnum (6) for cystine (5.3 X 10~¢
8q. em. per second). ’

1.2 X 10~* and 4.8 X 107*M, respec-

. tively. Straight lines were obtained

The reversibility of the reaction was

tested by plotting E' vs. log -2 i:z

1 X 107°M o-methyl-pi-cystine at
20° C. at thymol concentrations of

for

Prinrep 1x U. S, A.

for both thymol concentrations with
slopes of 0.0817 and 0.0533 for thymol
concentrations of 1.2 X 10~4 and 4.8
X 10—*M, respectively. These values
differ from the theoretical slope
(0.0295). In this respect the results are
similar to Kolthoff and Barnum (6),
and Kalousek, Grubner, and Tochstein
(6), who concluded that the cystine
reduction is not reversible.
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