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ABSTRACT

The effect of variation in the concentration of tris-
(hydroxymethyl)-aminomethane buffer systems upon the
kinetic constants of the alpha-chymotrypsin catalyzed hydroly-
sis of nicotinyl-L-tyrosinhydrazide has been cetermined at
ctH 7.¢ and 25.000. This study indicates a linear relation-
ship between the logarithm of values of k, and the sguare
root of the ionic strength. It has been demonstrated, in
the cage of the hydrazide investigated, that the value of
the Michaelis-Menten constant, KS’ 1s independent of the
variations applied.

A confirmation of the activating influence of calcium
ion has been made. An increase of approximately 75% in the
initial velocity of the alpha-chymotrypsin catalyzed hydroly-
sis of nicotinyl—E—tyrosinhydrazide 1s noted upon the addi-
tion of 107% M calcivm lon tec the reaction system.

The colorimetric determination of hydrazine employed
tc determine the extent of hydrolysis. in the above cases has
been reinvestigated.

A reinvestigation of the kinetics of the alpha-chymo-
trypsin catalyzed hydrolysis of acetyl-L-tyrosinhydrazide
utilizing improved procedures of analysis indicated above
has been made. The possibllity of observing product inhi-
bition depending upon values of initial substrate concentra-
cilon and KP is discussed.

The preparation of acetyl-, benzoyl-, trifluocracetyl-,



and methanesulfonyl-DL~-phenylalanine salicylamide esters

is described. Several attempts to synthesize the optically
active esters are described. Reasons for racemization in
the cases tried are briefly discussed.

During the course of attempted dehydration procedures
with polyphosphoric acid several interesting dehydrocycli-
zation products are isolated and described.

The preparation of trifluoracetyl-L-phenylalanine
anthranilamide is described.

The synthesis of acetyl-DL-phenylalanine glycolamide
and acetyl-L-phenylalanine glycolamide are described.

Preliminary investigations were conducted in the alpha--
chymotrypsin catalyzed hydrolysis of the above compound.

The apparent ilonization constants of the protonated
amino group of a series of DL-phenylalanine derivatives have
been determined. The expected differences in the pK of these
derivatives due to changes in dcid derivative were not real-
ized except in the case of phenylalanine hydrazide. The use
of an automatic pH-titration and recording instrument is

described.
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PART I

INVESTIGATIONS OF THE alpha-CHYMOTRYPSIN CATALYZED

HYDROLYSIS OF AMINO ACID HYDRAZIDES



INTRODUCTION AND FORMULATION OF ENZYME KINETICS

The proteolytic enzyme, alpha-chymotrypsin, 18 a cata-
lyst for the hydrolysis of proteins. One approcach to the
understanding of the nature of this reaction is the in-
vestigation of the kinetics of 1ts hydrolysis of simple
peptides or simple amino acld derivatives. If the alpha-
amino acid derivatives are represented by the general

formula:

< ]
H~C\\ the nature of the A, B, and

C groups may be reviewed.

The bond upon which the alpha-chymotrypsin specifi-
cally acts 1s the bond between the carbonyl carbon and
the group represented by C. Hydrolysis has been found o
occur when this group is an ethyl ester (1), a methyl
ester (1), an amide (1-7), a hydroxamide (1,8,12), a hydra-
zide (1,9,10,11), a salicylamide ester (22) or a glycol-
amide ester (22). The variations in B include carbo-
venzoxy (1), carbobenzoxyglyeyl (1), chloracetyl (6),
trifluoracetyl (6), acetyl (1,3,4,7,9,10), nicotinyl
(1,3,4,5,8,10), benzoyl (1,10), acetylglyecyl (11) and

pyvaloyl (23). The group A has been the radical cor-
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-tyrosine (1,2,6,8,9,10,

Since a great deal of the investigations reported 1n

this thesis involve kinetic studies of the alpha-chymo-

oy
3
%,J-
D

that a

Lo

the kinetic equations

tensive articles (1,13,14,15). The rate of

H

gsimple hvdrolyvsis and the glightly more compllcated reac-
5 [l o :

tion involving inhibition by the reaction products or one

r‘\v

of the reaction products will be covered briefly and re-

ferred to throughout the subseguent investigations.

Consider an enzyme catalyzed reaction which may be

evresented by the followlng eqguation:

&

o _— — . - )
E, SfT ES B, + Pyo + Pop (1)
2

3
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klg kgj and kg are specific rate constants and
[Ef} = formal concentration of free enzyme
{Sf} = formal concentration of free substrate
[ES] = formal concentration of enzyme-substrate complex
{Plf} and 1?25] = formal concentrations of products
[8] = total concentration of substrate
[E] = total concentration of enzyme
ther consider the case where all of the above pos-

sess unlt activity,

The

The rate

T

The summation of (2)

all reaction:

da([es] + [s])
at

Ir

where % ”d“ ES (( - d”]

eguation 1s assumed:

eS|

o
i
S
ey

of disappearance of

the restricted case of

rate of formation of the complex

+ ky) [ES] (2)

.s}] -[(k2

the substrate:
(ES]) [8]] - ko[ES] (3)
and (3) is the rate of the over-
. [ES] )
3 i ( /
steady state is considered

the validity of the following
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k}_[({E%[ES]MS]] w[(kgﬂ%)[gg]] (5)

l‘
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Utilizing this relationship, equations (2) and (3)

reduce to equation 6O:

also from eguation 2:

ky ([E]-[ES])[S] = (ky+kg)[ES]

Define KS’ the Michaellis-Menton constant, as,
E if]\.
o _ (m-[eshisy _ EplIS1 ket -
S [ES] [E8] kq :
fEf}[Sj .
Since [ES] = , then [E]-[ES] = [E.]
KS £

and

(E.] = —LE (8)

Upon substitution of 8 into 6:

dt ) KS
_ kylE]LS] (o)

Kg + [S]



In eqguation @, KS approaches an eguilibrium constant
when k. >> k.. There are a number of forms of equation 9
= ]
from which the values of KS and kS may be derived. Line-

weaver and Burk obtained and utilized the following re-

1 _ KS?—{S}O _ KS 1 + 1 (]O)
. = 3 = T 7 ; X
v 7 157, K IE] (5T 1]

If 1/v 1s plotted versus 1/18], a straight line re-
sults with a slope of KS/kB[E] and an intercept of l/kB{E].
Further rearrangements result in a number of other con-
venient plots (15-17). A plot of {S}O/%Q versus iS}O
yields a straight line with slope of 1/k3[E] and an inter-
cept of Kg/kg[E] and another variant of v  versus vo/[S]O

gives an ordinate Intercept of kgia], an abscissa inter-

cept of kB{E]/KS and a line of slope -Kg.

Hydrolysis Involving Inhibition by Product or Products

The hydrolysis of an alpha-amino acid derivative by
alpha-chymotrypsin may be slowed down, inhiblted, by some
process which blocks the so-called "active-site" of the
enzyme .,

The theory that the hydrolysis of the substrate by
the enzyme involves the interaction with three centers of

the enzyme site has much evidence in its favor (3,5,6,18,
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19,20,21). This means then that inhibition of the reac-
tion involves blocking of one or more of these centers.
There may be inhibition then at one, two, or three of
these centers. In this regard one or Theoretlically both
of the hydrolysis products may 1nhibit the reaction, It
has been assumed, thus far, that the inhibition 1s due to
the amino acid molety and not the other hydrolysis product
gince inhibition by the latfer has not been observed upon |
the additlon of these substances to the systemnm.

The problem of inhibition by products has been clr-
cumvented din a number of cases by consideratlion of the
regctlon at a low percent hydrolysis where fThe concentra-
tiong of the products are negligible and the assumption
that very 1little product inhibitlon has taken place is a
good one. However, Foster and Niemann (21) have considered,
in detail, the case where product inhibitlon is evident.

For a reaction sysbtem where there 18 product inhibi-
tion one can derive the corresponding rate equation., If
e

the system can be described by ecguations 1, 11, and 12:

%

k3
BES . + P £ 4+ P

txd
Al

.
€Al

(11)

jes
)
}‘_J
[}
}A_,.R



ke
E. + ng L EPE
K7

and the steady state 1s assumed,

as before,

and the assump-

tions that [8] = [Sf] and {Pl}ﬁ=[fﬁij are made it follows

that
ko + K (r=1-1ms1-152, 12))
- 3 - = K
k. [ES] §
ke ([E]-[ES]-[EP,]) ([8],-[s],) .
Ky [EP,] -
1
afs] ko [E][S]
T - [sT -T8T.
dat . "o -
KS[L + Ko ] + [S]
"1
and
(sl (sl
LBt = I 1+ = 1 + 11
klBle = Kg |2+ 2= 0 TET,
1
([s], - [81.)
A form of equation 16 that is often used is

(13)
(14)
Pl
(15)
Kg
K
Py
(16)

the following:



g [E]y = Kg(1+(8] 1/Kp )in [8] /18], +

The procedure used for the evaluation of KP and KS in

most cases 1s the method of Foster and Niamana (2). For

zone A conditions (24,25) and if 1/K, = E 1/K? equa-
A

v - e ; N N S
tion 17 may be simplified and rearranged to give equation 18,

%,
o

kB[E]t = (1«KS/KP)([S] ~[S}t) + KS(1+[S]O/KP)

1n[s] /18], (18)

A plot of ([S}O~£S]&)/t versus 1n ([S]O/{S]+)/t in the case of
i B — % w
a specific initial substrate concentration will be linear

and have a slope of ~KS(KP + [S]O)/(K -Ko ). Straight

P
lines drawn through the origin will have slopes equal to
{S]O (25a) and therefore the intersection of a line drawn
through the origin with a slope equal to a specific initial
substrate concentration used in an experiment with a line
defined by the experimental data will define in terms of
the ordinate the corresponding initial velocity, i.e.,

v . A stralght line drawn through a series of these inter-
O f )
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sections, derived from a number of experiments at various

substrate concentrations, will have a slope

of -KS, an
ordinate intercept of kBEEE and an abscissa intercept of
kB{E}/KS.

The different methods of evaluating the initilal
velocity, V. are discussed in the following section,
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THE EFFECT OF VARIATION IN THE CONCENTRATION OF THAM
BUFFER SYSTEMS UPON THE alpha-CHYMOTRYPSIN CATALYZED
HYDROLYSIS OF NICOTINYL-L-TYROSINHYDRAZIDE AT QS,W C.

AND pH 7.9

Introduction

The indication that the addition of salts, per se, or
the conseguent change in ionic strength accompanying this
addition, would have a marked effect upon the proteolyti
enzyme, alpha-chymotrypsin, arose with the report of
Jandorf (26) in 1950. He observed as much as a five-fold
increase in the esterase and amidase activity of The en-
zyme upon the addition of magnesium sulfate to the systems
which he was studying. The extension of this primary salt
effect to enzymatic cleavage rates of amlde linkages was
made in 1952. Shine and Niemann (6) noticed a 24 percent
increase in the rate of hydfolysis of chloracetyl-L~
tyrosinamide at 25°C. and pH 7.75 upon the addition of
magnesium sulfate to the reactilon solution. The system
was approximately .1 M in magnesium sulfate. The early
work of Neurath and co-workers (27) on the effect of cal-
cium ion and other divalent cations upon the alpha-chymo-

trypsin catalyzed hydrolysis of elther ester or amide

*
Tris-(hydroxymethyl)-aminomethane.
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linkages has recently been substantiated by Laskowski (28).
Neurath found the activity of alpha-chymotrypsin was in-
creased to 150 percent of 1ts initlal level by the addi-
tion of ].Om2 M calcium ion with phenylalanine ethyl ester
a5 the substrate, Laskowskl studied the effect of calcium
ion on both alpha~ and beta-chymotrypsins. His results
were very similar to earlier ones and the substrate em-
ployed was also phenylalanine ethyl ester. It was stated
in the work of Neurath that calclum was far more effec-
tive in producing the increase in rate Than was magnesium
or any of the other divalent cations investlgated. These
results would seem to indicate that the effect of calcium
is a specific ion effect. Since these studies were all
conducted with an ester as the substrate, the effect of
calcium upon the hydrolysis rate of nicotinyl-L-tyrosin-
hydrazide was investigated and 1s reported in a later
section of this part of the thesis.

Barller investigations have shown that in the case of
the hydroxamide substrates an Increase in the initial
veloceity by calcium ion can be demonstrated. Jennings (29)

»

determined the kinetic constants for the alpha-chymotrypsin

o)

catalyzed hydrolysis of acetyl-L-tyrosinhydroxamide in the

presence of 0.04 M CaCl, at pH 7.6. The k, value was

w

shown %to increase from 1.41 x 10"3 M/min. in the abgence

of added calcium to 1.61 x 1075 M/min. in the presence of

-

- i
4 x 10 M CaCl..

2



In 1¢55, Shine and Niemann (30) reported an investi-
gation of the effect of added sodium and potassium chloride
upon the alpha-chymotrypsin catalyzed hydrolysis of chlor-
acetyl-L-tyrosinamide at 25.006. and pH 7.75. It was
found that a straight line was obtained when the sguare
root of the molarity of either the added sodium or potas-
sium chloride was plotted versus the logarithm of the
initial velocity. From a least squares fit of the data,
in the case of added sodium chloride, to the equation log
vo/voO = a 4—2}J§§ 1t was posgible to express the results
by the simple relationship, log v_ VOO = 0.304 + 0.005 (W
where VOO has replaced a and is the initial velocity in
the absence of added sodium chloride. A second set of
experiments wilth potassium chloride as the added salt gave
the result, 1og~vo/ﬁoo = 0.298 + O.OOQJQE. It was con-
cluded then that within the limits of experimental error

the effect could be summarized by equation 19.
0 - . - ,
log v /v~ = (0.30 + 0.01) fM (19)

where M, the molallty of the added sodium or potassium
chloride is within the limits of C and 1.5 M.

It was further shown in thls investigation that the
Michaelig~Menten constant, KS’ evaluated at .3 M and A M

wilth respect to added sodium chloride were, respectively,
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2
23 + 3 x 10 3 M and 26 + 2 x 1077 M. 1In the absence of

Kg =27 + 2 1073 M. It was concluded that

1S
o3
=
o)
QJ
0
1S
ot
oF
e
I

n
~J
n
>

KS does not vary, within the 1limits of experimental error,
with the addition of the named salts.

It 1s Interestin

J?
ot
@]
w3
o]
.
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}.J
o
[
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O]
@]
I
]
D
@]

a very simple
substrate, methyl hydrocinnamate, hydrolysis by alpha-
chymotrypsin 1is seemingly unaffected by inorganlic ions
and the effects of the buffers employed in this work seem
to be lonic strength effects (31).

Bernhard (32) conducted a series of experiments with
acetyl-L-tyrosinamide as the speclfic substrate. They
were conducted at ES.GOC. and pH 7.9 in agueous solutions
and in the presence of varying amounts of phosphate bulfers.
The experimental data were evaluated by the method des ribed’
by Foster and Niemann (21). The various Kq values deter-
mined were in good agreement, however there was apparent
lack of agreement, well outside the limits of experimental
error, bebween various k} values and between k% determined
in presence of a less concentrated THAM-THAM.HCL buffer
system. Apparently the kg values increase wilth increasing
phosphate buffer and/or with increasing ionic strength.

The adherence to a precise linear relationship was not

found upon examining various relatlonships that mlight exist

\>

onic strength

}._Jo

between the consgtant k., and

Je)

p

In previous investigations where the addition of bufl-

fer was reqgulred to maintain the pH of the reaction system



~of various alpha-chymotrypsin catalyzed hydrolyses at the

optimum, a frequently employed puffer system has been

in the case of hydroxamides as high as 0.5 M has been em-
*/10}]@\;{) 73333321) »

sle Lo suspect an effect of this

YRR
as The

ain 1f any simple

relationship as postulated in the case of added sodium

) £

or potassium chloride might hold for the mentloned bulfer

e 2

system, Further investigation of the effect of variation

in the concentratlion of the THAM-THAM.HC1 buffer upon the

enzymatic hydrolysis constants Kq and kg wasg needed. The
3,

value of such a relationship would lle in providing a means
to correct k., values of fthe various substrates to a norm

o
to facilitate the comparison of rate constants in the

elucidation of the mode of action of the enzyme alpha-

chymotrypsin

S bsequently referred to in the Text as THAM-THAM-HCL.
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The extension of the activating effect of calcium ilon
upon the pha chymotryopsin catalyzed hydrolyses has been
made To the hydrazidegs. Investigations at two lonlc
strengths have veriflied the earlier results of a specific
ion effect (27,28,2¢). The possibility of the presence

0y

of calcium lon in the enzyme preparation employed 1n these
investigations has been eliminated as a result of studies

Cin which sufficient dihydrogen disodium versenate to

e8]

£ -

®

guester any existl calcium was added wilth no observable

diminution in hydrolysis rate.

Discussion of Results Relative to the Variation of

Concentration of THAM Buffer Systems

The substrate chosen for the investligatlions was
nicotinyl-L-tyrosinhydrazide. This substrate was first

shown to be hydrolyzed in 1949 (9). Despite earlier

hydrazides are not hydrolyzed by the enzyme, Nlemann and
MacAllister found 63 percent hydrolysis in 91 minutes at
pH 7.9 and 25,0 C The kinetic consgtants were previously
determined by Lutwack (10) utilizing the THAM-THAM.HC1
puffer system, with the formality of the amine component
of the system held constant at 0.02 F. The values ob-

. -3 e -3
tained were: KS = ¢,1 x 10 ~ M, and k, = 0,97 x 10

- 2

M/min./mg.protein-nitrogen/ml. An estimation of probable
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error was not given. The determination was at pH 7.8

The parameters recognized and held constant in the
experiments were the pH, the btemperature, the solvent, the
substrate, and the enzvme concenbration.

Five sets of experiments were carried out at various

concentrations of the THAM-THAM.HCI buffer svstem:

il
.01 F, seven runs with [S] values ranging from 1.1 x 10
_ -4 B .

M to 40.25 x 107" M; 0.1 F, seven runs with {S]O values

-4 - -4 .
ranging from 1.01 x 10 M to ©60.10 x 10 M; 0.5 F, five
oy L .’ s o o) -~ . ("’"Li‘ "’4
runs with [SJO ranging from 2,01 = 10 M to 60.10 x 10

-4

M; 0.75 F, five runs with {S}O ranging from 5.01 x 10 " M

7
J

~

L

to 60.10 % 10”@ M; and 0.9 F, six rung with {S}O ranging
from 1.02 x 107 M and 40.72 x 107" M.

The extent of hydrolysis was determined by the guan-
titative estimation of the hydrazine liberated by the
formation of bis-p-dimethylaminobenzalazine in a procedure
analogous to that of Lutwack (10) and discussed more
thoroughly in the next section,

From graphs of assumed {lrst and zero order kinetics,
i.e., 1n {S}O/{S} vs. time and ({s}om{s}) vs. time, were
obtained the values of Voo the initial velocity, for each
substrate concentration. Utilizing these preliminary
values 1in eguation 10, values of KS and k3 were tentatively
evaluated. DProm the preliminary values of KS and kg and

the various substrate concentrations, the corrected time
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scale was obtained by the method of Jennings and Niemann (8).
Uging the corrected time scales, values of the initial
veloclty for each substrate were re-evaluated. Finally,

values of KS and k. were obtained by a least sguares it
-

w

of eguation 10,
For each concentration of THAM used the pH was held

~ 4

constant within + 0.1 of 7.9, the temperature was con-
o . Y - O n B
trolled at 25.0 + 0.17°C., the solvent was water, the sub-
strate was nicotinyl-L-tyrosinhydrazide, and the enzyme
concentration wag 0.1785 mg. protein-nitrogen per ml.

The kinetic data are shown in Tables II, I1I, IV,

*
V, and VI. Flgures representing the results of these
m

tables are at Tthe end of each table. The results of 2

least squares it of equation 10 for each of the five buf-

ooh

fer concentrations are listed in Table 1.
Recently, Booman and Niemann initiated the use of

%

orthogonal polynomials for the determination of initial
velocities (35). The procedure involves representing the
data of an individual run by a set of orthogonal poly-

r

nomilals using the method of least squares. Each run in

e
k3
O
o

W
o
<
o]
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o
S5
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lgnified by Vg, are given in Table I, along

#
Note that V_ has been used instead of vy in the
ordinate caption Of the {ligures.



with the probable errors, a;", calculated by This method
and the order of the polynomial, Pm, employed in the cal-
culation., While direct comparison cannot be expected
since an accurate zZero time-blank correctlon 1s inherent
accurate and meaning-

in and essential to the evaluation of

ful initlal velocities, it ifying to see that for

a majority of the substrale concentraltions tTthe Initial

comparable within the 1imits of experimen error, A
blank correction and betlter zero time calculation, as dis-
cussed in next sectlon of fTthis thesis, would correct this

error and bring the initial velocitles calculated by the

two procedures into direct comparison. As can be seen

b
from Table I, a least sguares it of the v values gives
4

and k., values that are comparable with LThe ones deter-

mined by the former method but with a larger probable error,

oy

The values of KS and kg taken for further discussion

»

are those determined by the method of Jennings and Niemann,

el

since the experiments were not designed for the orthogonal

It is seen in Table I that the Michaelis constant,
KS’ evaluated at the five concentrations of THAM-THAM-HC1
buffer system seems to be essentlially constant within the
limits of experimental error. An arithmetic mean of ftThe
five values corresponds to a value of KS egual to 8.0 +

1.6 x 1073 M. This value is in agreement with the earlier
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det ewwwnmd value of 9.1 x 10*3 M, The fact that the con-
stant was evaluated five separate times in this investi-
gation would seem to indicate that the earlier value was
2lightly high even though stilll within the limits of ex-
perimental error, While KS remaing constant the kB value

1s seen %o increase from 0.9 x 1075 M/min./mg. protein-

-3 .
nitrogen/ml. at .02 F THAM to 2.2 x 107~ M/min, /mg. protein-
.nlu“owen/% . at 0.9 F THAM. This is an increage of approxi-

mately 130 percent.
Evidence has been accumulating that in reactions
catalyzed by alpha-chymobtrypsin where the hydrolytic reac-

tion may be represented by equation 1,

~
~

Eo + 8y m——== ES§ ———>» E. + P, o
Y e gt Fip t o
k.,
ko + k.
L T, - - i - L) » k|
that where Kq = ———=2 , the KS may be consildered to be

e e

S

an apparent dissocliation constant, Ksézk?/kj. The work
here would seem to support this view and provide additional
verification for the fact that k9)> ké and that Kq is truly
a dissociation constant

If one assumes that K, remains constant at a value

S

of 8.0 + 1.6 x 1073 M, values of v based on an arbl-
trarily chosen inlitlal substrate concentration can be

calculated for each of the THAM-THAM.HC1 concentrations.

These are shown in Table VII. Using these velocitiles,
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various plots were made of functions which could exist
between the values of dionic strength, or buffer concen-
tration and the logarithm of the velocities or the veloci-
tiesvthemselves. While 1t was very difficult to ascertain
which function gave the most definite linear relation-
ships, 1t appeared on the basis of standard deviation and
inspection that a relationship existed between the log-
arithm of the velocity and the sguare root of the ionic
étrength or the molality of buffer to the first power. A
least squares fit of the relationship log v  =a + bJ}T
cave a value of a = 423 + ,022 and a value of b = .467 +
.032. A least squares fit of the relationship log vy =
a + b (M) gave a value of a = 473 + ,030 and a value of
b = .353 4+ .042. The values of the least squares fit of
all the reasonable relationships are listed in Table VII.
Comparison of these values with those found in the THAM-
THAM.HQSOA case will be discussed later. Filgure 1 repre-
sents the relationship between log vy and Jﬁ: The initial
veloclities calculated by means of this relationship are
compared to the ones found experimentally in Table VIII.
In order to examlne the effect of THAM bulfers further,
a set of experliments were carried out in which the buffer

was not the uni-univalent buffer but the uni-divalent

*
THAM-THAM.HpSOu. The parameters held constant were the

3*
Tris-(hydroxymethyl)-aminomethane-tris-(hydroxymethyl)-
aminomethane-sulfate.
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pH at 7.9 + 0.1, the temperature at 25.0°C., the solvent
I
e
was water, the substrate concentration at 3.324 x 1077 M,

and the enzyme concentration at 0.1785 mg. protein-nitrogen
‘per ml. As before the rate of hydrolysis was followed by

the appearance of hydrazine as indicated by the quantita-

tive formation of bis-p-dimethylaminobenzalazine.

e

The kinetic data are listed in Table IX. The initial

velocitlies evaluated by the method of Jennings and Niemann

ey

and for comparison the initial velocities calculated by
the orthogonal polynomial method are listed in Table X.
Again the various relatlonships between the initial velo-

citles and buffer concentration or ionic strength were

sguares its of the data were made.

[}

plotted and least

<t

Again 1%t appeared that the most linear relationship existed
between the logarithm of the velocity and the square root
of the lonlc strength or the molality of the buffer to

£2.2

the first power. A least squares fit of the former gave

i

(L

a value of a = .373 + .017 and a value of b = 461 + ,018.

s

sqguares 1t of the latter gave a value of a =

ey
J
( D
e
w
ot

70 + ,016 and a value of b = .387 + .030. The values

of the least sguares fits of all the reasonable relation-
lsted 1In Table XI, Figure 2 sgshows the relation-
[ the initial velocity and
=1 <~ ey Ty ; A et s aftvoano
1’18 ,:3({1{18»‘1_ e 1"Oo0T CL LONnic glLrens

Since the initial substrate concentrations were dif-

Terent, the intercepts of the plo
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noticed an acceleration of the hydrolysis ra

additicn of non-el t1 oge, L1t d1s evident

SUCT

3
O
fod
o
¢ 3
-
e}

that a combination of effects are simultaneously acting
upon the system. The apparent agreement with equation 20
may be fortultous, or it may be that the effect of ilonic
strength masks the effect of molality.
tilizing eqguation 20, where v 1s Tthe initial
veloclty 1in the absence of added buffer and is dependent
upon the substrate concentratlion, initial velocities have
ceen calculated for the buffers emploved at thelr various
concentrations. The results are presented in Table VIII.
The agreement 1s within the limits of experimental error.
‘Since throughout the studies the assumption that the

reactlion in the presence of increaged amounts of buffer

could be described in terms of eguation 21

-
ro
fd

R

-1s1.)

[E]t = Kg 1n [S}O/iS}t - ([S]O

1t could be expected that upon the addition of this amount

of buffer to the system to the particular system investi-

-

gated where KS remalns constant the specific rate would

Fa sl

also LﬂCT@due with increasing ionic strength of buffer

according to the same relationship,

lTor k O:“E.K\L“ ] o
log kS/kB 0.46 + 0.03 4p (22)
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where | ©
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is the rate constant in the absence of any bufl-
fer. A least sguares {1t of the data according to this
relationship between log kq and JFT gives a slope of
0.468 + .064 and an intercept of .974 + .088 in agree-
ment with this theory. The intercept corresponds to the
logarithm of fThe specific rate constant in The absence

of puffer. The antilog of this corresponds to a kB of
0.94 + 0.16 x 10 -3 M/min./mg. protein-nitrogen/ml. This
is in good agreement with fThe experimentally determined

»

values of kg previously evaluated in the presence of

Y

THAM-THAM-HC1 at a concentration of ,02 F. The frequently

employed concentration is seen then, within the 1imits of
2

o

experimental error, to give a true specific rate constant,
The explanation of how the addition of the bulfer

and the subsequent increase in lonic strength could effect

the change 1in kB while causing no significant change in

ESE]

the value of KS requires more detalled knowledge of the
active site of the enzyme and the environment in the nelgh-

Michaelis constant has

[

borhood of the active site. Th

e Iy

been looked upon ag a measure of the extent of combination
of the catalytically active site with the substrate in

all possible modes (21). The fact that KS doeg not change
would seem to indicate that the cencentration of the total
enzyme-substrate complexes ig not altered. However, if 1%

is remembered that only a few species of the enzyme-

substrate complex exist with the substrate in the proper
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orientatlion for tThe formation of a Transition state and
subseqguent breakdown intoc oroducts, 1t may be that the
Increase in buffer and The consequent dncrease Iin lonlc

whe 4

-

strength effects the eqguilibria involved in the formation
of the active transition gtate. The specific rate con-
stant, kB, should be a direct reflection of changes in
these equilibria. Or, 1t may be that the
the non-reactive enzyme substrate complexes by reactlon
with the complex, per se, or by alteration in The environ-
ment around these non-reactive complexes, 50 as to increase
thelr susceptibility to further reaction.

In any case, 1t 18 seen, that the previous results
where the buffer concentration used has been very much
greater than the normal .02 F THAM-THAM-HCIl, the speclfic
rates constants have been over-estimated. It Would seem
that these results could be corrected by a relationshilp
similar or perhaps equivalent to the one found in the.
case of the hydrazide used in the present investigation.
Future investigators must be aware of the possiblility of
increased initlial velocitlies and hydrolysis rates upon
the addiftion of increased amcunts of buffer as well as

other electrolytes and non-electrolytes,



Enhancement of Rate of Hydrolysis by Addition of Calecium

£y

Ion to alpha-Chymotrypsin Catalyzed Reactlons

The enhancing effect of calcium ion upon the activity

N

of alpha-chymotrypsin has been reported previously (28,2¢,27).

As stated above Neurath found the activity of alpha-chymo-

v

T

trypsin to increase 50 percent upon the addition of 10

}ﬂm.l

M calcium lon to a system containing phenylalanine ethy

During the course of the lonic strength investiga-

=3
o

este
tions the results of Neurath were substantiated by the addi-
tion of calcium lon to the system alpha-chymotrypsin-
nicotinyl-L-tyrosinhydrazide. Activation of trypsin has
recently been studied by several workers (27,37,38,39).

The rollowing experiments were designed primarily to
substantiate the activating effect of calcium ion and
secondly to demonstrate the absence of calcium lon in the
enzyme preparations used, Three setsg of exweriments were

jO2 4

carried out. The first set was conducted at a pH 7.9 +

0.1, a WM-THAM-HC1 buffer concentration of .02 F, a
concentration of nicobtinyl-L-tyrosinhydrazide of 10.028 x

1
- ~1Q

10 M, an enzyme concentration of .210 mg. protein-

*
niﬁrog@n/ml., water as the solvent, and a temperature of

Sy &) O 2 k3 30 3 2
25.0 + 0,17°C, Calcium ion was added to the system a
-
T s e PR i . - -0 .,
calcium chloride in concentrations varying from 10 M to

#* -~
Armour Lot No. 00hOZ Protein-nitrogen 14,6%.
Analysis by Dr., Adalbert



by dete vmﬁling the rate of liberation of hydrazine. The

4

initial veloclties were calculated both by the methods

oo
[

of Jennings and Niemann ( and Booman and Niemann (35).

The kinetic data are complled 1in Table XITI. The initial

D

vV

velocities are summarized in Table X,

A second set of runs was carried out under the
same conditions as above except the concentration ol the
buffer THAM-THAM-HC1 was increased to 1.00 F in an effort

e
O

ot

ain 1f the effect of calcium ion is one which 1s

o

scer
over and above the effect expected simply by the increase

in lonic strength. The kinetic data are listed in

Teble XIV and the inlitial veloclities are summarized in
Tabvle XII.

A third set of experiments designed to demonstrate
the absence of calclium 1In the enzyme preparatlions used

were made. Four runs were conducted with the addition
. ¥
of varying amounts of disodium dihydrogen versenate.
Kinetic data are compiled in Table XV and the initial
velocities are summarized 1n Table XIT,
A caleculation of the initial velocitlies which would
ve expected by the increased lonic strength accompanying

the added calcium salt can be made from equation 20.

cetraacetic
mg. of cal-

*
The disodium salt of ethylenediamin
acid. This seqvestb 1ﬁJ agent complexes 17
cium ion per gm. of versene.

\D
vO C‘"
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1T one assumes 3 vy ©of 2.64 x 1077 %/ﬁlﬁ., correspondling

5

to the avoraA velocity found in the absence of added

.02

~

O

calclium bubt in the presence of f THAM-THAM.HC1, and
also assumes eguation 20 to hold in the case at hand
these expected initlal velocities are egual to the values

listed in Table XII under v, (caled). The initial velocity

is observed to increase approximately 75 percent at 10 M
calcium ion, 65 percent at 107" M, 50 percent at 1073 M,

~4

énd 20 percent at 10 ~ M. The increase at 107% M calcium
ion agrees well with the increase of 50 percent at Q"g M
calcium lon in the case of the alpha-chymotrypsin catalyzed
hydrolysis of benzoylalanine ethyl ester observed by Neurath.
The same type of calculation can be made for the case

where the buffer concentration has been increased to 1.0 F

THAM. The increase here 18 approximately 10 percent at

- .
) N ~ N - g

10 - M, 20 rcent at 10 7 M, 35 percent at 10 3 M, and

55 percent at 107 M. This set of increases isg, allowing

o

for error, of the same order as obgserved In The case of
the .01 I THAM-THAM.HCI.

The values of the initial velocity calculated accord-
ing to the lonic strength and the values of initilal velo-
city observed are plotted versus tThe negative of the

ogarithm of the calcium ion concentration in Figures 8
and 9. It dis interesting To note that the observed
veloclty begins to rise above the calculated velocity

g u reat

between 1077 M and 10 [Ca’ "] and reaches a maximum
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at approximately 10°° I {Ca+ 1. At this point 1t seems
to give ébcut the initial veloclitles expected from ionic
strength considerations. These results are similar to
the results obtained by both Neurath and Laskowski. The
effect of calclum is definitely a specific lon effect

4

which is over and above the ionic strength effect.

An attempt was made To calculate a dissociation con-
stant assuming that calcium reacts reversibly with alpha-
chymotrypsin to form a calcium--alpha-chymotrypsin complex.
A sufficient number of experiments were nolt conducted,
however, to vield a definitive constant.

The formulation of a definitive mechanism for the
effect of calcium upon the alpha-chymotrypsin catalyzed
hydrolyses would regulre a great deal more information
than 1s at the present, known.

Metal lons do not appear to be essential to the
activity of alpha-chymotrypsin. Since Neurath (39) has
shown that the addition of versene {o the reaction com-
pletely reverses any activatlon by calcium lon, the
results of the present investigation where the addition
of disodium dihydrogen versenate caused no diminution in
initial velocity (see Table XII) would seem to indicate
the absence of any effective concentration of calcium
in the present enzyme preparations.

While no completely satisfactory explanation of

activating effect of calcium can be given, in light of
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‘the data at hand, it i1s of worth, to look at some of the
postulated mechanisms.

Recently, Gorini (37,40-42) and Nord (38) in a
gserieg of investigations dealing with the inhibition of
autolysis of trypsin have postulated that calclum exerts
1ts activating influence by preventing denaturation of
trypsin by itselfl and thus allcows the eflfective concen-
tration of trypsin to remain at a higher level. This
explanation cannot explain the activation in the case of
alpha-chymotrypsin since 1t has been shown In & number of
cases that The activity of the enzyme does not decrease in
the perlods during which the experiments are conducted by
Niemann and coworkers. Initilal velocitles of duplicate
runs using the same enzyme preparation remalin constant,
Wwithin the limits of experimental error.

It has been postulated that calcium activation is
exhibited due to The 1nhibltion of dimerization and thus,
effectively increasing the concentratlion of active monomer,
Recent evidence has shown, however, no appreciable dimeri-
zation is observed at pH 7.9 (12).

In a number of the peptidases where the metal ion is
known to be essential to enzymatic activity, 1t has been
postulated that the electrons of the peptlde bond are
rearranged by the metal "through its combination with the
probein centers which attract or vind R' and R" serve to

orient the substrate and fix 1t into position so that



strong electronic attraction of the metal produces an
electronic deformatiﬁm. The simplest explanation of the
resulting hydrclysis of the peptide bond is due to hydro-
gen and/or hydroxyl ion catalytic effects.” {43). While

he metal may not be essential to the tivitv, inter-
action with alpha-chymotrypsin in a similar manner would
increase the hydrolysis rate,

I one assumes that there are a number of possible
mod of combination of the substrate with the enzyme and
that only a few lead to the transition state, the effect
of calcium must be elther to shift the equilibria between
the unfavorable modes and the hydrolytically susceptible

mode in favor of the latter by formation of a calcium-

hymotrypsin complex, which 18 stilll active, or to alter
the structure and shape of the active intermediate to
allow the formation of complex or departure of products

to proceed more readily.

In conclusion 1t might be sg8tated that a complete in-
fu) A

e

vestigation of the effect of calcium lon on the kinetle

congtants, KS and kS would permit a more definitive inter-

pretation of the problemn,



Experimental and
Synthesis of substrate.--Esterification of 25 gms. of

L-tyrosine (.014 mole) with ethanolic hydrogen chloride
cave 2L.1 gms. of L-tyrosine ethyl ester hydrochloride

O

(.0112 mole - 80%). Liberation of the esber by slurrying

(.
the hydrochloride in chloroform fellowed by the addition
of chloroform saturated with ammonia, removal of the am-
monium chloride by filtration, and evaporation of the
chloroform gave 19.4 gm. of L-tyrosine ethyl ester (.0108
mole - 67%), m.p. 106-108°C.

Acylation of the 19.4 gms. of L-tyrosine ethyl es

(.0108 mole) with nicotinyl azide gave 15.8 gms. of nico-

tinyl-L-tyrosine ethyl ester (.0056 mole - 52%), m.p.
- Py O g 3 - . ) . E1
1454 - 147.5°C. The crude acylated ester was dissolved

in ethanol and added slowly to an excess of hydrazine.

The solution was refluxed for three hours and the white
solid filtered and dried. Two crystallizations from one
liter of water gave 14.5 gms. of nicotinyl-L-tyrosinhydra-
zide (.0053 mole - 95%), m.p. 245.5 - 246.1%. {cﬁj%D'SK

+ 24,8 + 0.6 (C, 2.3% in methyl cellosolve).

Anal., Calcd. for ngﬁlﬁO%N&: ¢, 60.00; H, 5.37; N, 18.66
Found ¢, 60.12; H, 5.42; N, 18,80
Found ¢, 60.20; H, 5.51; N, 18.62

s

Ahl analyses were made by Dr. Adalbert Elek, EL
Microanalytical Laboratories, Los Angeles, Californlia.

&3]
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Buffer Solutions.--The tris-{hydroxymethyl)-amino-

methane used was Matheson and Company practical grade

decolorized with Norite and recryvstallized three times

u

R o
from water, m.p. 169.3-169.6°C. In each case

0
O
t‘“‘“)

lution was made up with 10 times the deslred concentra-
tion by dissolving the required amount of the amine in
water and bringing to pH 7.93 + 0.05 with concentrated
ngd%ochloric acid or concentrated sulfuric acid depending
upon the system. The addition of one milliliter of thes

olutions to the ten milliliter reaction flasks gave tThe

6]

egsired final concentration.

o

Enzyme Solutions.--The enzyme preparations used were

obtained from the Armour Research Division, Chicago 9,
I1llinois. Lot No. 10705 was analyzed for protein-nitrogen
by Dr. Adalbert Elek after precipitation with 5% tri-
chloroacetic acld in the usual manner. Found: 11.9%,

Lot No. 00562, used in the calcium investigations analysils,
gave 14.6% protein-nitrogen. Solutions of seventy-five

)

milligrams of enzyme 1n five ml. of water were prepared
ag follows: the enzyme was weighed on a small boat con-
structed of black welghing paper. The boat was inserted

into the neck of a five ml. volumetric flask containing

a small amount of water. The enzyme was tapped into the

flask and placed in solution by gentle swirling to limi
the formation of . One ml. of the above solublon




: e

dn a ten ml, reactlion flask gave the reguired final con~-

]

ponds to 00,1785

w

centration of 1.5 mg./ml. This corre

o

mg. protein-nitrogen/mi. for Lot No.

bod

0705, and 0.218 mg.
protein-nitrogen/ml, for Lot No. 00592.

The enzyme was thermostatted at 25.0 + 0.1°C. No
aliquots were taken from stock solutions which had been

kept for more than two hours. No drop in activity could

be noted in This time.

Reactlon and Analysis.--Solutions containing the

desired amount of substrate in 8 ml. of water and 1 ml,.
of the buffer system used, and in the case of the addi-
tilon of CaClQ the reguired calcium concentration, were
egullibrated in a Sargent constant temperature bath for
15-20 minutes at 25.0 + O.lOC. Pifteen seconds belore
zeroc time, one ml. of the enzyme solution was withdrawn
from the enzyme flask and pipetted into the reaction
flask at zero time. The flasks were swirled gently five
times and replaced in the bath. At equal time Intervals

P

of one, two, or three minutes, depending upon rate of

hydrolysis, one milliliter aliquots were withdrawn from
the reaction flask and pipetted into the sultable slze

color-developing flasks contalning the acld and aldehyde

L pl

I

solubion described under next heading. Th

D

> ecolor was

pot

allowed to develop for twenty minutes and then the optical

density was measured In 1 cm. guartz cells in the Beckmann



Model B spectrophotometer at 455 mp against a water blank.
The optical denglity in larger flasks than ten ml. was

converted to 1ts egulvalent reading and recorded.

@]

{

Acid and Aldehyde Solutions.,--0One hundred and forty-

o

four ml. of Bakers Analyzed hydrochloric acid (spec.

el
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tilled water. One milliliter of this solution in a

10 ml. color-developing flask results in a final acid con-

A solution of one gm. of para-dimethylaminobenzalde-

-

hyde in 100 ml, of absolute ethanol was prepared. The

aldehyde used was Matheson and Co. reagent grade, re-

q s - - -~ ~0 N
crystallized from agueous methanol, m.p. 75.5-75.9°C. One
milliliter of this soclution in a Ten ml. color-developing

flask corregponds to a final aldehyde concentration of

o

-

-

I x 10 ° M.

0.6

—J
o
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es and
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1 Kinetic
Chymotrypsin Catalyzed H: dwciys1q

Constants of the
of Nicot

alpha-
inyl-L-

i

tyroginhydrazide at pH 7.9 25.07C, Using
Variocus Concentrations of the Amine Component
of a THAM-THAM-HC1 Buffer System
3 ) ! {
[Buffer] {8]O(a> vo(b) JO<C> Jgg\d) m(e

.01 F 1.01 0.24 0.22 +0.03 2
2.52 0. 44 0.43 +0.05 3

5.03 1.04 1.05 73 13 2

10.06 1.95 1.85 +0.33 2

20,12 3.54 3.24 +0.27 3

20,12 3.56 3.34 +0.10 2

30.10 4.62 4,20 +0.63 3

Lo,24 5.95 5.67 +0.55 2

- 2

Kg=7.35+1.65x10 oM g=6.97+2.50x107°M

k3:0.91f0.16xlﬁ"3 k3 =0.84+0.13x 03
.10 1.01 0.30 0.34 +0, 02 3
2.52 0.70 0.67 +0.02 2

5.03 1.39 1.35 +0.13 2

10.06 2.71 2.72 +0.09% 3

20.12 4,01 4,08 +0, 14 3

30.08 6.36 6.00 +0.27 2

ho 8.59 3

Y

s
i

8.2‘¢l.18x10“3ﬂ

kB:E.BTfO.B(

20,12
30.00
Lo,10
50,10
60.10

1

Kg=8.66+1.78x10"

k,=1.57+0.29x10"
3 +

%10

8.08

5.20
7.98
9.15

10.70

11.57

*

! i
Kg=8.36+2.681

T0.,1h

ké:1.39f0.23

U
.
e

=]

10.02
10,41
11.41

OO OOCO
\OUJT o= O

Pt et 1
WO EUTLR

il

=1.52+0.34x1¢

ExS AV A VY

8.48+2.71x10"3m
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Tavle 1.--Continusd

3\ P A 3
o . {a) (p) 1 {e) (a) (e)
Buffer [ ' v v ' P
[ r] (51, o o v m
75 5.01 1.40 1.41 +0.04 2
20.0 5.74 6.17 +0.09 3
30.00 .16 g8.42 +0.16 3
50, 1C 10.75 11.05 +0.46 3
60.10 12.16 12.05 +0.14 2
' ~ oy - ""3 ! o 3 “3 i
Kg=7.5241.53%x10 ~1 Ko=7.6641.72x10 M
- T ) \"3 ! "y mw?)
k3:1.57+0.30X10 k3m1.94+0.39x1u
. S0 1.0z 0.43 0.42 +0. 06 2
2.56 1.16 1.15 +0.06 2
5.03 2.33 2,12 +0, 03 2
10.22 4,28 4,36 +0.07 2
20.36 7.29 7.55 +0.25 3
40.72 12.60 12,60 +0. 09 o
- 1 . e
K=8.31+1.79x10™°1 Kq=8.57+2.62x10 "M
I, =2.15+0.32x1073 k=2 ,30+0.40x1073
LBWM..LJ” o DAL ¥ 34—%. Jw . (.
a \ . - T
( >[S]O is in units of 10 " M
<D)Initia1 velocities determined by the method of
Jennings and Niemann. Vs is in units of 1075 M min. -,
(C)Emitial velociyles determined by the method of
Booman and Niemann. Vo ig in units of 10-5 M min.”
( d } 1 1. . . 3 / \ ' » @ I o \*5 T
Probable error in {(c). d% 1s in units of 10 M
min. ", o)
%
e )n . P - X . ; .
( !The order of the polynomial used in calculation of

) 1
)Tf Elslo s ars I 1mita N S /‘"\(;‘ )1 ot -
Koo ana K., are 1n unidts oL M/ mifn./mg. protve in
3 it



Table II

alpha-Chymotrypsin Catalyzed Hydroly of Nicotinyl-L-

o A
- oo On
o

Ve is
ff”OaiﬂQV””& zide at QH f 5 a@d

.01 I with Respect to Amine Component of Tr L0~Lnjd OXY ~
methyl]-aminomethane--Tris-[hydroxymethyl]-aminomethane-
hydrochloride Buffer System

*
[E] = .1785 mg. Protein Nitrogen ml. -1

~=H o Poo .
[S}OX:LQ ‘b(mll’}) D"B in m t! t
00 "t
1.01 2 .024 .06L84 1.93 -
4 .039 10705 3.79 -
6 . 059 .16720 5.53 -
8 .072 .20782 7.23 -
10 . 086 .25376 8.84 -
12 .100 .30158 10.36 -
14 L1118 36741 11.72 -
16 127 JLo1u6 13.17 -
18 L140 5362 14,47 -
Dilution Factor 1:10 % Hydrolysis 36.5
v, =0. 2hx10” ’M min. -1
2.52 1 L0273 .02761 1.00 -
3 L0582 . 05543 2.92 -
6 .113 .12486 5.62 -
g 150 .17395 8.27 -
12 .168 .23111 10.75 -
15 .239 .28503 13.08 -
18 .287 .35488 15.16 -
21 . 320 41409 17.20 -
Dilution Factor 1:10 % Hydrolysis 33.¢

B
v, =0.44x10 “M min.



Table II.~~Continuéd

D
- =4 ey 00 - '
LS]Ole t{min) D, n g——5- £ "
[e]6] C
5.03 2 .088 .04582 1.95 2.01
4 .166 . 08683 3.82 L_oo2
6 Lebl .13540 5.61 6.03
8 317 .17981 7.33 8.05
10 .381 .22019 8.98 10.07
12 ANy L27611 10.49 12.10
14 .525 .31845 12,00 14.13
16 .565 34745 13.52 16.17
18 .665 L2068 14,67 18.22
Dilution Factor 1:10 % Hydrolysis 34.6
vgzl.O@xlO"Dﬂ_miﬂ.“l
10.06 2 .150 . 04018 1.96 2.01
4 L2901 .07880 3,86 4,02
6 Lleg .11866 5.68 6.03
8 .576 ,16211 7.51 8.05
10 720 .20782 9,11 10,09
12 .833 .ehhsl 10,74 12,13
14 .958 .28503 12.34 14,18
16 1.086 .33146 13.78 16.24
18 1,212 .37844 15.21 18.32
Dilution Factor 1:1 % Hydrolysis 31.5
o —
voxl,95 ¥ 107°M min. .
20,12 1 L1137 .01488 1.00 0.99
o 274 .03536 2.01 1.96
3 415 .05543 3,02 2.93
b L5442 . 07324 4,03 3.88
5 .690 . 00440 5,05 4,81
6 .807 .11064 6.06 5.73
7 LOBL .13278 7.08 6.63
8 1.095 L1535 8.11 7.53
Dilution PFactor 1:10 % Hydrolysis 14.72
“5?\/“ “E

VO:3,5MXKO M min.
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II.-~-Continued
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Tavle II1.--Continued

D
. i
S]OXIQ”A t(min) D, In 55 o g
v oo 7t
5.0%3 2 .1l21 . 06L8Y 1.93 2.00
4 .22 L12574 3.76 4,01
6 .329 .18813 5.48 6.02
8 el .24686 7.10 8.04
10 .502 .30305 8.63 10,06
12 .586 .36304 10.06 12,10
1k .657 1871 11.44 14,13
16 LT48 44348 12.66  16.16
18 .810 54754 13.86  18.22
Dilution Factor 1:10 % Hydrolysis 42.2
v =1.30x10"°M min. *
O i
10.06 2 .225 .06015 1.94 2.01
il L4377 L12044 3.78 L,o2
6 .635 .18065 5.53 6.05
8 .825 L2L137 7.18 8.0%
10 . 985 .2063¢ 8.76 10.13
12 1.160 .35976 10.22 12,19
14 1.326 L2002 11.59  14.27
16 1.470 L8243 12,93 16.34
18 1.608 L54232 14,1 18.41
Dilution Factor 1:25 % Hydrolysis 41.9
v =2.71x10"°M min. *
O p—
20,12 1 208 02761 0.59 1.00
2 Rivele . 05448 1.95 2.01
3 . 586 .07973 2.60 3.02
L .780 L1070 3.83 L, oh
5 gu6 .13889 .73 5.06
6 1,142 16125 5.63 5.00
7 1.326 .18979 6.49 7.12
8 1.487 21511 7.34 8.16
Q 1,655 Ph216 8.18 9.21
Pilution Factor 1:50 % Hydrolysis 21.5

-

vox4.9lxlo"bﬁ min.
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D
(8] x10” t{min) D, 1n 22 o g
] |9 D -Dﬁ—
o0 C
30.08 2 .660 . 05621 1.95 2.02
3 .910 .08249 2.90 3.03
4 1,140 . 10436 3.8 4,06
5 1.350 .12486 4,78 5,08
6 1.560 L14583 5.69 6.11
7 1.865 17730 £.55 7.15
8 2.070 .19885 7. 44 8.20
9 2.300 L22314 8.32 g,22
Dilution Factor 1:50 % Hydrolysis 20.0
. -5 .. -1
vozé.j6x10 5ﬂ~m1n.
4o, 2L 1 .625 L04113 0.99 1.01
2 .975 .06578 1.96 2.02
3 1.300 . 08801 2.91 3.04
4 1,620 .11154 3.85 4,09
5 1.880 .13015 4.79 5,11
6 2,220 . 15613 5.69 6.15
7 2470 17479 6.60 7.20
8 2.790 .20048 7 .49 8.29
9 3.050 .22081 8.36 g.26
Dilutlon Factor 1:50 % Hydrolysis 19.8
Iaie e ;\,“E}”\ 2 -1
VO:S.Juxlu M min.
* . [ - s o
Armour Lot No. 10705. Proteln Nitrogen 11.9%.

Analysis by Dr. Adalbert Elek.
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4, [s] /ﬁ Vs, S] graph for the system of alpha-
chymotryp51n n100b1ny1 ~L-tyrosinhydrazide at pH 7.9
and 25.0°C.

0.1 F with respect to the amine component of
THAM THAM.HC1 buffer system.

[S]., is in units of 107% M. [S]O/VO is in units
of minutes.



alpha-Chymotrypsin Catalyzed Hydrolysis

~4g-

Table

v

tyrosinhydrazide at pH 7.

5 F with Resgpec

= O

F t to the Amine Component of
ris- hJuWOXjﬂeuﬂvq) ‘aminomethane--Tris-(hydroxy-

of Nicotinyl
9 a d 25,0°C,
-

a

y

..2,..

VO=7.§8X10“)M min.

methyl)-aminomethane hydrachloride Buffer System
*
[E] = .1785 mg. P. N./ml.
S] <10t t{min) D 1n 200 £ £
i LA ‘ il 4 e T
20.12 2 Rivde; , 06297 1.95 2.01
3 .665 .08618 2.89 3.03
4 .850 .11689 3.81 4,05
5 1.025 .14323 L,72 5.07
6 1.185 L16720 5.61 6.10
7 1.350 .19309 6.48 7.13
8 1.505 21729 7.34 8.17
9 1.645 24059 8.18 g.21
10 1.780 .26300 9,01  10.25
Dilution Factor 1:50 % Hydrolysis 23.2
v =5.20x107 "M min.
30.00 2 770 .06952 1.95 2,02
3 1.090 .oyjoA 2.8¢9 3.04
4 1.400 .13015 3.82 4,06
5 1,710 161“" 4,72 5.10
6 2.000 .19144 5.60 6.14
7 2,280 .22081 6.47 7.19
8 2.530 24916 7.31 8.24
g 2.770 .27687 8.15 9.30
10 3.000 .30379 8.9¢ 10.36
Dilution Factor 1:50 % Hydrolysis 26.2
-1
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Fig. 5. [8] /V vs. [S]_ graph for the system of alpha-
chymotry851n -nicotinyl-L-tyrosinhydrazide at pH 7.9

and 25.0

0.5 F with respect to the amine component of

THAM-THAM-HC1 buffer syﬁtem.
[S] is in units of 10~ .

mlnutes

[S8]1,/vy is in units of



alpha-Chymotrypsin Catalyzed Hydrolysis of Nicotinyl-L-
tyrogsinhydrazide at pH 7.9 and 25.0°C. -
0,75 F with Respect to the Amine Component of a
Tris- hydé@ﬂymethyl}~am*nomebhaao~~g is-{hydroxymethyl)-
aminomethane~hydrochloride Bulfer System
(E] = .1785 mg. P.N./ml

D

ot
e

3

et

.680 . 43889 11.34
1 gt .4g653 12.61
18 .805 .BL71p 13.86

N
P
N

X ~=h 5 00 . :
[S] x10 ' t(min) Dy in T ot £’
) v oo 7t
5.01 2 L1458 .07880 1,92 2.00
L .255 14323 3.73 4,01
6 .354 . u496 5.43 6.02
8 Riise 26236 7.04 8.04
10 520 .318&5 8.58 0.07
10 602 STTT5 10.00 2.10
4
6
8

bt fd et e

>

b=
O

Dilution Factor 1:10 % Hydrolysis 42.1

-5, -1
v, =1.40x10 "M mi -

20.00 2 625 . 08526 1.93 2.02

4 1.090 .15357 3.76 L.o6

S 1.460 .21187 5.52 6.12

8 1.865 27914 7.17 G.21

10 2,260 . 35066 8.72 10.32

12 2.585 1ot 10.21 12,44

14 2.805 Lus7hoe 11,72 14.56

16 3.015 .50138 13.17 1@.79

18 3.265 .55732 14.54 18.86

o7

% Hydrolysis L2.7

)
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(Sl
Fig. 6. /V vs. ]O graph for the system of alpha-
chymotryp51n nicotinyl-L- tyr081nhydra21de at pH 7.9
and 25.0°C.

0.75 F with respect to the amine component of
THAM-THAM-HC1 buffer Syﬁtem
[S] . is in units of 107

S1,/v, is in units of
minutes.
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Table VI

alpha-Chymotrypsin Catalyzed Hydrolysis of Nicotinyl-L-
tyrosinhydrazide at pH 7.9 and 25.0°C

.90 P with Respect to the Amine Component of a
Tris-{hydroxymethyl) aminomethane--Tris-{hydroxy-
methyl)-aminomethane hydrochloride Buffer System
r 1 * -
[E] = .1785 mg. P.N./ml.
| D
S}Oxlo“L t (min) D, 1n 599:§ﬁ t g
) 00 Tt
1.02 2 . 095 27990 1.75 -
4 124 .38389 3.32 -
6 167 .56076 4,58 -
8 176 .60213 6.02 -
10 .19& .60064 7.23
12 211 .78161 8.35 -
14 221 .839&1 9.63 -
16 .240 .95941 10.30 -
18 .258 1.08822 10,94 -
Dilutiocn Factor 1:10 % Hydrolysis 66.3

-5

v =0.43x10""M min.~

2.56 1 . 067 .07138 0.96 1.00
3 L157 .17562 2.75 3.01
5 .243 . 28668 4,36 5.02
7 .303 .37156 5.85 7.04
g .380 .Lo3L8 7.09 G.05
11 430 .57885 8.34 11.08
13 L7 .670 039 .49  13.10
15 524 .76965 10.47 15.14
17 .567 .86961 11.39 17.17
Dilution Factor 1:10 % Hydrolysis 58.0

_ - )
vozl.16x1© “M min.



-2

6o

Table VI, ~-~-Continued

-4 . Poo
(s8] x1 t(min) D In = £ oA
o t DyoDr
5.03 2 .215 . 11866 0.95 1.00
4 .386 .22394 3.60 4,02
6 529 .32208 5.16 6.04
8 L6614 42068 6.59 8.06
10 .780 .52117 7.86  10.10
12 .890 .beeye 9,05 12.14
14 .980 .71345 10.16 14.20
16 1.081 82724 11.04 16.26
18 1.157 .02187 11.95 18.31
Dilution Factor 1:10 % Hydrolysis 60.2
v_=2.33x107°M min. "
10,22 1 .191 .oloTh 0.98 1.00
2 .372 .0098L 1.01 2.01
3 520 .14323 2.81 3.02
i .659 .18647 3.68 4,04
5 .825 .23745 4,50 5.05
6 955 .28065 5.29 6.07
7 1.086 .32569 6.05 7.10
8 1.198 .36672 6.79 8.14
9 1.298 Jhobilh 7.52 .18
Dilution Factor 1:25 % Hydrolysis 33.2
‘VO:4.28x10”3§ min,~1
20.36 1 .305 .04018 0.98 1.01
2 .580 .07788 1.93 2.02
3 875 .12012 2.86 3.04
4 1.155 .16040 3.75 4,06
5 1.410 .19967 4,62 5.10
6 1.650 .23825 5.46 6.13
7 1.895 .27914 6.27 7.18
8 2.115 .31699 7.06 g8.23
9 2.365 .36255 7.81 9.29

Dilution Factor 1:50

% Hydrolysis 30.4
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Table VI,~-Continued

D
il . 00
(8] x10™ " t{min) D 1n i £
' t Doowut

Lo,72 1 .6ls . 04209 0.99 1,01
2 1.120 L07510 1.95 2.03
3 1.640 L11154 2.89 3.05
L 2.130 .14756 3.81 4,09
5 2.585 . 18149 4,71 5.14
6 3.025 .21584 5.59 6.22
7 3,425 24842 6,45 7.28
8 3.860 .28518 7.27 8.36
g L,330 .32641 8.06 G, 40

Dilution Facbor 1:50 % Hydrolysis 27.08

5 . -1
“M min.

VO:EE.GOXIO"

* - N N o T ] N,
Armour Lot No. 10705. Protein Nitrogen 11.9%.
Analyesis by Dr. Adalbert Elek.
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t Sguares Consta b rious Relationships between
Initial Velocitles, Ionic Strength, and Molality
of THAM-THAM.HCI Buffer Systems
Y {30 7
(a) o) frrran] (C) Yy (a)
| / log v °© [THAM] V™ HAM ] 1 ,/
VO L0 o LTHAI [TL;A‘EA }A }l
o - N
2.50 LAoB2 01 . 100 . 006 . 025
- o e P 1
3.85 .5855 .10 .316 .061 L2HT
3 AT - o
h.h2 .BUsh .50 .707 .305 552
= o - 7o
5.51 .Th1e N .866 458 .07
6.05 L7812 .90 .Gho #Bhg L7481
A least sguares {1t of the relationship ¥ = a + bX
where Y and X are the indicated functions, gave, within
the limits indlcated, the values of slope and intercept

below;

(e)

v X slope (Db) intercept (a)
log v _ vE 467+ L0032 L2z + o022
log V; ! 578 F . 085 A730 1+ .029
log v v .390 ¥ .032 o4 ¥ 026

o v - - ~e - ~
log v, [0 353 % .052 473 % .030,
v, )2 557 & .06k 2ok 3 Lopi(f)

a)- o , L
( ‘Calculated by using the values of k5 determined at
each concentration of THAM and assuming a constant X, =

8.0x107> M, and aTulzmari?y choosing a substrate concentra-

tion of 1 x 10~ 3 M. The value expregsed ag above 1g in
units of 1072 M/min,

J ) Fd » 3 Al -3 -
(% )por purposes of calculation of the least q ares
fit the mantissa corresponding to 1072 has been dropped.

c) ' . i ;
( )The concentration of the amine component of the

putffer added. Includes both protonated and unprotonated
buffer.



Table VII.~-Continued

The ionic strength at each buffer concentration
a Ula%ed by the equation below on the basis of the
co of buffer species present and all other
lons 1in ?ne reaction medium. The following eguation wa
en

=
o
0
=y
5o
D
ot
L.J
9!
5 ¢

Wa.s

wn>ﬂe'p is ionic strength, m., the molality of the lon
and . Z . the valence or charZe of ion.

ie%=

This 1s the characteristic of the logarithm of
the velocity in the absence of added buffer at a [S]O of
1.0x1072 M. The antilog must be multiplied by 1072

Jm,;.ﬂ .

()10 units of 107" M/min.
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Table VIII

Comparison of Initial Velcocities Experimentally Determined
and Calculated by Eguations Indlicated

THAM-~-THAM-HC1 THAM-TBAM-HQSOa

T
[Buffer] v _(exp.) vO(calch(a) [Buffer] VO(exp.) vg(caicd,)(0>

.01 2.56 2.66 .02 2.43 2.66
10 3.85 3.56 .05 2.89 2.96
50 L, y2 h.7¢ .10 3.16 3.26
75 5.51 5.48 .20 3.86 3.72
Q0 5. 05 5.88 .30 4,36 4,12
ite) 4,63 - 4,49

.50 5.05 4.85

.75 5.43 5.69

1,00 6.61 6.53

a - .
( )Calculated from an assumed relationship belween
the logarithm of Vs and the square root of ionic strength:

x 0 o
log Vg, = .46‘01%-10g Vs where log Vo o= e

Calculated from an assumed relationshlp between
ri

the logarithm of Vs and The sguare root of lonic strength:
S _ o o L L0
log v = Ao fp + log v, where log v_ = = .37.
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Tavle IX

]

“hymotrypsin Catalyzed Hydrolysils of Nicotinyl-
tyrosinhydrazide at pH 7.9 and 25.0°C.

alpha-

Variation in Concentration of Amine Component of
Tris-(hydroxymethyl)-aminomethane~--Tris-(hydroxy-
methyl)-aminomethane-sulfate Buffer System

(5] ( ) 3.324 x :Lo”}"L M

o)
{E}( /= ,1785 mg./protein-nitrogen/ml.

D ;
P J E . 4 o0 7
[Buffer] t{min) D, In = £ t
: t DDy
02 2 .208 .05733 1.95 2.
il L4133 L11511 3.80 4,
6 .586 17226 5.55 6.
8 L7115 .21430 7.26 8.
10 .829 .25208 8,93 10.12
12 1.080 34430 10,30  12.1
14 1.205 .39271 11.76 14,24
16 1.357 45560 13,10 16,30
18 1.585 .55732 13.65 18.40
Dilution Factor 1:25 % Hydrolysis 42.7
v _=2.53x107° M min.
.05 2 .250 .06952 1.04 2,
3 L3772 .10526 2.86 3,0z
il 72 .13540 3.76 4,03
5 565 .16551 4,65 5.
6 667 .15803 5,48 6
7 760 .22952 6.32 7
8 .855 26236 7.12 8
9 .938 .29193 7.92 9
10 1.022 .32208 8.65 10
Dilution Factor 1:10 % Hydrolysis 27.6

= -
v,=2.89%x107°M min,



Table IX.--Continued

, D
[Buffer] t(min) D, in ﬁggfﬁj £ LH
o0 [
.10 1 .129 . 03536 0.98 1.00
2 .252 LO7045 1.94 2.01
3 .365 .10346 2.86 3.02
J21
5 .584 .1930¢ 4,63 5,04
6 .70% .21187 5.46 6.06
7 .806 .2u8hp 6.26 7.08
8 .O04 .27914 7.06 8.1°
9 1.003 .31554 7.72 9,14
Dilution Factor 1:10 % Hydrolysis 27.3
- -5 , -1
VOEB.loxlO “M min.
20 1 L1857 .0l305 0.98 1,00
2 .283 .07973 1.93 2.01
3 U450 .12927 2.82 3.02
L .594 L7479 3.70 4,03
5 .723 .21656 4,53 5,04
6 L8417 .25606 5.37 6.06
7 .982 .30748 6.16 7.09
8 1.107 .35417 6.88 8.12
g 1.201 .30135 7.56 9.16
Dilution Factor 1:10 % Hydrolysis 32.4
g o —
v0x3.86x10 “M min. .
1 .186 .05164 0.68 -
2.1 L3782 .10526 1.¢0 -
3 .505 .1&070 2.70 -
i .5690 .2061¢ 3.63 -
5 .800 .ehogl 4.4 -
6 937 .29118 5.18 -
7 1. 067 .33632 5.88 -
8 1.20 .3933¢ 6.58 -
Dilution Factor 1:10 % Hydrolysis 32.5

vOz#.36xlOWJﬁ'mlp
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Table IX,--Continued
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Factor 1:50
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Table X

Initial Velocitles of the alpha-Chymotrypsin Catalyzed
Hydrolysis of hico?lﬂyl L-tyrosinhydrazide at
pH 7.9 and 25.0 “¢. Using Various Concentrations

of’ the Am¢a9 Component of THAM-THAM- HhSOL
Buffer System

(8], = 3.324x107" M [E] = .218 mg. P.N./ml.

1 [y 3 3

[Buffer] v Xl@j( / v@xl@’(o/ 6\v1<0) Pm(ﬁ>
O

.02 2.43

O 2.89

.10 3.16 3.16 + .05 2

.20 3.86 3.60 T .06 3

.30 4,36 4,35 T L1 2

Ao 4,63 4,oh T J14 2

.50 5.05 5.00 + .12 3

75 5.43 5.10 + .13 3
1.00 6.61 6.39 + .07 4

(@) rpitia
I

1 velocities determined by the method of
Jennings and Nie

emanmn.

4

D) e . s . \ ; ; o
( )1n1@1a1 velocitles determined by the method of
Pooman and Niemann.

( cC ) b ) e N 2 ETRY
Probable error in (b).

dj, . . . s
( )The order of the polynomial used In calculation
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Table XTI
Least Squares Constants for Various Relationships
between Initial Velocitles, Ionic Strength, and
Molality of THAM-THAM-H,SO) Buffer Systems
(a> 1 q) I mirra s "(C (d)
3 L Of il ¥ T Y 'y
. og v, [ THAM ] \/[*HAM} J /)u
2.43 Lho31 .02 L1hah .0183 .1353
2.89 %605 .05 .m236 . 0458 L2143
3.16 . 24957 .10 .3162 . 0915 L3025
3.86 .5866 .20 JhTe .1830 280
h.36 6395 .30 L5477 2745 L5240
4.63 L6656 Ao .6325 .3660 .6050
5.05 L7033 .50 .7071 L4575 o764
5.43 L7348 75 .B660 .6863 .8288
6.61 L8202 1.00 1.000 L8150 . 0566
A least squares it of the relationship ¥ = a + bX
where Y and X are the Iindicated functions, gave, within
Lhe ijlts indicated, the values of slope and intercept
below:
N4 X slope (b) intercept (a)(e)
VP JA61 + 0 .018 373+ .0LY
1 gk 062 AT0 + 0 .029
|}§  468 +  .016 359+ .010
i 387+ .030 JAaroo o+ L0016,
3 o7 T .oh8 283 1 .oeg(f)
JI =
(811 units of 1072 W/min.
(b’ro~ purposes of calculation of the least squares
it the mantlssa corresponding to 10 haS been dropped.

(c)
)

The concentration of

the amine component added.

{

d . ; , ,

‘Y The ionic strength of each buffer concentration
wag calculated analogously to Table VII.

A

€ Jr . . . o - -

( /This is the characteristic of the iOgaflth 01 the
velpcity in the absence of added buffer at a [S} £ 3.324x
10~" M. The antilog must be multiplied by 10 =5 °M/min. to
obtaln velocity.

&f) + RV P " )"' Y »

In units of 1C M/min,
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4.6

42

38—

Vo

34—

30—

2.6

Fig. 8. v_ vs. -log [Ca++] relationship for the system
of alpha-chymotrypsin-nicotinyl-L-tyrosinhydrazide
at pH 7.9 and 25.0°C; @ - observed velocities;

A - calculated velocities.

.02 F With respect to the amine component of
THAM-THAM-HC1 buffer gystem.

v, 1s in units of 1072 M/min.
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0 o°  10° 10t 10° 10t 10"
—log [Ca™]

P . - T e 1 —- T b2 et ey 2. - S
G, v_vs -10g [Ca | relationship for the system
P Yo e D g g e, : 3 - . S
ui@ﬁ&"CﬂyﬁObepﬁlﬂ*ﬂ_“OulﬁJi"L~{V¢OS inhydrazide
T : - A0 :

at pH 7.9 and 25.0YC.; @ - cbserved velocities;

T with respect to The amime component of
THAM-THAM.HCI buffer syster

P T Y -
18 din units of 1072 M mim.
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XITT

Effect of Addition of Calcium Ion on the alpha-
Chymotrypsin Catalyzed Hydrolysis of B
Nicotinyl-L-tyrosinhydrazide at
pH 7.9 and 25.0°C. at .02 F
Buffer Concentration
*
[E] = .218 mg. P.N./ml.
(8], = 10.028 M. 0o = %.125
» D
[ca "] t{min) D, in <22 £ £h
DD,
00 L
0 o .ohs 06109 1.95 2.00
3 356 .08983 2.88 3.01
4 460 . 11866 3.80 4,02
5 .568 . 14843 I,67 5,0l
6 .668 .17646 5.53 6.05
7 .770 .20701 6.38 7.06
S .852 L23111 7.21 8.09
© .oU8 .26071 8.91 G,11
Dilution Factor 1:10 % Hydrolysls 22.6¢
- ]
v =2.62%107° M min. "
0 2 .248 . 06203 1.65 2.01
3 . 357 L0G075 2.89 3.01
4 a5 . 11600 3.80 L, o2
5 552 . 14323 .69 5.03
6 .oh41 .1688¢ 5.57 6.04
7 L1750 .20048 6.41 7.06
8 .852 L23111 7,20 8.08
S .G20 L25221 8.06 9.10
10 1.013 .28141 8.82  10.14
s}

aml By TN
Factor 1:10
i 1

. e b
VC:Q.©7Xl@ - M min.
5 it

Dilution

N
|

% Hydrolysis

Lt

i o
4.5
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Table XI11.--Continued

{Ca++] t{min) D, in joo = £ Tt
Y D -D,
oo 7L
1070 ° 218 .05448 1.95  2.00
3 314 . 07880 2.89 3.01
4 Rl .10526 3.80 L.02
5 .508 .13013 4,71 5.03
6 .588 .15357 5.60 6.04
7 .668 .17646 6.68 7.06
8 .752 .20130 7.32 8.08
g 829 .22h73 8.15 g.11
10 .930 .25541 8.5 10.16
Dilution Factor 1:10 % Hydrolysis 22.5
- =5 ]
V=2 53x10C 7 M min
1077 2 .230 .05733 1.04  2.00
3 .328 . 082149 2.89 3.01
il JA26 .10884 3.80 4,02
5 .520 L13452 L.71 5.03
6 .599 .15700 5,67 6.04
7 .602 .18308 6.46 7.06
3 .773 .20782 7.30 8.09
g .860 .23348 8.12 9.13
10 .950 .26138 8.¢2 10.17
Dilution Factor 1:10 % Hydrolysils 23.0
g
v,=2.68x1077 M min. T
10”” o .267 L06672 1.94 2,01
3 .392 . 09984 2.87 3.01
4 .507 .13103 3.77 4,02
4.8 L5867 . 15613 4.4 5.04
6 LThe . 18976 5.51 65.05
6.8 .827 L2231k 6.17 7.08
8 ey .25927 7.4 8.11
8.8 1.017 .28po2 7.76 g.14
10 1.100 .31041 8.74 10,18

Dilution Factor 1:10

-h, . -
v, =3.15x107 "M min.

% Hydrolysis 26.7
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Table XIII.--Continued
4 .. oo
[ca' '] t{min) D, 1IN £ Lt
v D -D,
00 C
1073 P .335 .0843L 1.92 2.01
3 .505 .13103 2.83 3.02
I 6T .17057 3.69 i, 03
5 .812 L21874 4,54 5.05
6 L0334 .25696 5.36 6.07
7 1.077 .30231 6.17 7.10
3 1.195 34217 6.90 8.14
9 1.283 .37225 7.65 9.18
10 1.423 JupeeT 8.34 10.24
Dilution Factor 1:25 % Hydrolysis 34.5
VO:@.QQXlCMD It min, °
1077 o .382 .09T712 1.50 2.01
3 .534 .13889 2,82 3,02
4 L7707 .18813 3.68 4.03
5 .834 .22553 L.53 5.06
6 1.000 .27763 5.30 6.08
7 1.105 31188 6.10 7.11
8 1,238 .35701 6.85 8.14
. 1.376 10613 7.54 9.19
10 1,507 Jashol 8.25 10.21
Dilution Factor 1:25 % Hydrolysis 36.5
VO=4.35xlO“3 M min. =
-] / -
107 2 349 .08801 1.92 2.01
3 .525 .13627 2.82 3,02
4 .682 . 180658 3.68 4,03
5 842 20791 L,51 5.05
6 1.005 L2791k 5.30 6.08
7 1.127 31017 5.68 7.11
8 1.268 .36741 6.82 8 14
9 1.407 L41673 7.490 GL17
10 1,528 . 45868 8.16 o 21
Dilution Factor 1:25 % Hydrolysis 37.2
' 5 1

vo=4.63x1077 M min.

e
Armour Lot No. 005¢Z.
Analysis by Dr. Adalbert Elek.

Protein-nitr

ogen 14.

o
O .
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Table XIV

Effect of Addition of Calcium Ion on the alpha-
Chymotrypsin Catalyzed Hydrolysis of Nicotinyl-

L-tyrosinhydrazide at pH 7.9 and 25.0°C.
at 1 F Buffer Concentration

+#
;EQ = .218 mg. P.N./ml.
f - ISTo TSl . -
LSJO = 10.028 M D, = L,125
DOO
alcium t{min) D, In 55 £ th
7 oo %t
0 o .366 .“““58 1.92 2,01
3 L5182 .13278 2.83 3,02
4 .65 .17311 3,70 4.ok4
5 .795 .21430 4,56 5.05
6 .909 .2491¢ 5.308 6.07
7 1.065 .20861 6.15 7.10
3 1.165 .33218 6.92 8.13
9 1.309 .38185 7.61 9.16
10 1.368 .ho279 8.38 10.20
Dilution Factor 1:25 % Hydrolysis 33.2
O
VO:B.BOxlO M min.
1077 2 .354 . 08983 1.92 2.01
3 523 .13540 2.82 3.02
4 .655 .16635 3,70 L, ol
5 .815 .21546 L.sh 5,05
6 .ols .26004 5.36 6.07
7 1.060 29713 6.15 7.10
8 1.216 .34926 6.86 8.13
C 1.322 .38662 7 .45 9.16
Dilution Factor 1:25 % Hydrolysis 32.0

1
V0z4.20x10 5 M min, "
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Table XV,--Continued

D

Versene t(min) Dy 1n ﬁggjﬁz £ (A

CO G
L0051 gm. 2 .28k .07138 1.95 2.01
3 .382 .09712 2.87 3.02
i .483 .12486 3.78 4,03
5 .570 . 14843 L,68 5.04
6 .692 .18398 5.54 6.05
7 .783 .21025 6.38 7.07
8 .873 .23745 7.21 8.09
9 .G68 . 26687 8.01 9.12
Dilution Factor 1:10 % Hydrolysis 23.4
5

VO:2.72x1@“ M min.

..x.
The disodlum dihydrogen salt of ethylene dlamine
tetracetlc acid.

,X. .Xm 7
1 a

Armour Lot No. 00592 Protein-nitrogen 14.6%,

Analysis by Dr., Adalbert
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INVESTIGATIONS IN THE COLORIMETRIC

OF HYDRAZINE
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needless error into the determi-
£ Al 4 ol

the number of experimental overations

involved in following the course of a typical enzymatic

this case, of the parameters involved in the analysis, an
attempt has been made to define the conditions for maximum

eproducibility of the assay method. Specific

8]
[
(&
-
O
ot
=
Ay
=
jo
%

attention has been directed to those factors involved

when the method is applied to the determination of hydra-
iberated in the alpha-chymotrypsin catalyzed hydroly-
sis of hydrazides.

The procedﬁf@ introduced by Lutwack consists of the
additlion of aliguots of reactlon mixture, contalining
enzyme, buffer, unhydrolyzed substrate, and hydrolysis
products to a series of aclidic solutions of p-dimethyl-

aminobenzaldehyde. The intensely-colored azine catilon

ig formed according to eguations gilven below:

CHs\ H,NNH, CH3
2 N CHO"—"‘" ) H=N-N= CHO
/
CH,
Ht CH; - /CH3
—. N \ ) CHNNCH
C
e P ot
cH/ H CH,
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The following experiments desgcribe The ?einvestigatiom'
of factors invelved in the determination which needed closer
examination and the study of other factors in order to stand-

ardlze the procedure,

Discussion of the Resulls

The U/V spectrum, beéween KOO and 500 mp, of the
colored assay mixture 1s shown in figure 1. Curves I and
Ia were produced by The simple golution contalning alde-
hyde and known amounts of hydrazine sulfate at two difl-
ferent acid concentrations used in the Beer's Law call-
bration (see below). Curve II shows the sgpectrum of a
typical sample containing all the components of tThe normal
hydrolysis reaction solution. It 1s apparent that the
position of the peak at 455 mp is not affected by these
changes in the constltution of the solution. It has also
been established that a known amount of hydrazine gives
rise to the same optical density whether or not enzyme
and the other reactants are present in the solution., The
calibration and use of the assay method is therefore justi-
fied.

The factors which have been examined in the system
may be reviewed as lollows:

{a) The choice of a blank.

(p) The effect of temperature upon the optical

density of the azine solutlon.
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The time of development of the color.

Dependence upon the composition of the color-

o
O
L

developling solution,.

(e) Adherence to Beer's Law.

The Cholice of a Blank.--It has been found that the

optilcal density at time € must be corrected for a zZero-
time optical denslity when ethanol, water, or an air-path
is used as a blank. This zero-time optical denslty 1s

d and aldehyde

fote

due partly to intrinsic color of the ac

1

che reaction of the acid and

e

solution and partly Lo
aldehyde solution with unhydrolyzed substrate or free
hydrazine occluded by it. The most important contribu-
tion to This optical density, however, arises from
turbidity produced when enzyme-containing aliguots are
added to an acid solution of too high concentration.

This turbidity may be alleviated to some extenﬁ by dilut-
ing the aclid and aldehyde solution to about elghty per-
cent of the final volume before the additlon of the
reaction aliquot.

However, 1T a blank containing the enzyme, the buf-
fer, acid, aldehyvde, and the substrate all in The same
concentrations as in the typical solution is used, the zero-
time correction 1s reduced to a random error of approxi-

mately + 0,004 0.D. units.
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The effect of temperature upon the optical density

of the azine solution.--Since the enzymatlc hydrolyses

are carried éuﬁ at 2506., it has been convenient to
equilibrate the color-developing solutions and the light
absorption chamber of the Beckmann Model B spectropho-
tometer at this temperature. Optical densities in all

the calibration curves were determined at 2500. How-
ever, since some earller Investigations had not taken

ﬁhis into account, it was of interest to deftermine the
relationship between optical density and temperature in
some representative optical density ranges. This rela-
tionship 1s shown in three different regions, in figure 2,
The results indicate that the optical density decreases

at the rate of approximately 0.46 percent per degree cen-
tigrade rise in temperature in the range 15-4000. In the
highest optical density range investigated there i1s an In-
dication of hydrolysis of the azine above 3500. as shown
by a drop in the observed optical density below the value
expected from the temperature-optical density relation-

ship.

The time of development of the color.--Pesez and

Petit (1) reported that the color development in a similar
system was complete in fifteen minutes. This was con-
firmed but a subseguent upward drift after twenty-five or
thirty minutes was noted. This error was eliminated by

standardization of the development time at twenty minutes.
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Dependence upon the composition of the color-~developlng
golution,~~Using an lodate-standardized solutlon of hydra-

zine sulfate the optical relationships have been deter-
mined at three different aldehyde concentrations and vari-
cug acid concentrations. The results are shown in figures
3, 4, and 5.

It is seen that the fand@% error in optical density

at a fixed acid concentration, is minimized when the

5
aldehyde concentration 1s approximately 2,684 x 10~ M.
This observation conforms to the results of Wood (2), who
Sype curve between optical density
and aldehyde concentratlion at [ixed hydrazine and acid
concentrations.

The figures also show that the effects of varilation
in acid concentration are minimized in the solution of
the higher aldehyde concentration; reduced acldlly seems
to lead to greater adherence to Beer's Law, although

t acld concentrations slightly lower than the ones used,

chere 1s the risk of precipiftation of the azine., 1In
concentration is 2.684 x 107" M in absolute alcohol (4 gms.
chloric acid. The obvious disadvantage of such a system

(cf, figure U4 with figure 3) lies in the much higher opti-

cal densitsy oduced v a given amount of hydrazine.
2. L) s
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 While this allows the detectlon of a lower concentration
of hydrazine, 1t produces far too inténSe a color at the
higher concentrations., When prolonged or rapid reac-
tions are beling studied, this may necessitate dilution of
The samples or usge of thinner cells. The former procedure
has been found to be valid provided dilution is carried
out before the optical density of the sample exceeds
1.0-1.2. If the non-linear portion of the curve is too

»

v approached, dilution techniques will give rise to

e
b
o]
0]
W
bt

a stepped optical density-time relationship.

LAdherence to a Beer's Law relationship.--Reference

to figures 3 and 4 i1llustrates the adherence to a Reer's
Law relationship between optical density and hydrazine
concentration in the range of approximately 0-1.2 optical
density units., The Beer's Law constants for these two
different aldehyde concentrations are ?espectively 2,431
M per optical density unit.

Some of the factors to which the non-linearity of
the curve might be due have been semi-gquantitatively
evaluated In an unsuccessful attempt to extend the linear
vortlon of the curves for greater experimental convenience.

In particular, two ways by which a more or less con-
stant proportion of the incident light could escape ab-
sorption have been examined, At increasing optical densi-

o 4 A

ties the deviation produced by these “fe ts would be
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almost exactly approximated 1f a constant 0.2 percent

of the incident light escaped absorption as a

o]

light of other wavelengths of scattered light.

<o

!
1

The band-width of

monochromator was approximately 2 mp at the slit

esult of

he light beam supplied by the

settings

used; the rather broad shape of the peak at 455 mp (see

figure 1) suggests that only an extremely small contribu-

tion to the transmitted energy could be derived from

=h
m

zht o

(=2

e

1

wavelengths other than 455 mp. The po

O

f 1light scattering has also been investigated.

Y

sibl

H

ity

This was

accomplished by selecting a number of values above the

linear portion of the Beer's Law curve and using

open-

ended cells and a transparent insert of calibrated opti-

cal path to bring the values down to where they would be

expected to agaln adhere to Beer's Law. Comparison of

the optical densities obtalned indicates that scattered

s
7

light makes a minimum contribution of 55-60% to the ob-

served deviation in optical densities greater than 1.0-1.2,

The use of the insert (or in effect of thinner cells)

does not therefore eliminate these effects and it is

recommended that optical densities be kept below

value by sultable dilution technigues.

Discussion of Error

There have been a number of discussions of

attainable in spectrophotometric analysis (4-7).
e Ea Y

the above

the accuracy

If the
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optical density, 0.D., is defined, 0.D. = 1QgK}O/I, it has

veen shown (cf. 7) that

] 11 0.434 ;
- -5 g ®

If the percent absorbancy or optical density 1is

lotted versus the logarithm of concentration the graph

ol

passes through a point of inflection where the slope 1is

a maximum. The accuracy 1s the greatest when

ar  _ _dl _ a1 (2)
de/c d (Inc¢c) — 2.303 d {log c) B

reaches this maximum. If the system obeys Beer's Law

this maximum and hence, the minimum error, occurs when

the optical density is 0.4343 corresponding to 63.2

percent absorbance where a 1 percent photometric error pro-
duces a relative analysis error of 2.72 percent. The
variation of the photometric error with percent absorp-
tion or optical densgsity for a system obeying Beer's Law

igs shown in figure 6. It 1s noteworthy that 1f the per-

"

cent absorbancy 1s plotted against the logarithm of con-
centration for systems which do not adhere to Beer's Law,
the graph is equally valuable since the determination of

a point of inflection shows the optimum range for such a

system also. It can be evaluated by rearranging equa-
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ies show small variations about 2 mean value and
methods including adjustment of
concentration by dilution procedures, utilization of

cells of varying thicknesses, adjus

and measurement against solutions of known concentrat

the desired value of 0.4343, It would seem to be more

satisfactory to use the entire linear portion when rapild
and several-fold changes in optical density oecur. This
18 the case in the deternmination of the extent of hydroly-
gis in enzymatic studles. The optical density can be

kept below 1.1-1.2 by sultable dllution techniques.

5

The concentrations as stated above are used In the
next section to determine the enzymatic hydrolysis con-

stants for N-acetyl-L-tyrosinhydrazide.

Experimental

Acld Reagent Solutiong.--One hundred and forty ml.

pec. grav. 1.186,

[42]

of Baker's Analyzed hydrochloric acid (
35.8%) was diluted to one liter in distilled water. One
this solution in a 10 ml. color-developing flask
results in a Tinal acid concentration of 0.167 N, The

various other acld concentrations were prepared 1n a siml-

lar manner.
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Aldehyde Reagent Solutions.--A solution of 4 gms. of

p~dimeﬁhylaminobenzaldehyde in 100 ml. of absoclute ethanol
was pfepared. The aldehyde used was reagent grade
(Matheson and Co.) recrystallized from agueous methanol,
m.p. 75.5«75.900. One ml, of this scluftion in the develop-
ing flask corresponds to a final aldehyde concentration

of 2.684 x 107° M. This solution is stable for periods

up to a week if stored in a dark bottle. The color de-
‘veloping solutions of acid and aldehyde mixture should

be made up as required. The other solutions of different

aldehyde concentrations were prepared in the same manner.

Hydrazine Solutlons.--The hydrazine solutions were made

using reagent grade hydrazine sulfate (NQHA)Q’HQSOa (Matheson
and Co.). The approximate amount desired was weighed and
placed in solution. The exact hydrazine concentration

was determined using the standard potassium iodate titra-
tion to the amaranth endpoint according to procedure of
Penneman and Audrieth (37). The various concentrations

were prepared by dllution of the standard stock solution.

Determination of the Optical Density of the Solu-

tions.~-The hydrazine solutions were added to the color
development flasks in varying amounts and were diluted

to approximately 80 percent of the final volume. Shortly
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before determination, equal quantities of acid and alde-
hyde of fhe desired cdncentration were mixed ahd 2 ml.
aligquots were pibetted into the flasks.. The solutions
were equllibrated at 25.0 + O.lOC.-in a Sargent constant
temperature bath for twenty minutes. The optical densi-
ties of the solutions were then determined in a 1.0 cm.
cell, at 455 mp., in the Beckmann Model B spectrophoto-
meter equipped with a reading chamber thermostatted at
25.0 + 0.1°C. The blank used was a solution consisting
of acid and aldehyde of the same concentration as in the
developing flasks.

The investigations of development time and tempera-
ture effects were carried out in a similar manner main-
taining the hydrazine concentration constant.

The U/V spectra of the azine with and without the
presence of the other components were determined on the

Cary Recording Spectrophotometer, Model 11M.
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hydrazine concentration: 1.527 x 10~ M,
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Fig. 7. Plot of percent absorption versus logarithm of
concentration for azine system obeyigg Beer's Law.
Hydrazine concentration: 1.527 x 107" M.
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Fig. 8. Beer's Law calibration curve. Aldehy@e concen-
tration: 2.684 x 10-2 M; acid concentration: ,
0.167 N; Hydrazine concentration: 1.527 x 1077 M.
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strate concentration was varied over the range 12.7 x 10
M to 66.7 x 10 M. The Initial velocltles were defer-

mined by the method of Jennings and

st
,,_"<

emann (3). From a
typlecal {S}O/ﬁo versus {S}G plot the values of KS and kg
were determined. Values of the constants were; K = 33,0 %
and ky, = 1.2 x 10 -3 M/min./mg. protein-nitrogen/ml.
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An attempt was made to evaluate the primary data by the

method of orthogonal polynomials but due to the variation

]

in zero time correction the calculations simply gave a
estimate of the magnitude of the constants.

An examination of the reaction at an exbended percent

O

(o8

hydrolysis was not carried out by the rat investigator.
The examination which could result in an evaluation of the
a measure of product inhibition, was not done for a
number of reasons, The KI of the amino acid molety as the
reaction product, acetyl-L-tyrosinate, has been determined
as 115 + 15 x 10'3 M and re-evaluated as 110 + 30 x 10"3 M
(4,5}.‘ Upon addition of the other product, hydrazine, to

the reaction, there was no observation of inhibition. Fur-

thermore, it would seem that concern about inhibition by

~
:

the reaction products is obviated by the very low percent
hydrolysis and consequently, the extremely low concentra-

tion of reaction products present.

()
]

In the evaluation of the inhibiltion constants <

acetyl-, nicotinyl-, benzoyl-, and formyl-L-tyrosin-

methylamide, Lands re-evaluated the constants for acetyl-
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hydrolysis and, consequently, the Foster-
Niemann method of plotting the data was used (6). This
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velocities by the method of Booman and Niemann (7). The
substrate was synthesized agaln and the system used was
identical with that of the previous investigators except
for the analytical procedure and the fact that the sub-
strate concentration was varlied over a much broader range

. - il -4

i.e., 4.5 x 10 "M to 120.1 x 10 " M. In no case was the
percent hydrolysis over 9.2%. The initial velocities were
determined by the orthogonal polynomial method. 1In no
case was over a third order 6erm in the polynomial needed
and in every case the zero-time bhlank was lesgs than the
probable error in the optical density. The values of

Ko and kg were obtalined by a least sqguares it of the data

to the eguation:

K
S 1
{S]o/vo = W + W {S]O (1)

The kinetic data are listed in Table II. The initial

velocitles are summarized in Table I. A least sqguares

it of the data gave values of slope and intercept cor-
responding fo Kg = 29.5 + 6.0 x 1073 Mand ky = 1.1 #
.2 x 1077 M/min./mg. p?Oteinwnitrogen/ﬁl. These values

agree within experinental error, wlth the valu determined

f’)

by Lutwack. A Lineweaver-Burke plot of the data 1is shown

in figure 1.

g
The value obtained by Lands of 60 x 1073 M would

seem L0 be in error, An analysls of his rough data shows



that while a few of the rung in the investigatlion were
carried out at high enough [8] wvalues to make the simul-
tanecus determination of KS and kg plausible, for the most
part the concentration of substrate used was below the
lower limit. This condition which is important to the
gimultaneous evaluation of KS and k3~by methods based on

equations 2 and 3 relates to the relative magnitudes of

i
ey
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Al e
dis ) ] A7 o v AP
- =g = kalElIS] /(KgHs]) (3)

It 48 seen that if {S}O ig very small relative to KS’

equation 3 may be approximated, within the limits of ex-

o e

verimental error by eguation

=

Since solutions of equation 4 can only lead to values of

Kg/kg or its reciprocal, it 1is obvious that care must be
>

S
I T 4 o 5 W T o 4o NI P y [P
talken to choose values of [5]_ SO that they are not too

o
bl PP S . - A - A - - r T, T o -

samall with respect to expected values of Kg. For an ex-
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not be less than 0105 and & sal

the order of 0.1, £ one assumes, 1n the case o
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L-tyrosinhydrazide, a Kq = 30 x 1073 M then the lower

I

1imit of [S]_ should be approximately 15 x 10 M. 1In

o)
the work of Lands this was the upper not the lower limit.

Of course, values of [S]O/KS of‘iower than 0.05 can be
used 1f 1t is in combinétion with a number of values
greater than this limit and the points so obtained are
linear with the ones above the limit.

The very low values of Kp détermined in the investi-
éation above 1ig very hard to account for in any reasonable
way. It may be worthwhile, at this time, to look a little
closer at the conditions wherein one could observe the
inhibiting action of the products with regards to various
KP and [S]O values.

It has been shown in section one of this thesis (see
pages 7-9 ) that a reaction that can be described by
equations 5, 6, and 7 and under conditions when -d[ES]/dt &

o,[8,1 = [8], [Pyp]=[P], and [P ] = [P,],

k k

B, + S, ;_—_-—__-‘l BS — & E, + Pyp + Poo (5)
kg' |

K

B, + Pjp == EP, (6)
ks
ke .

Ep + Pop == EP, (7)
k
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can be descrived throughout the reaction by equation 8

LS v 1
- odsl o {[E][s] (kBKP/<KP~:<S))} / {(KS(KPHS;H/
(Kp-Kg) + [S]} (8)
1
where Kq = k2+k3/kl_, Kp = 1/ Z l/KPj, KPl = k5/kl;,
=1

and KP = kT/k6. It has been shown that upon integrating
5

equation 8, one obtains eguation ¢ and from equation 9

the initial velocities will be described by the parameters
/ — 1 . “" i - ' — - . . . . -1 .
‘[S]o [Sjt) and b (P) where to(P)/t = fo(P) is given by

egquation 10.

ko [E]t = Kg(1+{8] /Kp)in ([S]_/[8].)

-

+ (1-Kg/Kp) (18- [51,) (9)

forp) = {((KS/[S]O)-i—l)/(l—(KS/KP))} /{[S]Oln |
([s]o/[s1t>)/[51o-[s1%}
{((KS/[SJO) + (Kg/Kp))/(1-(Kg/Bp)) + 1} (10)

Lands and Niemann (8) have developed a procedure %o

evaluate fo(P) hased upon the construction of a nomogram
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where one can find the factor xnowing the percent reac-
tion, specific substrate concentration, and the constants
Kq and Kp. Assuming 2 value of Kq of 30 x 1075 M, values
of fo(P) for various Ky values and various [S]O values
have been determined. They are listed in Tables III, IV,
and V.

When Kp )) Kg “he inhibition by the hydrolysis product
may be neglected. In this case the reaction may be
represented by equation 11 and the initial velocities
will be determined ty the same parameters as those listed
above except £ = t;/t is given now by equation 12,

O

ka[Ely = Kg In ([8] /181y) + ([8],-[s]) (11)

o = (rg/81)00)/ { (181 11,/18,))/

0O
([s1,-181;) (Kg/l81,) + {} (12)

Jennings and Niemann (3) have developed a.procedure
to evaluate fo based upon the construction of a faﬁily
of curves baéed upon the parameters f_, ([S]O—[S]t/[s]o),
and KS/[S]O. Assuming a value of Kq of 30 x 1073 M,
values of f  for various [S]O values at the different
percent reactions have been determined and are listed in

Tavles III, IV, and V.
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t
. y _ Ny . _ O .
Since fo(P) = tO(P)/C and £, = ¢ where f (py is

the factor when product inhibition is not neglected and
fo is the factor when it can be neglected, it can be seen
that -

o(P) _ o | (13)

Where to(P) is the time required to reach a certain per-
cent hydrolysis with product inhibition and to the time
without. By comparison df the ratio of these times, some
estimation of the point where the difference will Dbe
greater than experimerital error and ﬁhus, at what per-
cent hydrolysis one could expect to observe this dif—A
ference. The data in Tables III, IV, and V have been con-
vared and the results are represented in figures 2, 3,
and 4,

Figure 2 represents how the ratio is effected by

n

various Kp values at Kq = 30 x 10° ﬂ»and [S]O = 1C0 x

_4

10 M, which is a reasonable upper 1limit in the case of

the hydrazide solubility. It is seen that unless the

K. of a reaction product is of the order of 1 x 10‘3 M,

P
the reaction must be allowed to proceed %o above TO to 80%
hydrolysis before a great deal of difference 1s noted.
Figure 3 represents the change in the ratio caused

by various [8], values with Kp = 100 x 1073 M and Xgq =

30 x 1073 M. Figure 4 is the same type except Kp =



-115-

3

10 x 10~ M.

It might be well for future investigators of product
inhibition to coﬁstruct similar curves based upon ex-
pected parameters to yield an estimate of the LS}O value
and the percent reaction reguired to evaluate the con-
staht with regard to experimental error.

The figures point out the fact that 1if KP is of the
order of 100 x 1073 M, as is the value determined for
the acetyl-L-tyrosinate and the reaction is kept at a
low percent hydrolysis, the effect upon the time, hence
the reaction rate and the kinetic constants, can be
neglected. |

If, as reported by Lands, the KP was as low as
1.0 x 1073 M, then it certainly should have been noticed
‘at high substrate concentrations. It is the opinion of
the author, however, that at the low substrate concentra-
i

tions used, i.e. of the order of 0.45 x 107 M to 14.6 x

10“4‘3, and with the anomalies that might have arisen

from énalytical technique, the KP determined may have

been an artifact. Investigatiocns of the KI of certain
inhibitors against the hydrolysis of acetyl-L-tyrosin-
hydrazide are currently being undertaken (9) and pre-
liminary repcrts would seem to indicate agreement with the
values determined using other specific substrates. This
would seem to indicate that earlier reports of the KP of

the amino acid molety were correct and that the low value
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'of-KP reported in the alpggfchymotrypsin catalyzed

hydrolysis of. acetyl-L-tyrosinhydrazide was an anomaly.

Experimental and Flgures

Synthesis of Substrate.--Fifteen and two-tenths ml.

of redistilled thionyl chloride (26.2 gm. 0.22 mole) was
added dropwise over a thirty-minute interval to 100 ml.
of ethyl alcohol (1.6 mole) witﬁ continuous stirring and
cooling. After allowing this to stir an additional
fifteen minutes, 36.284 gms. of L-tyrosine (0.20 mole)
was added portionwise. The first portion dissolved after
which a élurry formed. The solution was allowed to equili-
brate to room temperature and then warmed slowly to forty
degrees. After stirring at this temperature for four
hours the clear orange solution was stripped of excess
ethanol in vacuo and the solid allowed to dry at 100°¢.
for one hour. Crude weight was 46.6 gms. of L-tyrosine
ethyl ester hydrochloride (0.176 mole - 88.0% yield),
m.p. 162-168°C.

The crude ester-hydrochloride was slurried in 100 ml.

CHC1, and added to 500 ml. of NH,-saturated CHC13. Re-

3 3

moval of the NH401 by filtration, removal of excess
solvent under reduced pressure and drying the residue
in vacuo over P?O5 gave 29.6 gms. of L-tyrosine ethyl

ester (0.129 mole - 72.5% yield). This corresponds to

a 59.4% overall yield. The method above is essentially
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that of Brenner.

Acetylation of the crude ester above under Schotten-
Bauman conditioné gave 29.0 gms. of acetyl-L-tyrosine
ethyl ester (0.107 mole - 83% yield).

’The crude acylated ester above was dissolved in
ethéﬁol and added dropwise to an ethanol solution of
3.8 gms. of hjdrazine (0.118 mole). The solution was
heatgd ﬁnder reflux for two hours and the white product
érystallized out. Recrystallization twice from methanol
and drying in vacuo over P205 gave 23.4 gms. of acetyl-
L-tyrosinhydrazide (.089 mole - 83%), m.p. 227-228°C.
(corr.). [c(]§5'3 = + 40.80 + 0.6° (C, 2.02% in methyl

cellosolve).

Anal. Calcd. for C11H15O3N3: ¢, 55.68; H, 6.37; N, 17.71

Found: : ¢, 55.60; H, 6.46; N, 17.76

Enzyme Solutions.=--The enzyme used was Armour and Co.,

Lot No. 00592, Solutions were made up exactly the same
’as in éection one with the exception ﬁhat only fifty mgs.
of enzyme were dissoived in five ml. of water. One ml. of
this solution in the ten ml. reaction flasks led to a
final concentration of 1 mg./ml. and based upon a nitrogen
content of 14.5% ard a molecular weight of 22,000 for
monomeric alpha-chymotrypsin a final concentration of

0.145 mg. protein-nitrogen/ml. and 4.55 x 1072 M.
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Buffer Scolution.--The solutions were made up analo-
gously to those in section one with the Solutidn 0.02 F
with respect to the amine component of the THAM-THAM-HCL

buffer system.

Reaction and Analysis.--The hydrolytic reaction was

carried out in exactly the same manner as in section one.
Changes in the analytical procedure were the following:

(a) The aldehyde was made up so as to give a final
concentration of 2.684 x 1077 M.

(b) The acld was made up so as to give a final con-
centration of 0.167 N.

(c) The acid and aldehyde mixture was prepared just
before analysis and two ml. of the mixture was pipetted
into a flask, the solution made up to nine ml. with
distilled water to limit coagulation of the protein and
consequent turbidity of the color-developing solution.

(d) The color-developing solutions were equilibrated
at 25.0 f 0.1°¢C. for exactly twenty minutes.

{e) The optical density was read at 455 mp in the
Beckman Model B Spectrophotometer which was equilpped
with a reading chamber thermostatted at 25.0 + 0.1°C.

The blank, however, now contained all the components of
the reaction and analysis system in the analogous‘concen—
trations. It is noteWorthy that by applying the equation

calculated by the method of orthogonal poiynomials to the
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calculation of.a zero time-optical density to every run,
a random error of only + 0.CO2 of an optical dehsity unit
1s found. This ié below the probable error in optical
density.

The optical density was never allowed to get above
1.1 d.D. unit invthe color developing flasks. When it
approached this 1imit, larger flasks were substituted and
“he ogtical density corrected and recorded as its eqguiva-

lent in the 10 ml. flasks.
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Taktle I

Summary of Initial Velocities in the alpha-Chymotrypsin
Catalyzed Hydrolysis of Acetyl-L- Lyr081nhydra21de
at pH 7.2 and 25.0

[E](a) = 0.145 mg. protein-nitrogen per ml.

[S](b) . (e) J}(d> p (e) LWOUU lﬂS]Jg>

4,50 2.80 + 0.09 2 357.40 222,22

7.51 Lotk ¥ 0.13 2 211.15 133.16
15.01 8.56 ¥ 0.14 2 116.78 66.62
22,52 11.91 + 0.13 2 83.96 L4 41
30.C3 13.79 ¥ 0.10 2 72,54 33.30
37.54 15.94 + 0.42 2 62.75 26.64
L5, cl 2C.0S ¥ 0.23 2] 49.78 22.20
52.55 22.55 + 0.21 2 44,35 19.03
60.C6 25.60 + 0,08 3 30.06 16.65
67.55 29.74 ¥ 0.11 3 33.63 14.80
75.07 33.54 ¥ 0.54 3 29.82 13.32
82.58 35.63 + 1.04 3 28.07 12,11
90,08 37.32 + 0.28 2 26.80 11.10
105.10 LL 85 + C.53 3 22,30 9.51
112.61 h6.78 + 1.15 3 21.38 8.88
120.11 50.79 + C.75 3 19.69 8.33

g = 29.52 + 6.02 x 1077 M

=
il

ky = 1.12 + 0.22 x 1073 W/min./mg. protein-nitrogen/ml.

&) pprrour Lot No. C0592.

Tn units of 107F M.

o

In units of 10~6 M/min.,

Probable error in Vgo
e

Order of polynomlal used in'evaluating Ve

=y oh
vvvvvvv

(
(x
(c
(
(
(

2
In units of 10° min./M.
-1

——~

In units of 106 M
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Fig. 1. 1/vO Vs . 1/[S]O plot for the alpha-chymotrypsin

catalyzéd hydrolysis of nicotinyl-L-tyrosinhydrazide
at pH 7.9 and 25.C°C.

1/v, is in units of 103 min. /M.

1/[8], is in units of 10 E~l.
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Table II

-alpha-Chymotrypsin Catalyzed Hydrolysis of Acetyl-
L-tyrosinhydrazide at pH 7.9 and 25.0°C.

[E] = 0.145 mg. protein-nitrogen per ml.
. - : -4
[8] =4.50 % 107" M [8], =7.51 x 10 " M
Dilution Factor 1:10 Dilution Factor 1:10
Time (min. ) 0.D. Time (min. ) 0.D,
2 .040 2 .065
i .073 4 .120
6 .09k 6 175
8 .120 8 .219
10 L1446 10 .263
12 .163 12 .315
14 .190 14 .362
16 207 16 JAa1h
3 -6 . 3 ) .
v, = 2.80x10 " M/min. vy = 4.74x10 7 M/min.
0, = _.09x10‘6 M/min. g, = .13x10’6 M/min.
o] ’ O
P, =2 % Hyd. = 7.8 P, =2 % Hyd. = 9.2
il -4
[8] = 15.01 x 10" M [S]. =22.52 x 100" M
Dil8tion Factor 1:10 Dilution Factor 1:10
Time (min. ) 0.D. Time (min. ) 0.D.
> 110 > R
h .204 L .o84
6 .288 6 Aol
8 377 8 .543
10 455 10 .655
12 .532 12 NEE
14 .618 14 .883
16 672 16 1.001
3 -6 . 3 tog =D .
Vo = 8.56x107 " M/min. v, = 11.91x10°" M/min.
a, = 0.14X10~6M/min. Gy = 0.13X10h6 M/min.
O O
P =2 % Hyd. = 7.5 P =2 % Byd. = 7.4
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Table II.--Continued

C- _)
(S], = 30.03 % 107" [S], = 37.54 x 107 M
Dildtion Factor 1:20 Dilttion Factor 1:25
Time (min. ) 0.D. Time (min. ) 0.D.
2 .170 2 .205
4 .322 I L4oo
6 Rikde 6 .583
8 .600 8 .720
20 .750 10 .08
12 .873 12 1.093
T4 1.007 14 1.230
16 1.117 16 1.420
v, = 13.79x10“6 M/min. v, = 15.94x10’6 M/min.
0, = o.10x10‘6 M/min. o, = 0.42x10"6 M/min.
¢] O
P =2 % Hyd. = 6.2 P, =2 % Hyd. = 0.3
- . -4 i -l
(8] =45.c4 x 107" M [8]. =52.55 x 10 " M
Dilution Facteor 1:25 Dilution Factor 1:25
Time (min. ) 0.D. Time(min.) 0.D.
2 .238 2 .268
4 468 ! .528
5 .6S0 6 788
8 .005 8 1.033
10 1.113 10 1.245
12 1,285 12 1.493
14 1.48¢C 14 1.720
16 1.680 16 1.935
v, = 20.09x10‘6 M/min. vy = 22.55x10“6 M/min.
0 = 0.23x10"6 M/min. 0 = 0.21x107° M/min.
P, =2 % Hyd. = 6.2 P, =2 % Hyd. = 6.2



Table II.--Ccntinued

's]_ = 60.06 x 107% i

Dilution Factor 1:25

Time (min. ) 0.D.
z 315
4 .595
6 .858
8 1.120
1Q 1.383
12 1.650
14 1.615
16 2,160

.
O

0“:
VO

P =3 % Hyd. = 6.0
1

i

(8], = 75.07 x 107 M
Diluticn Factor 1:25

Time (min. ) 0.D.
2 .383
ik LTH8
6 1.108
8 1,443
10 1.745
12 2,0C¢0
14 2.418
16 2.745
v, = 33.5ux10"6 M/min.
0, = o.54xlc“6 M/min.
@]
P. =3 % Hyd. = 6.1

25.60x107° M/min.
0.08x107° M/min.

~12k-

i

[S}O = 67.55 x 10~ M

Dilution Factor 1:25

Time(min.) 0.D.
2 .355
L .683
6 1.008
8 1.318
10 1.600
12 1.918
14 2.20C
16 2.493

(5]

= 29.74x10'6 M/min.

Il

0.11x107° M/min.

=3 % Hyé. = 6.1

= §2.58 x ZL(}—LL M

DilStion Factor 1:50

Time (min. )

P

m

C.D.

L410
.805
.185
.530
. 865
215

.610
0920

O OO

I
nN
PO N

35.63x10"6 M/min.

1.0Mx10_6 M/min.

=3 % Hyd. =5.9
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Table II.--Continued

I 4

=

[8] =950.08x 10" "M [8] = 105.10 x 107
Dildtion Pactor 1:50 Dilution Factor 1:50
Time(min.) 0.D. - Time(min.) 0.D.
> Lko > .535
I .865 L 1.025
6 1.250 6 1.480
8 1.665 8 1.910
10 2.050 10 2.365
12 2.430 12 2.790
14 2,820 14 3.220
16 3.155 16 3.635
Vo = 37.32x10‘6 M/min. Vo = 44.85x10“6 M/min.
0 = 0.28x107° M/min. G = 0.53x10“6 M/min.
O . (0]
P =2 % Hyd. = 5.9 P, =3 % Hyd. = 5.8
[8] = 112.61 x 10‘4 M [8] = 120.11 x 10"4 M
Diltution Factor 1:50 Dilution Factor 1:50
Time(min. ) 0.D. Time (min.) 0.D.
2. . .555 2 .605
L 1.060 L 1.145
6 1.510 6 1.630
8 2.015 8 2.150
10 2.475 10 2,640
12 2.935 12 3.110
14 3.360 14 3.605
16 3.875 16 I.105
v, = 46.78X10_6 M/min. v, = 50.79X10_6 M/min.
0 = 1.15x10“6 M/min. = 0.75x10”6 M/min.
O ‘ O .
P =3 % Hyd. = 5.8 P =3 % Hyd. = 5.7
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Table III
Comparison of. Correctlon Factors at [S]O = 100 x 1O~4 M
S = 30 x 10 -3 M and Variation in KP
Kp = 100 x 1072 It KP,= 50 x 107 M
£ Hyd. £opy T (p)/ts B Hyd. fopy Ty Blpy/t4
5 0.979 0.979 1.000 5 0.978 0.979 1.001

10 0.959 0.963 1.004 10 0.954 0.963 1.009
15 0.937 0.944 1.008 15 . 0.930 0.944 1,015
20 0.913 0.924 1.012 20 0.006 0.924 1.020
25 0.890 0.902 1.014 25 0.881 0.902 1.024
30 0.866 0.880 1.016 30 0.855 0.880 1.029
Yo 0.813 0.834 1.026 ho 0.780 0.834 1.04¢
50 0.758 0.784 1.034 50 O.7h2  0.784  1.067
60 0.688 0,724 1.038 60 0.690 0.724  1.099
70 0.625 0.656 1.050 70 0.616 0.656 1.165
80 0.545 0.578 1,060 80 0.533 0.578 1.185

a/b = - 5.71 KS/[S]O = 3 a/b = -10.00 Kq/18] =3

K, = 10 x 1075 M Kp =1 x 1075 M

% Hyd fO(P) £ t'(P)/t' % Hyd. fO(P) £ t'(P)/té

5 0.964 0.979 1.016 5 0.819 0.979 1.195

10 0.926 0.963 1.040 10 0.720 0.963  1.338
15 0.889 0.94k 1.062 15 0.590 0.944  1.600
20 0.853 0.924 1.083 20 0.520 0.924 12777
25 0.816 0.902 1.105 25 0.455 0.902 1.082
30 0.780 0,880 1.128 30 0.400 0.380 2,200
40 0.704 0,834 1.190 IXe 0.305 0.834 2,731
50 0.622 0.784 1.260 50 0.250 0.784 3.136
60 0.548 0.724 1.339 60 0.202 0.724 3.584
70 0.466 0.656 1.407 70 0.150 0.656 4,373
80 0.391 0.578 1.480 80 0.100 0.578 5.780
a/b = 2.00 Ko/181, =3 a/b = 0.138 Kq/18], =3
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5.00 - Ks=30x10"°M —
So= 00x10™*M
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Fig. 2. té(P)/té - percent hydrolysis relationship with
Kq =30 x 1070 M, [S]_ = 100 x 107" M, and the various

0
KP values indicated.
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Table IV
Comparison of Correction Factors at Kp = 100 x lO-3 M,

Kqg = 30 x'10"3 M and Variation in [S]O Values

[S]O‘='5 x 10‘4 M

M [
, ' o
% Hya. fO(P) fo tC')(P)/t(') % Hyd. fO(P)_ fO t(,)(P)/tC’)

5 0.975 0.975 1.000 5 0.976 0.976 1.000
10 0.950 0.950 1.000 10 0.952 0.952 1.000
15 0.924 0.924 1.000 - 15 0,927 0.928 1.001
20 0.897 0.900 1.002 20 0.002 0.904 1.002
25 0.870 0.873 1.003 25 0.876 0.878 1.003
30 0.842 0.846 1.005 30 0.849 0.852 1.004
ho 0.782 0.787 1.006 Lo 0.792 0.797 1.006
50 0.722 0.727 1.007 50 0.733 0.739 1.008
60 0.657. 0.672 1.007 60 0.666 0.674 1.012
70 0.582 0.586 1.008 70 0.594 0.598 1.014
80 0.498 0.502 1.009 80 0.510 0.518 1.016

a/b = -87.14 Kg/[8]1, = 60 a/b = -18.59 Ko/[8], = 12

4

[s]O =50 x 107 M [s]O =100 x 107" M
% Hyd. forpy  To té(P)/té % Hyd. forp) To té(P>/bé
5 0.978 0.978 1.000 5 0.979 0.979 1.000
10 0.954 0.954 1.000 10 0.959 0.963 1,004
15 0.930 0.932 1.002 15 0.937 0.944 1.008
20 0.906 0.909 1.003 20 0.913 0.924 1.012
25 0.881 0.884 1.004 25 0.890 0.902 1.014
30 0.855 0.859 1.006 30 0.866 0.880 1.016
Lo 0.800 0.808 1.010 Lo 0.813 0.834 1.026
50 0.742 0.752 1.014 50 0.758 0.784 1.034
60 0.679 0.690 1.016 60 0.698 0.724 1.038
70 0.608 0.616 1.018 70 0.625 0.656 1.050
80 0.522 0.533 1.021 80 0.545 0.518 1.060

a/b = -10.00 KS/[S]O = 6 a/b

il
|
Ul

.71 KS/[S]O =3
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Table IV,--Continued

(8], = 500 x 10-H M [s], = 1000 x 107" M
§ ' o .

% Hyd. fsp) o té(P)/%o % Hyd. £opy Ty té(P)/%é
5 0.0986 0.98¢ 1.003 5 0.989 0.994 1.005
10 -~ 0.972 0.980 1,008 10 0.976 0.987 1.011
15 0.956 0.969 1.014 15 0.964 0.980 1.017
20- 0.939 0.958 '1.020 20 0.949 0.974 1.026
25 0.921 0.G46 1.027 25 0.936 0.966 1.032
30 0.904 0.934 1.033 30 0.920 0.958 1.041
4o 0.864 0.906 1.049 40 0.885 o0.944 1.067
. 50 0.820 0.873 1.065 50 0.848 0.919 1.084
60 0.757 0.836 1,104 60 0.805 0.885 1.099
70 0.705 0.792 1.123 70 0.745 0.866 1.163
80 0.630 0.730 1.159 80 0.680 0.816 1.216

0.6

L
o3
I
}
n
N
o
=~

(@]

IS
(@]

O
]
L
o
il

H
]._I
o

1

Kq/18], = 0.3
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Kg =30x1073M
B Kp=I0OKI0"3M
- Isl,
1 1000 xI0™*M _
I 500xI07M
I 100xI0*M
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v
u

115
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105 ]

100 e e — . ————————— —

PERGENT HYDROLYSIS

Fig. 3. té(P)/té - percent hydrolysis relationship with
Kq = 30 x 1070 M, Kp = 100 x 1075 M, and the various
values of [S]O indicated.
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Table V
Comparison of Correction Factors at Kp =10 x 1073 M,

Kq = 30 x 1073 M and Variation in [S]  Values

(8], =5x10 "M [s], =25 x 107" M

%HYd. fO(P) fo té(P)/t(') % Hyd. fo(]?) fO té(P)/té

5 0.974 0.975 1.001 5 0.970 0.976 1.006
10 0.948 0.950 1.002 . 10 0.942 0.952 1.010
15 0.020 0.924 1.004 15 0.912 0.928 1.018
20 0.862 0.900 1.009 20 0.882 0.904 1.025
25 0.864 0.873 1.011 25 0.853 0.878 1.029
30 0.837 0.846 1.011 30 0.821 '0.852  1.037
Lo 0.778 0.787 1.012 Lo 0.757 0.797 1.053
50 0.714 0.727 1.018 50 0.690 0.739 1.071
60 0.658 0.672 1.021 60 0.620 0.674 1.087
70 0.573 0.586 1.023 70 0.546 0.598 1.095
80 0.490 0.502 1.024 30 0.456 0.518 1.136

il

,a/b = 30.5 Kq/[8], = 60 a/b = 6.5 Kg/I81, =12

[s], =50x 10" M [S], = 100 x 107" M

% Hyd. fO(P) £ té(P)/té % Hyd. fO(P) £ té(P)/té

5 0.969 0.978 1.009 5 0.964 0.979 1.016
10 0.937 0.954 1.018 10 . 0.926 0.963 1.040
15 0.902 0.932 1.033 15 0.889 0.944 1.062
20 0.870 0.909 1.045 20 0.853 0.924  1.083
25 0.839 0.884 1.054 25 0.816 0.902 1.105
30 0.805 0.859 1.067 30 0.780 0.880 1.128
40 0.737 0.808 1.096 Lo 0.704 0.834 1.190
50 0.668 0.752 1.126 50 0.622 0.784 1.260
60 0.597 0.690 1.156 60 0.548 0.724  1.339
70 0.512 0.616 1.203 70 0.466 0.656  1.407
80 0.417 0.533 1.278 80 0.391 0.578 1.480

a/b = 3.5 KS/[S]O = 6 a/b = 2.0 Kg/181, =3




-132-

Table V.--Continued

[s], = 500 x 107 M 8], = 1000 x 107 M
y 2 o . . .

5 0.%44 0,989 1.048 5 0.040 0.994 1.057
10 0.889 0.980 1.102 10 0.880 0.¢87 1.1l22
15 0.840 0.969 1.154 15 0.830 0.980 1.181
20 0.791 0.958 1.211 20 0.770 0.974 1.265
25 0.742 0.046 1.275 25 0.724 0.066  1.334
30 0.694 0.934 1.346 30 0.680 0.958 1.409
Lo 0.610 0.906 1.485 4o 0.582 0.944 1.622
50 0.512 0.873 1.705 50 0.502 0.919  1.831
60 0.460 0©.836 1.817 60 0.422 0.885  2.097
70 0.390 0.792 2.031 70 0.363 0.866 2.386
80 . 0.312 0.730 - 2.340 80 0.290 0.816 2.814

a/b = 0.8 Kq/I8], = 0.6 a/b = 0.65 Kq/I81, = 0.3
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(P)/t' - percent hydrolysis relationship with
Ko = 30 x 1073 M, Kp = 10 x 1073 M, and the various

values of [S]O indicated.
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SYNTHESIS OF AMINO ACID DERIVATIVES

Introduction

The enzyme, alpha-chymotrypsin, specifically hydrolyzes
a number of acylated and non-acylated alpha-amino acid deriva-
tives. = The extent of variation in the type of acid deriva-
tive thus‘faf recognized and investigated was reviewed in
part I of this thesis (see page 2 ). A number of esters,
amides, hydrazides, and hydroxamides have been studied.

Since. the 1list i1s obviously not limited to the ones thué far
recognized, the search. for new substrates contlinues.

The properties of a compound, to be added to the list,
should incorporate a number of characteristics. The first
criterion is the possession of a bond which 1s susceptible
to hydrolytic fission by the enzyme. Although work by Bock
and Niemann (1) has indicated that the optically active
D-isomer of an alpha-amino acid, in one case at least, is
hydrolyzed at a slow rate; it is generally recognized that
ﬁhe Q—enantiomorph is the substrate which is hydrolyzed.
Secondly, the compound should possess sufficlent solublility
in water to allow for the simultaneous evaluation of both
kinetic constants (2). This situatlon depends upon the
relative magnitudes of KS and [S]O and thus cannot be

determined precisely in advance, however, with a X, of
P 2 ’S
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normal magnitude, in the neighborhood of 10—3 M, the solu-
pility shovld be in the range of 1073 - 10~“ M. A third
requirement is the avallability of a suffilciently guantita-
tlve method for the determination of extent of hydrolysis.
Consideration of one or more of the above reguirements has
led to investigation of various types of acid derivatives.
In varticular, the studies reported 1n this part of
the thesié‘deal~wit” the syntheseg and attempted syntheses
of alpha-amino acid derivatives where the amino acid molety

ig esterified with elther salicylamide or glycolamide or

aminated with anthranllamide.

Salicylamide Esters of Amino Acids

Absorption spectroscopy in the ultraviolet region pro-
vides a convenlent method for the determination of extent
of hydrolysis 1f there exists a shift in the wave length
when the substrate 1s converted to products. Several
investigators have used the shift in the positlion of the
maxima‘between O-gubstituted salicylic acid and salicylic
acid. Edwards (3) used a method based upon the shift to
follow the non-enzymatic hydrolysis of aspirin to acetilc
acid and salicylic ac¢id. Brandenberger (4,5) and Hofstee
(6,7,8) have described a method to follow the enzymatic
hydrolysis of'o—carboxyphenyl—phosphate by alkaline and
acld phosphatases based upon the fact that salicylic acid

strongly absorbs light at a wavelength between 298-300 qp
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while the‘esters have no absorption at that point. Detec-
tion of as littlé as 0.01 pmole of free éalicylic acid has
been reported and in a good case, accuracy nearing one part
in éne hundred can be attained.

In studies utilizing alpha-chymotrypsin as the catalyst,
substrates which would exist as charged specles at the pH
optimum are not desired. The amide of salicylic acld, sali-
pylamide, has one adsorption méximum at 202 mp and another
at 236 mp at pH 6 (9,10). It seemed probable that esters
of salicylaﬁide would provide useful substrates for studles
of enzymatic hydrolysis by‘glgggfchymotrypsin sihce upon
cleavage of the ester linkage one of the products would be
salicylamide.

The idea above was shown to be true in some prelimi-
nary invesﬁigations by Foster (11). He prepared the
salicylamide ester of hydracinnamic acild by condensing
the acid chloride with salicylamide in the presence of
pyridine and showed that it had‘a spectrum different from
that of salicylamide. While alpha-chymotrypsin and the
ester exhibited a maxima at 210 mp and 280 mu, respectively,
at pH 7.9, a peak began to appear at 300 mp. upon hydrolysis
of the substrate by alpha-chymotrypsin. The peak at 300 mpu.
was the péak exhibited by free galicylamide at pH 7.9.

Foster, in an attempt to éxtend this method to amino
acid derivatives tried, without success, to esterify acetyl-

DL-phenylalanine with salicylamide. Among the methods tried
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were the_dsual condensations of the phenol with acid chloride
and acid azide. Transesterification between acetyl-DL-
phenylalanine methyl ester and salicylamidevwas tried with-
out Success.

This author has tried numerous methods and the results

of these studies are discussed in the sub-headings below.

Use of Trifluoracetic Acid Anhydride as a Condensing

Agent.--The preparation of benzoyl-DL-phenylalanine d?hapthyl
ester using trifluoracetic acid anhydride as a condensing
agent (12) suggested the use of this reagent in the prepara-
tion of the desired esters.

Benzoyl-DL-phenylalanine salicylamide ester (I) was
prepared by the condensation of benzoyl-DL-phenylalanine
with salicylamide in the presence of trifluoracetic acid
anhydride. This procedure was also used successfully for
the formation of acetyl-DL-phenylalanine salicylamide
ester (II).

After the preparation of acetyl-L-phenylalanine the ex-
tension of the above method to the preparation of the opti-
cally active L-ester was attempted. The resultant compound
was optically inactive and a mixed melting point with a
sample of DL-compound prepared previously indicated that
racemization had taken place.

With the thought that operation at a lower temperature

would reduce racemlzation two experiments were conducted at
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sub-zero levels. The first trial at -40°C. to -50°C. did
not lead to.formation of the mixed anhydride and conSequently

4.

the product was‘not formed. A second trial at -20°%C. to
—SOOC._gave a small amount of racemic product.

The racemization observed above is not too surprising
in 1ight of earlier work (13,14) upon the effective racemi-
zation of glggg—acylamino aclds in the presence of acetic
anhydride. The racemization haé been looked upon as due
fo formation of an intermediate mixed anhydride followed
by formation of an oxazolone (azlactone) with consequent
loss of optical activity (15). Bourne (16) has tentatively
suggested that the active acylating agent in the esterifi-
cation of carboxylio aclids with alcohols and phenols in the
presence of trifluoracetig anhydride is the mixed anhydridé
of trifluoracetic acid and the carboxylic acid. It is the
feeling of the author that while the mixed anhydride is
certainly an intermediate in the reaction, the observation
of racemizatibn in the cases studled as well as other
examples (17-19) indicates the formation of an oxazolone
as an intermediate and the reaction of the alcohol or

phenol with this compound (see scheme below):
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In support of this mechanism was the recent isolation
of 2-trifluormethyl-t-isopropyl-oxazolone-(5) from the
reaction of trifluoracetic acid anhydride with alanine (20).
It is interesting in this regard that N-nitroso-N-phenyl-
glycine gives a 93% yield of N~phenyisydnone in presence

of trifluoracetic acid anhydride at -5°C. (15).

Use of Trifluoracetyl Amino Acid Chlorides as the

Acylating Agent.--Following reports of Weygand (17-20)

and Calvin (21) of the successful preparation, isolation,
and utilization of trifluoracetyl amino acld chlorides as
aoylating-agehts for free amlno groups without any appar-
ent racemization, attention wag directed towards these
derivatives. Using a procedure modified from that of
Weygand (18), trifluoracetyl-DL-phenylalanine was prepared.
The acild chloride was pfepared in the usual manner using
phosphorous pentachloride. An attempt o condense this
acid chloride with salicylamide in the presence of tri-
ethylamine failed so the condensation was carried out
using the sodium salt of salicylamide. This led to the
isolation of trifloracetyl-DL-phenylalanine salicylamilde
ester (V) in good yield. This procedure was repeated

with the optically active acid. This led to the isolation
of an ester which gave the analysis for the desired com-
pound except 1t had a very small rotation. The rotation

diminished upon recrystallization and the hydrolysis of
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the compound gave back the optically inactlve acid. This
coupled With results of a mixed melting point with an
authentic sample.of the DL-ester indicates that extenslve
or complete racemizatlon took place during the reaction.
The procedure was repeated, this time isolating each infer-
mediate and checking its optical integrity. It was found,
surprisingly enough, that optical integrity was maintained
untlil the condensation sftep. The isolation of the tri-
flﬁoracetyl~£—phenylalanyl chloride (VII) has been reported
by other workers (17-20, 21). Repetition of the final con-
densation step with triethylamine as the base also gave the
inactive product.

The explanation of racemization may be approached in
two ways in the case above. The first involves the forma-
tion of the desired ester and the subsequent abstraction
of the active hydrogen on the alpha-carbon atom by base
to yield a transient compound with a negative charge on
this carbon. This compound can then add hydrogen to give
the optically inactive mixture of D and L forms. This
explanation seems highly unlikely since the isolation of
trifluoracetyl-L-phenylalanylanilide has been accomplished
(21) and also the anilide of trifluoracetyl-L-alanine has
been isolated (18). Furthermore in a later section of
this thesis the synthesis and isocolation of trifluoracetyl-
L-phenylalanine anthranilamide is described. In the case

of this anilide-type derivative, triethylamine was used as
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a base, without racemization.

The second, and most probable mechanism for the race-
mization involves the formation of an oxazolinium chloride.
The question of whether alpha-acylamino acid halides exist
as such or as oxazolinium chlorides or neither, 1.e. an
equilibrium between the two, is one of importance to in-
vestigétors of the reactions of amino aclds. It 1s felt
that in the case at hand, an eqﬁilibrium exists between

the two forms such as 1s illustrated in the scheme bhelow:

0 |

v/

R-GH-G2; R-CH-Ca-y ¢
ANH —~— ®NH {o ¢l
l\céb N b
\__’I \\.’l (\’/ ?

CF, CRy

It is felt that even though the optically active acid
chloride can be isolated, in the condensation step, the
chloride exists in a transition step in the form of the
oxazolinium ion with consequent racemization. This may
also exist in the case of reaction with amines (i.e.)
aniline and anthranilamide, however, it can be seen that
where reaction with an amino group is facile and may occur

before any appreciable shift in equilibrium, the conditions



-145-

required to form an ester of salicylamide are more drastic

and thus racemization occurs.

Utilization of Polyphosphoric Acid as a Dehydrating

Agent;~—Bader and Kontowlcz (22) reported the successful
prepération of phenyl esters by simply heatihg the acid
with phenol in the presence of polyphosphoric acid. The
extension of this method to the preparation of the desired
ester was attemptéd.

The first trial was the attempted preparation. of
hippuric acid salicylamide ester. Three compounds were
isolated from the reaction mixture, none of which gave an
analysis for or exhibited properties of the ester. The
first product sublimed in the neck of the reaction flask
and proved to be benzoic acid. The second compound proved
identical with disalicylamide (IX) prepared later: by
treatment of salicylamide with polyphosphoric acid under
thé conditions of the reaction.

A third compound (X), of unknown structure, 1s de-
scribed in the experimental section. A possible structure
is proposed in proposition 7. |

Since hydrocinnamic acid salicylamide ester had been
prepared previously by Foster (ll), the preparation of this
as a model compound was attempted. Salicylamide and hydro-
cinnamic acid were treated under analogous conditions as

above. Extraction of the reactlon mixture with Na.CO, and
2773
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acidifigation of Tthe extract gave a compound identical

with disalicylamide (IX). The splid remaining was extracted
with ethyl acetate. Removal of the solvent gave a compound,
m.p. 142-144°C., which gave an elementary analysis corre-
sponding to C,gH,,0 and was found to be a dimer of alpha-
hydrindone, called by Kipping (23), "anhydrobishydrindone"
(X1).

The.brown solid remaining was recrystallized and gave
pale yellow, silky‘heedles, m.,p. 376.7-378.5, determined
with the aid of a copper-constantan thermocouple. The
elementary analysis gave a formula of 027H18‘ The hydro-
carbon was identified as alpha-truxene (tribenzylene ben-
zene) (XII). The reactions taking place in the reaction

mixture are illustrated by tThe equations below:

0 o) 0 (1)
1\ 1n 1]
NN, -nw C~NH-C
Z~0OH OH HO

This was shown to be true by ftreatment of salicylamide
alone with polyphosphoric acid. This treatment gave an
84.6 percent yield of CiyHy10y N, disalicylamide, m.p.
188-190°C. This compound was prepared previously (24) by

the treatment of salicylamide with phosphorus. pentoxide.
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3 alpha-hydrindone
or

anhydrobishydrindone

and alpha-hydrindone

alpha-truxene

(tribenzylene benzene) (XII)

(2¢)

Treatment of anhydrobishydrindone with polyphosphoric
acld again ylelded alpha-truxene. A search of the litera-
ture revealed that Snyder and Werber (25) had prepared
alpha-hydrindone by treatment of hydrocinnamic acid with
polyphosphoric acid. They also obtained a light yellow
compound melting above 30000. which they concluded was
truxene. Liebermann and Kipping (26,23) prepared alpha-

A - O . 4 a2 ) I
truxene (m.p. 365-368°C.) from alpha-hydrindone by treat-
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ment with concentrated sulfuric acid. Kipping also isolated
”anhydrobishyﬁrindone“ from the same reactlon, m.p. 141-143°C.

Upon the discovery that acetyl-DL-phenylalanine had
cyclicized and decarboxylated to yleld l-methyl isoguinoline
(27), the method was abandoned as a method of preparing the
desired esters.

HW

Solid alpha-truxene exhibited fluorescence in "black

,1ight.” Fluorescence measurements under various conditions
were_taken.* Under a Strdng U/V source, btruxene appears
qﬁite fluorescent in the solid state with a color gimilar to
uranium glass., In dimethyl formamide solution, however, the
fluorescence 1s very weak. At a concentration of 0.075 mg./
ml. the fluorescence is nil; however, at a concentration of
0.584 mg./ml. (almost saturated) it shows a fluorescence of
about 4 percent of that of uranium glass. In the solid
state,.the fluorescence is about 40 percent of -that of
uranium glass. Qualitatively, at i1ts maximum of 510-563 mpL.

(0.1 mg./ml.) truxene is a great deal weaker in fluorescence
than anthracene and about the same as fluorene.

*
The author acknowledges the spectra, taken by Osborne.

N
Dr. Carter, Organic Chemicals Department, E. I. du

Pont de Nemours and Company, arranged for the measurements.
They were taken by Dr. Allan Osborne of that company with
a Cary Model 14 U/V spectrophotometer appropriately modi-
fied for fluorescence and flame spectrophotometry. The
intensity of the standard, uranium glass, could be set at
any desired level. The comments above are essentially
those of Dr. Osborne.
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Other Synthetic Attempts in Preparation of Salicyl-

amide Esters.--A number of short studies were conducted in

an attenpt to prepare the optically active sallicylamide
esters. Thege are discussed briefly below and the experil-
mental detaills are gilven in the experimental section.

The reports of the usefulness of certain active esters
(28-30) in peptide bond formation led to the preparation
of two new phenylalanine derivatives, acetyl-DL-phenyl-
alanine cyanomethyles ter (XV) and acetyl-L-phenylalanine
cyanomethylester (XVII). The main feature of these esters
is a strong negative substituent in the alcohol component
enhancing fhe rate of aminolysis at the carbonyl carbon
atom. The activated esters are prepared by the condensa-
tion of the amino acid and chloracetonitrile in the presence
of triethylamine. While the worth of these compounds has
been proven as acylating agents of amines and peptides, the
fact that the compounds above could be recrystallized from
ethanol gave an indication that the attempt to prepare
salicylamide esters would fall. While they were not
successful in acylating salicylamide they were used in the
preparation of useful glycolamide derivatives discussed
in a later section.

The fact that formation of the oxazolinium chloride
and consegquent racemization has been reported as not occur-
ring when the acyl moiety of an acylamino acid chloride

is the methanesulfonyl radical led to the preparation of
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methanesulfonyl-DL-phenylalanine, conversion to the acild
chloridé and(finally condensation with sodium salicylamide
to yield XIIT, methanesulfonyl—Qg—phenylalanine salicyl-
amide ester. Since the yield_dverall was of the order of
2 percent this method was abandoned in search of more
productive methods.

An attempt to extend the reaction of dlazonium
boroflucrate with acetlic acid Yielding phenylacetate to
the preparation of the desired esters failed. While evi-
dence of reaction was observed with propionic acid no
product could be isolated. Reaction of the diazonium salt
with the solvent in the case of the solid amino acids was
a big factor in the failure. Acetonitrile and dimethyl
formamide dissolVed the diazonium borofluorate,. but sub-
sequent reaction led to formation of deep-red solutions
and isolation procedures yielded dark tars.

The Tinal attempt at synthesis of the salicylamide
esters was a result of reports that esters and amildes
could be Formed by bringing the acid and the alcohol or
amine together in the presence of carbodiimides (31-37).

Sheehan (34) reported the successful formation of
peptide linkages by simply mixing the acid and amine to-
gether in tetrahydrofuran in the presence of dicylohexyl-
carbodiimide. He later reports (35) the formation of
peptide linkéges involving hydroxy-amino acids without

esterification of the primary or secondary alcohol groups.
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_A private communication from the author of tThese two
papers expressed considerable doubt as to the possibility
of formation of salicylamide esters with the reagent.
Esterification of carboxylic acids has been reported, how-
ever, under somewhat more vigorous conditions (36). Both
procedures were tried in an unsuccessful attempt to pre-
pare the ester.

In conclusion, it might be.stated that while the de-
sired goal of isolation of an optically active salicylamide
ester was not attained much interesting chemistry has been
canvassed.

The difficulty of forming the phenol ester and the
carboxyamide group 1n the ortho position have forced
too drastic or too basic conditions which have led to
racemization of the derivatives used. |

The preparation of acetyl-, benzoyl-, trifluoracetyl-,
and methanesulfonyl-DL-phenylalanine salicylamide esters
has shown that they can be prepared, however, and a method
where racemization is limited or ébsent is certainly noct

excluded.

Preparation of Trifluoracetyl-L-phenylalanine Anthranilamide

While the methods used in the preceding sectlion failed
to successfully yield an optically active salilcylamide ester,
it was felt that due to ease of formation of amide linkages,

compared to phenol ester bonds, an optically active
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anthranilamide amide could be obtained. It is noteworthy
that the spectra of anthranilamide and N-substituted
anthranilamides differ by an amount sufficient to sug-
gesﬁ the usefulness of a compound of this Type as a sub-
strate for a spectral hydrolysis study (37).

While anﬁhranilic acid and methyl anthranilate are
commercially available, anthranilamide is not and thus the
.synthesis of anthranilamide was undertaken. The usual
me thod of‘ammonolysis was found, sufprisingly, to yield
only 27 percent after five months standing. A search of
the literature revealed the fact that Heilbron (38) ob-
tained only a 5-10 percent yield on shaking methyl
anthranilate with concentrated ammonium hydroxide for
several days and Morris (39) obtained only a 36 percent
vield by heating liguid ammonia and methyl anthranilate in
a high pressure bomb at 1200 p.s.i. and 200°C. for ten
hours.

t was declded to prepare o-niltrobenzamide from o-
nitrobenzolic acid and then reduce the nitro group by means
of Raney nickel and hydrazine (40).

Anthranilamide was synthesized over the path indicated
with an overall yield of approximately 61 percent.

Anthranilamide was condensed with trifluoracetyl-L-

L

phenylalanyl chloride in the presence of triethylamine to
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give trifluoracetyl-L-phenylalanine anthranilamide (XIV).
The compound was purifiled, analyzed and stored for pos-

sible use as a substrate for enzymatic hydrolyvsis studies.

Glycolamide Esters of Amino Acids

The hydrolysis of esters by alpha-chymotrypsin has
long been known (page 2 of this thesis). The extent of
reactlon has usually been folloﬁed by tltration of the
1ibérated acld with standard base. This manual titration,
at best, is accompanied/by a gfeat deal of error. The
acquisition bf ah instrument which maintains the pH of
a reaction solution at a pre-determined and pre—adjusted
value by the additlon of micro-amounts of standard base%
and its ease of operation has led to the study of ester
hydrolysis in these laboratories (41).

The solubility of glycolamlide egters led to fthe
examination of these esters as possible structures. A
preliminary investigation of the solubllity properties of
benzoyl glycolamide indicated a solubllity of the order

of 107%

M in water.
An extension of the preparation of cyanomethyl esters

to the case at hand failed. While acetyl-DL-phenylalanine

%

The instrument is a pH stat designed and constructed
by Dr. Mott Cannon of International Instruments, Canyon,
California. The instrument is similar to the one described
by Neilands and Cannon (46). The apparatus permits fully
automatic determination of both ionization constants and
volume of titrating fluid added as a function of time at
constant pH.



zlycoclamide ester (XVI) could be prepared by heating the

sodium

(&)

alt of the acic with chloracetamide, a more con-
venlent synthesis utilizing the cyanomethylester was used.

The complete scheme 1s shown below:

o) (CH).N 0
R—C:’O_H +CICH,CN === Rl cmont (C,Hs)sN-HC

HCL “OCH,C., NN 20

CH30H o
=B R-C7 NHHCL__H20 P

R-, Acetyl-DL-phenylalanine XVI
Acetyl-L-phenylaZanine XVIIT

The scheme above gave good ylelds of both The DL-ester
and the L-ester.

An attempt to prepare the glycolamide ester of nippuric
acid by the same scheme gave hippuric acid and glycolamide.
Since the hippuryvleyanomethylester was isolated one must
conclude tha* the glycolamide ester was formed but was
hyérolyzed in Zsolatlorn proceaures,.

The compound, acebyl-L-phenylalanine glycolamide ester
was fourd to bhe very soluble 1in water. Prelininary in-

vestigations of the alpha-chymotrypsin catalyzed hydrolysis
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Pl

of the compound gave the following results. In six minutes

il ,
with [BE] = 1 x 107 mg./ml., an extremely low value, and
-
[S]O -1 x 107" M, 8.0 percent hydrolysis was noted. In
f o)
six minutes with [E] = 1 x 10 3 mg. /ml. and [s]o =1 x 107°

M there was 37.C percent hydrolysis. Vith the enzyme con-
centration any greater than 1O~1 ng./ml. the titrimeter
could not keep up with 1ibefated acid. |

An attemptvwas made to synthesize the ester bhetween

alpha-hvdroxyisobutyric acld amide and acetyl-L-phenyl-

alanine by the scheme bvelow:

CH3 GH3  NHHCL H,0
FK}é—CN -iﬁl—* I40~C—CfOCH —_—

| CH,;0H & 3

CH, Hy

CH ? ¢Hy o

CHy o0 socle, | & i, RCOONg
HO—Cl‘.—C\N‘_I2 : IH \NHZ

CHs CHy

L .




s
L

The condensation step-hetween the chlorosgsulfite ester
and the sodium salt of the acid, in this case acetyl-L-
phenylalanine, resulted in a viscous tar.

Experimental

Benzoyl-DL-phenylalanine Salicylamide Ester (I).--
Acylation of 66 gms. (0.40 mole) of DL-phenylalanine with
-60 ems. (0.43 mole) of benzoyl éhloride under Schobten-
Bauman conditions gave 82.4 gms. (0.31 mole - 77.5% yield)
of benzoyl-DL-phenylalanine, m.p. 179-182°C., 1it. m.p.
181-182%. (L2).

A mixture of 10 gms. (.037 mole) of the above and
12 gms. (.057 mole) of trifluoracetic acid anhydride was
warmed on a steam bath until a clear Solution\resulted.
The excess trifluoracetic acid anhydride was removed under
reduced pressure. To the now orange solution was added
5 gms. (.037 mole) of salicylamlde and the mixture was
warmed on the steam bathbfor one hour. The solution was
cooled, 30 ml., of methanol added, and the mixture was
allowed to stand overnight in the refrigerator. Since
crystallization did not occur, the éxcess solvent was
removed under reduced pressgure, the residue washed with

cold methanol and dried to give 10.4 gms. (.027 mole -

.)6 . i

A1l analyses were made by Dr. Adalbert Elek, Elek
Microanalytical Laboratories, Los Angeles, Cglifornia.
All melting points are corrected.
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73.0%) of benzoyl-DL-phenylalanine salicylamide ester (I).
Recrystallization from a mixture of dloxane and cyclo-
0

hexane gave a product, m.p. 1986-19¢7C.

Anal. Calecd. for C OMNQ: c, 71.12; H, 5.19; N, T7.21.

o3tlog
Found: C, 71.04; H, 5.26; N, 7.24,

The compound gave a positive ferrlic hydroxamate Test (43),
is soluble in dimethy 1 flformamide and dioxane, insoluble
in water, methanol, and ethanol, and slightly soluble in

diethyl ether.

Acetyl-DL-phenylalanine Salicylamide Ester (II).--

Acylation of 9 gms. (.054 mole) of DL-phenlylalanine with
1.2 ml., (20.8 gm. - 0.21 mole) of acetic anhydride under
Schotten-Bauman conditions gave 9.4 gms. (.045 mole -
83.6%) of acetyl-DL-phenylalanine, m.p. 152-155°¢C,

The entire amount of crude acetyl-DL-phenylalanine
(.045 mole) was mixed with 12 gms. (.060 mole) of tri-
fluoracetic anhydride and heated on a-éteam bath. After
removal of excess anhydride under reduced pressure,

5 gms. (.037 mole) of salicylamide was added and the solu-
tion heated for ten minutes on a steam cone. Upon cooling
a white solid precipitated. The solid was washed with
methanol and dried to give O gms. (.028 mole - 75.7%). of
crude acetyl-DL-phenlylalanine salicylamide ester (II).
Recrystallization twice from dimethylformamide gave a

product, m.p. 208-205°¢C,

N
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Anal.CalCd. for 018H1804N2: C, 66.24; H, 5.56; N, 8.58.
Found: ¢, 66.25; H, 5.55; N, 8.67.

The compound gave a positive ferric hydroxamate test, is
soluble in acetic aclid, methyl cellosolve, and dimethyl-
formamide, slightly soluble in acetonitrile, and insoluble

in water, ethanol, and methanol.

Attempted Synthegls of Acetyl-L-phenylalanine Salicyl-

amide Ester Using Trifluoracetic Acid Anhydride as a Con-

densing Agent.--Acylation of 7.5 gms. (.O0W46 mole) of

N

L-phenylalanine with 12 ml. (13.0 gms. - .128 mole) of
acetic anhydride under Schotten-Bauman conditlons gave,
af'ter one recrystalliéation from water, 9.0 gms. (.043
mole - GU%) of acetyl-L-phenylalanine, monoclinic crystals,
m.p. 171-172°C.

Repeating the reaction used above f{orr the DL~compounds,
5 gms. (.OQM mole) of acetyl-L-phenylalanine gave 2.8 gms.
(.009 mole - 37%) of a compound, m.p._207~20800. A small
rotation disappeared upon repeated recrystallizations from
dimethylformamide. Upon admixture with an authentic
sampie of the DL-compound the m.p. was not depressed.
Racemization had occurred.

Attempts were made to run the above esterification at
-40 to ~BOOC., maintaining the ftemperature with a dry ice

and acetone system. The mixed anhydride would not form as

indicated by the fact that the solution never cleared.
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Attempts were made tTo run the above esterification
at —2006; In this case it appeared that the anhvdride
formed since a clear solution resulte Uﬁon the addi-
tion of salicyiamide the solution remained thick for an
extended period. A small amount of racemlc product was

isolated.

Trifluoracetyl-DL-phenylalanine Salicylamide Ester (V).-

Acylation of 20 gms. (.121 mole) of DL-phenylalanine with
18.8 ml1. (.11 mole) of trifluoracetic acid anhydride as
directed by Weygand (i8), in acylating alanine, gave 30.4

gms. (.115 mole - GL.7%) of crude trifluoracetyl-DL-

phenylalanine (III). Recrystallization from a mixture of
. - . . < 4050n
nenzene and hexane gzave white crystals, m.p. 122-1227C.,
. o~ 0 n
1it. m.p. 125.6 - 126.87C. (21).
A solution of 5.2 gms. (.01¢1 mole) of III in 100 ml.

of dry ether was cooled in an ice-sal?t bath. An excess
of freshly-opened PC“F was addeqa portionwise To The solu-
tion with vigorous shaking. After allowing to stand
three hours, with intermittent shaking, the solvent was
removed under reduced pressure, the residue was washed

. . - 0 .
twice with vetroleum ether (30-607C.), collected, and dried
R ot ) [ ~ 6 81 A Y “ P -
co zive 4.5 gms. (.0161 mole 1.3%) of trifluoracetyi-
- . . . ot e 6 C‘OO . §
DL-phenylalanylchloride (IV), m.p. ¢6-687°C., 1it. m.p.

Ne -
-10c ¢, (18).

The sodium salt of sallicylamide was prepared by dis-
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sclving salicylamlde in an equimolar amount of base and
evaporating the water in an ailr stream.

A solutron of 4.5 gms. (.0161 mole) of the ahove in
5C mi.. of dry benzene was added to a suspension of 2.4 gms.
(.C151 mole) of the scdium salt of sgalicylamide in dry
venzene and the resulting slurry was stirred vigorously
at\roomvtemperature for 12 hours, and at 50°¢. ror one
hour. The solvent was removed ﬁhder reduced pressure,
the solid washed repeatedly with water, and dried to give
3.6 gms. (.00%5 mole - 59.0%) of V. Recrystallization
from a mixture of ethano’ and hexane gave a product,

m.p. 223-224°, (dec).

Anal. Calcd. for 018H1E04N2F3: ¢,56.84; H, 3.¢8; N, 7.37.
TFound: ¢,56.75; H, 3.94; N, 7.31

Cempound V 18 soluble in hot efthanol and insoludble in water.

Attemnted Synthesis of Trifluoracetyl-L-phenylalanine

Sallcylamide Ester by Way of the Acid Chloride.--The reac-

1%

tion conditiong for preparation of trifluoracetyl-L-phenyl-
alanine were changed from those used in synthesis ol the
DL~-compound.

A solubicn of 10 gms. (.05605 mole) of L-phenylalanine
in 10C ml. of dryv benzene was cooled in a 3-necked [lask
fitted with a mechanical stirrer, a dropplng funnel and a
dryirg tube. Slightly less than z ncle per mole ratio,

9.4 m1. (.0595 mole) of trifluoracetic acid anhydride was
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added to the solution slowly with vigorous stirring. The
solutlon was slowly warmed to 7OOC. and then cooled %o
room temperaturé. The white solid was collected and dried
to give 7.2 gms. (.0276 mole) of trifluoracetyl-L-phenyl-
alanine (VI), m.p. 117-11¢°C. Removal of benzene and

trifluoracetic acld under reduced pressure from the mother

. 116-118°C.

liquor gave 4.9 gms. of VI (.0188 mole), m.g
Total vield; .O464 mole, 78%. Recrystallization twice

from a mixture of benzene and hexane gave 10.4 gms. of
» <O

pure VI, m.p. 119-120°C., 1it. m.p. 110.4-120.6°C. (21).

o

-

[oC]%D'O = +35.2 + 0.6° (C, 2.6% in glacial acetic acid);
= O ’

1it. [oC]%?'O = +36.4° (¢, 0.4% in glacial acetic acid)

(21).

A solution of 7.2 gms. (.0276 mole) of VI in 250 ml.
of dry ether was treated in the usual manner with PC15.
Recrystallization from a mixture of benzene and petroleum
ether gave 6.5 gms. (0.232 mole - 84.2%) of trifluoracetyl-

g;phenylalanylchloride (VII), m.p. 108—11000., 1it. m.p.

O
109.5-111.5%.@) . [e€127 0 = +17.1 + 0.4° (¢, 3.3% in
) Q
glacial acetic acid); 1it. [06158'3 = +15.5° (¢, 0.16% in

glacial acetic acid) (21).

Treatment of a solution of 6.5 gms. (.0232 mole) of
VII in 250 ml. of benzene in an analogous manner as above
with 3.5 gms. (.0220 mole) of the sodium salt of salicyl-
amide gave 7.6 gms. (.0198 moles = 90.0% of a compound

m.p. 214.5-218°C. (dec.). Three recrystallizations from
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ethanol gave a compound with no optical rotation, m.p.
218~019°c; The melting point was not depressed on admix-
ture with an authéntic sample of trifluoracetyl-DL-
phenylalanine salicylamide ester; m.p. 223-22&00., prepared
previously.
5
Found: ‘ ¢, 56.82; H, 3.85; N, 7.22.

Ana;. Calcd. fqr Cl8H1504N2F : ¢, 56.84; H, 3.98; N, 7.37.

An attempt to prepare the above compound by mixing the
chloride and the salicylamide in the presence of triethyl-

amine failed.

Reaction of Saliclyamide with Polyphosphoric Acid.--

A mixture of 150 gms., of polyphosphoric acld and 41,1 gms.
(0.3 mole) of salicylamide was heated on a steam cone for
24 hours. The deep red solution was diluted with 400 ml.
of hot water, the solid remaining was collected ahd dried
in vacuo. A white crystalliné powder separated from the
water on cooling, m.p. 142-184°%C ., which gave no depression
upon admixture of a pure sample of salicylamide. Removal
of most of the water gave 24 gms. of salicylamide. Thus,
treatment of 17.1 gms. (0.125 mole) of salicylamide in the
above manner gave 8.9 gms. (C.347 mole - 54%) of disalicyl-
amide (IX). Three recrystallizations gave a product m.p.
188-190°C., 1it. m.p. 197-199°C. (24).

Anal. Calcd. for C14H1104N: C, 65.36; H, 4.31; N, 5.45.

Found: Cc, 65.40; H, 4.44; N, 5.46



The compound is soluble in sodium carbonate, slightly
soluble in ethyl acetate,dioxane, and acetic acld, and gives
a bright red color with FeClB. It was previously prepared

by heating salicylamide with P205 (24),

Reaction of Hippuric Acid with Polyphosphoric Acid.--

Treatment of 36 gms. (0.2 mole) of hippuric acid in an
analogous manner to that described above gave 26 gms. of
the sﬁarting material. Tﬁere also sublimed out of the
reaction mixture 4 gms. of an acid, m.p. 121-123°. An
anilide prepared from the acid had a melting point of
158-159.5°C., 1it. m.p. of benzanilide 160°C. This means
that, based upon the unrecovered starting material, 65%

was converted to benzolc acid. Since this yield could have
improved it seems logical to suspect that the unrecovered
hippuric acid was hydrolyzed to benzoic acid and glycine.

The exact nature of the hydrolysis is unclear.

Reaction of Salicylamide and Hippuric Acid in Presence

of Polyphosphoric Acid.--A solution of 9 gms. (.05 mole) of

hippuric acid in 150 gms. of polyphosphoric acld was heated
on a steam bath and 10 gms. (.073 mole) of salicylamide
were added. The mixture was heated on a steam bath for 24
hours during which 2.1 gms., of benzoic acid sublimed into
the neck of the flask. Upon treatment of the mixture with
water, and subsgequent trituration with 5% Na2C03 solution,

the bhrown clay-like mass became friable. The dark brown
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solid was collected and dried. Acidification of the 5%
Na?_CO3 gelution gave a small amount ol disaiicylamide (1X),
m.p. 186—18900. The brown powder was extracted with ethyl
acebate and the sclution was filtered through 3 inches of
actlvated alumina. Zvaporation of the now vellow scluticn
in air gave 3.8 gms. of a third .compound (X). Compound X
is very slightly soluble in 5% HC1, is oxidized readily by

IS

K¥nQ) , readily decolorized Br, in CC14, zives a negative

A
FeClB test for the ovhenolic function and gives a negative
Terric hydroxamate test. Recrystallization four times

from ethanol did not remcve the color, but gave lisht yellow

needles, m.n. ijl 132.5 L.

Anal. Caled. for C,cH, 0,No: C, 73.27; H, 3.84; N, 10.68.

Found (1): C, 73.14; H, 3.87; M, 20.15.
(2 ¢, 71.69; H, 3.88; N, 20.46

A colorless compound was obtalned upon treatment of X with
Br? in CCl,. A U/V svectrum was taken with a Cary recording

spectrophotometer, model 11 M, using spectral grade CHCIB.

£

The concentration used was U4 mg./1C0 ml. of solvens. The

mol.
El o values given below were calculated assuming

C16H1002N2 as the molecular formula. Three peaks were

exhibited:

515 ol -3
.JZE_EEE 1 cm. 1 em TV
(1) 2Ly -3 mp 7h0 100
(2) 264-5 mp 380 ¢
(3) 378 ¢0 2.4
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The infrared spectrum was taken with a Perkin-Elmer self-
recording infrared spectrophotometer, model 21, using

spectral grade CHC1 A representation of this spectrum

3
is gilven 1in the figure below.
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Fig. 1. Infrared spectrum of compound X.

Reactilon of Salicylamide and Hydrocinnamic Acid in

the Presence of Polyphoric Acid.--A mixture of 15 gms..

(.100 mole) of hydrocinnamic acid and 20 gms. (.146 mole)
of salicylamide in 150 gms. of polyphosphoric acid was
treated in the same manner, as describea above. Tritura-
tion of the gréen clay-like material resulting from the

reaction, with 5% Na2003 gave a green solid and a clear
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solution. The solution was acidified, a solid collected,
and dried to give 10.2 gms. (.0398 mole - 55%) of disallcyl-
amide, IX, m.p. 186-189°C.,

The green solld was extracted with ethyl acetate to
give a yellow solution and a greenish-yellow solid femained."
Filtration of the solution through 3 inches of activated
alumina and removal of the solvent under reduced pressure
gave 2.1 gms. (.009 mole) of paie yellow compound XI, m.p.
140-143°C. Recrystallization twice from ethyl aceﬁafé gave
a compound identified as a dimer of alpha-hydrindone, called
by Kipping (23) "anhydrobishydrindone," m.p. 142-144°%
lit. m.p. 142-143%C. (23).

Anal. Calcd. for CgH,,0: C, 87.77; H, 5.86.
Found: C, 87.55; H, 5.93.
The greenish-yellow solid remaining after extraction with
ethyl acetate could be recrystallized from either tetra-
hydrofuran or dimethylformamide. Recrystallization four
times from tetrahydrofuran gave 4.4 gms, of compound XII,
silky yellow needles, m.p. 376.1-378.0°C. (obtained by means
of a copper-constantan thermocouple). Compound XI could be
converted to compound XII by heating with polyphosphoric acid.
Compound XII was identified with alpha-truxene, m.p. 365-368°
c.»(23).
Anal. Calcd. for C27H18: C, 94.51; H, 5.32
Found: C, 94.22; H, 5.54
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The fluorescence spectra of the compound was taken by
Dr. Allan Osborne of the du Pont Company‘and 18 discussed

in the text.

Methanesulfonyl-DL-phenylalanine Salicylamide Ester

(XIII).--Acylation of 25 gms. (.152 mole) of DL-phenyl-
alanine Wiﬁh\lQle. (18 gms. - .52 mole) of methanesulfonyl
chloride as directed by Grinert (44) gave an oil which
solidified on standing one week to give 8.8 gms. (.036 mole)
of product, m.p. 06-09°C., Recrystallization from a 1:5
mixture of benzene and acetlc acid gave 7.2 gms. (.0296
mole - 19.4%).of methanesulfonyl-DL-phenylalanine, m.p.
101-1.02°C., 1it. m.p. 104°C. (44).

Treatment of 7.2 gms. of the above wlth an excess of
PCl5 in the usual manner gave methanesulfonyl-DL-phenyl-
alanylchloride, a yellow oil.

The oil- above Was placed in solution in 100 ml. of
dry bengzene and 3.9 gms. (.0226 mole) of the sodium salt
of salicylamide were added. The suspension was vigorously
stirred and heated at 10°C. overnight. The solid was col-
lected, washed repeatedly with cold water, and recrystal-
lized twice from a mixture of benzene and hexane to give
0.48 gms. (.0013 mole - 1% overall yield) of XIII, m.p.
153.8-155°C,

Anal. Caled. for Cy-H gOgN,S: €, 56.34; H, 5.01; N, 7.73.

Found: Cc, 56.23; H, 5.42; N, 7.50.
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Anthranilamide. A.--Repeated treatment of 100 gnms.

(0.66 mole) of{methylanthranilate with methanol saturated
-with NH3 over a 5 months pefiod with intermittent removal
of methanol under reduced presgsure and addition of freshly
‘saturated methanol gave an oil. The oill was taken up in
ether and precipitation with hexane gave 22.2 gums. (.165

mole - 27.4%) anthranilamide, m.p. 108.5-111°C., 1it.

m.p. 109-111°¢C.

B.--A mixture of 33.4 gms. (0.2 mole) of o-nitrobenzoic
acid and 43.6 gms. (0.22 mole) of P015 was shaken by hand
until reaction began. Then the semi-solid mass was stirred
vigorously and heated slowly tTo AOOC. The deep brown solu-
tion, after cooling, was added dropwise from a separatory.
funnel into 200 ml. of conc. NHAOH’ precooled in an ice-salt
bath. After the final addition the reaction solution was
allowed to stir for an additional 30 minutes. The light
brown solid was collected and dried to give 26.6 gms. (0.16
mole - 80%) of o-nitrobenzamide. Recrystallization from
methanol gave a product, m.p. 173-176°C., 1it. m.p. 174-176°
c. (45).

A solution of 26.6 gms. (0.16 mole) of the above and
16 gms. (0.53 mole) of anhydrous hydrazine in 400 ml.
ethanol was heated on a steam cone. When the solution was
just warm a small amount of Raney-nickel was added and the
solution was heated for 3 hours. More Raney-nickel was

added and the solution was heated under refluxing conditions
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for 30 minutes. The catalyst was removed by filtration,

the solution heated with Norite and filtered, and the solvent
was removed under reduced pressure. The resultant thick oll
was . cooled and the solid recrystallizéd from a mixture of
ethanol and hexane to give 16.5 gms. (.123 mole - 76.7%)

of anthranilamide, m.p. 109-110°C., 1it. m.p. 109-111°¢C.

r

Trifluoracetyl-L-phenylalanine Anthranilamide (XIV).~--

Trifluoracetyl-L-phenylalanine was prepared as before,
[04136'1 =+ 17.3 + 0.3 (C, 2% in ethanol), tc<]§5'o =
+ 35.3 + 0.4 (C, 2% in glacial acetic acid). Three and
two tenths gms. (.0123 mole) of the above was converted to
the acid chloride by P015 in the usualrmanner. The acid
chloride was placed in solution in ether, the ethereal
solution was added to 1.36 gms. (.0l mole) of anthranil-
amide in dry ether, 2 gms. (.02 mole) of triethylamine was
added, and the solution stirred at room temperature for
24 hours. The solution was filtered free of triethylamine-
hydrochloride and the ether was removed under reduced
pressure. Recrystallization of the residue from ethanocl
gave 1.86 gms. (.0040 mole - L4¢%) of XIV, m.p. 191.5-192.000}
[OC]%S'O = -48.8 + 0.8 (C, 1.3% in dimethylformamide).

Anal. Caled. for CygH,z05NaFo: C, 56.995 H, 4.25; N, 11.08.

Found : C, 56.94; H, 4.,23; N, 11.03.
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Acetyl-DL-phenylalanine Cyanomethyl Ester (XV).--

Treatment of 14.4 gms. (.0695 mole) of acetyl-DL-phenyl-
alanine with 9.08 gms. (.121 mole) of redistilled chlor-
acetonitrile in the presence of triethylamine as direcfed
by Schwyzer for similar compounds (29) gave 11.0 gms.
(.OUL6 mole - 6L%) of crude acetyl-DL-phenylalanine cyano-
methyl ester (XV). Récrystallization twice from a mixture
of ethanol and hexane gave white needles, m.p. o4-95°C,
Anal. Calcd. for 013H1403N2: ¢, 63.40; H, 5.73; N, 11.38

Found: C, 63.52; H, 5.71; N, 11.42

1

The above was reacted with benzylamine to obtain acetyl-
DL-phenylalanine benzamide, m.p. 161.5-162.9°C.
Anal. Calecd. for ClTHlSOENQ: N, 9.45

Found: N, 9.52

Acetyl-DL-phenylalanine Glycolamide Ester (XVI).--A

solution of 2.46 gms. (.0l mole) of XV in 75 ml. of ben-
zene to which 3.3 ml. of 3 M methanol (in benzene) had been
added, was saturated with dry HCl gas. The solution was
allowed to stand at room temperature for 15 minutes. The
benzene was removed by distillation on a steam cone with-
out vacuum and the white residue was taken up in 350 ml.

of hot ethyl acetate and the solution cooled slowly. The
solid was collected and dried to give 1.69 gms. (;064

mole - 6U4.0%) of XVI. Recrystallization from ethyl acetate

gave a prbduct, m.p. 158.5-155.5°¢C.
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“Anal. Calcd. for Ci3Hyg0yNp: Cs 5¢6.08; H, 6.10; N; 10.60

Found: C, 59.14; H, 6.07; N, 10.65

Acetyl-L-phenylalanine Cyanomethyl Ester (XVII).--Treat-
ment of 7.2 gms. (.035 lee) of acetyl-L-phenylalanine under
.condiﬁions analogous to the one described above for the
DL-cyanomethyl ester gave 4.4 gms. (.018 mole - 51.5%) of
crude XVII.‘ Recrystallization twice from a mixture of
ethanol and hexane gave white needles, m.p. 124.5—125.50C.
[e€]27:3 = -11.2 + 0.4 (C, 3.0% in acetone).

Anal. Calcd. for C13H140 N,: C, 63.40; H, 5.73; N, 11.38

Found: ¢, 63.56; H, 5.80;

, 11.43.

Acetyl-L-phenylalanine Glycolamide Ester (XVIII).--Treat-

ment of 2.46 pms. (.01 mole) of XVII under condltions analo-
gous to the one described above for the DL-glycolamide ester
gave 1.6 gms. (.061 mole - 61%) of crude XVIII. Recrystal-
lization from a mixture of eﬁhanoi and hexane gave fine
white needles, m.p. 120.5-121.5°C. [e€]5°°3 = + 2.2 + 0.2°
(C, 2.3% in absolute ethanol).
Anal. Calcd. for Cl3H16O&N2: ¢, 59.08; H, 6.10; N, 10.60.
Found : ¢, 59.12; H, 6.05; N, 10.61
A mixed melting range with a sample of acetyl-DL-
phenylalanine glycolamide ester, m.p. 160.5-161.5°C., was
132-162°C.
Qualitative observations on the enzymatic hydrolysis of

the above compound were made and are reported in the tex?t.
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THE APPARENT IONIZATION CONSTANTS OF A

SERIES OF PHENYLALANINE DERIVATIVES
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THE APPARENT IONIZATION CONSTANTS OF A

SERIES OF PHENYLATANINE DERIVATIVES

Introduction

A number‘bf problems being investigated in these
laborétories including the specificity and action of
alpha-chymotrypsin and the modification of the carboxyl
function of amino.-acid derivatives (1) have required the
synthesis and use of a number of non-acylated phenyl-
alanine derivatives, It was of interest to have on hand
more information as to the apparent ionization constants of
a series of these derivatives. In this section the appar-
ent lonization constants of the methyl ester, the amide,
the thioamide, the hydrazide, and the amidoxime of DL-
phenylalanine and that of the protonated amino group in
DL-phenylalanine 1tself are reported.

It is well-known that the mono-basic, mono-carboxylic
amino aclds exist as dipolar lons 1n solution (2). 1In
order that this may occur the molecule must have, in
strongly acidic solution an uncharged group and a cationic
group. This amphoteric compound, to exist at its isoelectric
point as a dipolar ilon must have an uncharged acid group
stronger than the cationic group so that the compound upon

losing a proton becomes a dipolar ion.
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Phenylalanine exists in acid solution as the cation:

CH,~CH-COOH

+
3

NH

Adams (3) and Bjerrum (4) used an argument analogous
to the rfollowing for phenylalanine to explain the dipolar
ion structure of glycine. |

The acid dissoéiation constants for DL-phenylalanine

_p _a 18
0 2.16 and 10 .15 (5). The acid dissociation con-

-4.66 (6).

are 1
stant for ggggfphgnylpropionic acid is 10 The
presence of a positive charge on the alpha-amino group in
phenylalanine might be expected to change the electro-
static environment of the carboxyl group, repelling a
proton and thereby increasing acld dissociation. The
constant for beta-phenylethylamine is 10"9ﬂ83 (7), over
ten thousand times weaker than the first acid dissocilation
of phenylalanine. It is qulckly seen that the value of
pKl = 2,16 for phenylalanine is due to the carboxyl group
and not the amino group. If one esterifies the carboxyl
group the pK of the amino group is lowered almost two
units (see Table I.). This is due to the removal of the
carboxyl group and the difference between the pK of gggg-
phenylethylamine and phenylalanine methyl ester can be

thought of as the effect of the carbonyl polarizability.

A shift in electrons out of the amino group under the



_180-

influence of the carbonyl group was first termed the induc-
tive effect by Lewis (8). If one changes the character

of the carvonyl by modification, it/might be expected that
the effect of induction on the alpha-amino group would be
different depending upon the modification. It was the
purpose of this investigation to take a few of The availl-
able derivatives énd determine their apparent dissociétion

constants with the above view in mind.

Discussion of Resgults

The series of DL-phenylalanine derivatives, I-VI,
indicated below were either prepared or were avallable as

indicated in the experimental section:

X v
X
CH,-CH-CZ T =0 ~OH
NH, IT =0 ~0CH,
TIT =0 ~NH,
v =3 ~NH,,
v =0 ~NHNH,,
VI =NOH ~NH,,

The apparent ionization constants were determined as
outlined in the experimental section and the results are
tabulated in Table I. It was felt that since in the case

of the derivatives capable of di-protonation; phenylalanine,



-181-

»hydrazide,'and amldoxime, the ratio of The apparent dissocil-
ation constants Wé:s in these cases greater than 10,000, and
the ionic and molecular concentrations could be determlned
with certainty. This led to the consideration of a single
equilibrium and direct evaluation of the apparent ioniza—
tion constants of the protonated amino groups.

The pK value for the protonated amino group in phényl—
alanine was recorded as 9.17. This 1s in excellent agree-
‘ment with the earlier report of 9.15 (5) and an earlier
report of 9.13“(2).

An expected difference between the thiocamide and thé
amide did not materialize as identical values, within the
limits of experimental error, were found. The values for
the methyl ester and the amidoxime were of the same order
as the others.

The protonated amino group in DL-phenylalanylhydrazide
was lower than the others, outside the limits of experi-
mental error. Sincée it is felt that the inductive effect

1

should be analogous in the amide and the hydrazide, the
explanation must lie elsewhere. The inductive effect would
predict a greater availablility of the electrons in the
hydrazide than in the methyl ester, yet the pK values show
an opposite effect. The explénation may lie in a cyclic
hydrogen-bonded structure (see proposition 3).

The results at three different salt concentratlions

indicate no particular dependence of the apparent loniza-
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tion constants upon the ionic strength over the range
studied. Representative titration curves for each of the
compounds are shown in figure 1.

- The expected differences were elther too small to be
detected in the pK values or not noticeably I1mportant when
separated by the one carbon atom. The determinations did
serve to point out the ease of such titrations employing
the automatic titration instrumént described briefly in
the experimenﬁal éectionﬁ

The author is indebted to Dr. Paul Peterson for the
ample samples of the thioamide and the amidoxime used 1in

the above determinations.

*
Experimental

‘DL-Phenylalanine (I).--Synthetic Dow Chemical Company

DL-phenylalanine was recrystallized twice from water.

DL-Phenylalanine Methyl Ester (IIL).--This compound was

preparea by the method employing thionyl chloride as de-
scribed in the previous section for the preparation of
L-tyrosine ethyl ester. It was isolated and used as the
hydrochloride salt. Recrystallization from a 3:10 mixture
of methanol and ether gave white needles, m.p. 158—15900.,

1it. m.p. 158°C. (9).

_X_ .
A1l analyses are by Dr. Adalbert Elek.
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DL-Phenylalanine Amide (III).--Ammonolysis of 3.6 gms.
(.02 mole) of the freé methyl ester of above gave 2.3 gms.
(.014 mole - 70%) of III. Recrystallization from chloro-

form gave prisms, m.p. 138-140°C., 1it. m.p. 138-13¢°c. (10).

DL-Phenylalanine Thioamide (IV).--This compound was

prepared by Peterson (11), m.p. 135-136.3°C.

Anal. Calcd for C H V S: ¢, 5¢.963 H, 6.71; N, 15.54

2"
Found C, 60.05; H, 6.72; N, 15.63

DL-Phenylalanyl Hydrazide (V).--Addition of 1.8 gms.

(.01 mole) of DL-phenylalanine methyl ester in 25 ml, of
absolute ethanol to 1 gm. of anhydrous hydrazine and heating
the solution under refluxing conditions and cooling gave
1.1 gm. (.061 mole - 61%) of V, m.p. 87.5-89.0C.Recrystal-
lization from a mixture of ethanol and hexane gave colorless
crystals, m.p. 88.5-90.0°C.

Anal. Caled. for CgH,;0.N: C, 60.31; H, 7.31; N, 23.45

Found. o C, 60.48; H, 7.42; N, 23.38

DIL.-Phenylalanine Amidoxime (ol -amino- ﬁ—phenylpropio—

amidoxime) (VI).--This compound was prepared by Peterson

(11). Recrystallization from water gave white plates, m.p.

117.5-118.5°¢.
Anal. Calcd., for 09H1303N3 Cc, 60.31; H, 7.31; N, 23.45
Found : ¢, 60.34; H, 7.39; N, 23.41
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Potentiometric Determination of Apparent ITonization

Constants.--All measurements were made with an automatic
recording pH stét designed and build by M. D. Cannbn,
International Instruments Co., Canyon, California. The
instrument is a modification of the instrumeht recently
~described by Neilands and Cannon (13). This model is a

dual purpose instrument combining elements essential for

either constant or variable—pH‘titrations. In the titra-
tiohs described herein the instrument was calibrated and
set for variable pH titration. When set up in this manner
a unidirectional synchronous motor delivers the titrating
fluid through an ég;g*rmicrometer syringe. The motor
operates at 6 r.p.m. and delivers the titrating fluid, in
this case concentrated base, at the rate of 30 x 1073 ml./
min. The bése employed in these titrations was of high
enough concentration to render the change in volume of
solution throughout the titration negligible. The delivery
of .8534 N base corresponds to 25.63 milliequivalents/min.
The base is delivered to the solution through a Dewltt and
Herz Inc. staihless steel hypodermic needle with the tip
bent up to limit diffusion of the base into the solution.
The cell used 1s of 25 ml. capacity and is enclosed
in a water jacket designed to maintain the temperature at

25.0 + 0.1°C. The temperature inside the cell was maintained

« ,
Burroughs Wellcome and Co., London, England. Total
Capacity--.5 ml.
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by circulating water through the jacket from a Precision
constanﬁ temperature bath and circulating system. The
solution was vigorously stirred and a CO,-free atmosphere
was maintained by 'sweeping' the solution with nitrogen.
The pH of the solution was measured using the Beckmann
No. 49¢0-29 glass electrode and No. 4970-29 calomel refer-
ence electrode in conjunction with a Leeds and Northrup
Model 7664-41 A;C.—operated pH‘indicator. The pH meter
output 1s coupled directly with a Leeds and Northrup
Speedomax Type G Recorder enabling one to obtain a titra-
tion curve directly.

In all cases the electrodes were standardized with
buffer solution at »H 4, 7, and 10 before and after the
titration and correction made fer non-linearity of this
calibration.

In all cases standard stock solutions were prepared
in Cog-free water as was the base and the acid used. The
atmosphere was Kkept COQ—free as stated above, Ten ml.
aliguots of the stock solutions of amino acid derivatives
containing approximately 75 milliequivalents were pipetted
into the reaction cell, and 10 ml. of the various salt
solutions (.4 N, .2 N, and .1 N)ta make afinal salt concen-
tration of .2 N, .1 N, and .05 N, respectively, were added.
One or two ml. of .0498 N acid was pipetted into the solu-
tion and the now acid solution was titrated as indicated

above. An average of five titrations was made on each
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derivativé at the different salt concentrations. In no
case could any apparent difference due to lonic strength
be noted. The constants were evaluated from the curves
considering a single equilibriunm (14); The pKa of the amino
groups of the various derivatives are listed in Table I.
Representative curves have been traced and are shown in
Figure 1. The values given are believed to be accurabe
within .03 pX unit.

The author is indebted to Dr. Cannon for instruction

PG

in the operation of the tifrimeter.
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Table I

Apparent Ionizatlon Constants of a Series of
DL-Phenylalanine Derivatives at 25.0 + 0.1°C.

Compound. [Salt] pK' of [Salt] pK' of
~NH, ~NH, T
3 3
I. DL-Phenylalanine .05 g.21 .20 ¢.11
.10 G.1¢ .20 c.13
.20 a.17

pK'=G.17+.03

II. QE—Phenylalanylmethyl’Ester .05 7.28 .20 7.33
.10 7.25 .20 7.31
.20 7.28 .20 7.35

pK1=7.30+.03
III. DL-Phenylalanine Amide .05 741 .20 742
.10 7.38 .20 7.U6

.20 7.36

pK =7 .40+, 03
IV. DL-Phenylalanine Thioamide .05 7.37 .20 7.3S
.10 7,42 .20 7.36

.20 7.40

pK'=7.39+.03
V. DL-Phenylalanylhydrazide .05 7.12 .20 7.16
.10 0 7.1 .20 7.18

.20 7,12

pK1=7.1L+.02
VI. DL-Phenylalanine Amidoxime .05 7.24 .20 7.26
.10 7.22 .20 7 .24

pK'=7.24+.02
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ADDITION OF BASE
\H\
+\\

Fig. 1. Titration curves for a series of phenylalanine
derivatives: I-acld, II-methyl ester, IIT-amide,
TV-thicamide, V-hydrazide, VI-amldoxime.
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PROPOSITIONS



PROPOSITIONS

In many cases in derivatization ofocfamino acids it

is very difficult to isolaﬁe the optically active

E—enantidmorph which is desired for enzymatic hydroly-

sls studies. It is proposed thét competitive h&droly-.

sls between a substfate whose enzymatic hydrolysis

constants are known and the optically inactive DL-
compognd will yileld the desired constanfs for the

L-isomer,

The following reaction was reported in 1952 (1):

r ;-
H,0S0,CH, CH0SO,CH, 1
" o — LOOH
o OH H

Steroids oxygenated in the twelve position are
available ‘in the bile acid series. It is proposed that
the same type of reaction as above be utilized in the
conversion of the readily available steroids with the
hydroxyl group in the 012 pogition into the important

oxygenated Cll sterolds.
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The dpparent lonization constant of the protonated
amino group on phenylalanylhydrazide 1s 0.2 pK unit
lower than fhat of phenylalanylamide (2). This dif-
- ference also exists between glycylhydrazide and
glyeylamide (3,4).

(a) It is proposed that the difference is due to
the possibility of a cyclic hydrogen-bonded molecule
in the hydrazide whereas this is less likely in the
amide.

(b) It is proposed that preparation of phenyl-
alanylmethylamide and the mono- and di-fluoromethyl-
amides and subseqguent determination of their apparent
ionization constants would be interesting evidence in

favor of the cyclic hydrogen bonded structure.

In the base-catalyzed decomposition of substituted

o{- (benzenesulfonamido)~-carboxylic acid chlorides 1t

has been sgggested that the reaction mechanism involves
a displacemént at the ol-carbon atom in which a hydroxyl
ion displaces a (:00C1)" anion (5). A much more likely
mechanism 1s one involving initial abstraction of the
proton from the nitrogen followed by a shift of elec-
trons leading to displacement of the anlon. It is pro-
posed that information to prove this mechanism would

be gained from the base-catalyzed dgcomposition of the

corresponding N-methyl compounds (6).



An interesting scheme has been advanced by Longuit-
Higgins to explain the electronic strucﬁure of "sand-
wich molecules" such as Fe(G5H5)2Hand Co(Cglg),. In
~view of this scheme 1t is‘proposed that attempts be
made to prepare molecules of this type with two dif-
ferent ring sizes 1in the same complex with the appro-

priate metal (7).

It i1s proposed that a study of the action of alpha-
chymbtrypsin upon 3-acetamido-4-(p-hydroxyphenyl)-2-
butanone be undertaken (8). It contains all the re-
guirements of The usual substrate except an easily
hydrolysable group. The possibility exists that it
would be bound to the enzyme strongly, inhibiting
reaction of any other substrate. A second poséibility
is carbon-carbon cleavage since ethyl 5-(p-hydroxy-
phenyl)-3-ketovalerate is cleaved by alpha-chymotryp-

sin to yield p-hydroxyphenylpropionic acid (9).
From the experimental evidence obtained the ffollowing

structure 1s proposed as a possible structure for com-

pound X in this thesis (10).

N=
NH
N

o/’\O
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The Biochemical interconversions of ol-aspartyl semi-
aldehyde and aspartic acid as well as glyceraldehyde-
3-phosphate and 3-phospho-glyceric aclid proceed by

way of phosphorylated intermediates (11-13). It is

propoged that the bilochemical interconversion of

glutamic semi-aldehyde and glutamic acld involves a
similar intermediate. Even though the X~glutamyl
phosphate has not heen isolated one can test for the
oceurrence of such an intermediate by the detection
of a glutamic acid dependent release of l1lnorganic

32 . .
phogphate from P labeled adenosine triphosphate

using known enzyme sources (14).

Thionalide (thioglycollic acﬂi—ﬁ—aminonapthalide) has
been used for the determination of the metals copper,
mercury, silver, bismuth or lead (15,16). A volu-
metric méthod invdlving addition of an excess of the
thionalide to the solution of the metal lon, removal
of the precipitate by filtration and determination of

e

excess Thionalide with standard periodate 1s proposed.
An isomer of ethyl 4-phenvlpiperidine-L-carboxylate
(pethidine) where the substituents are moved around
the piperidine ring one carvon, ethyl 3I-phenyl-3-

carboxylate (B -pethidine) (17) has been shown to

possess a longer and more powerful effect than the
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former. It also gives less euphorla, causesgs less

respiratory depression, and shows-less addiction

~properties (18). It is proposed that a similar iso-

~mer of morphine be synthesized and tested as possibly

exhibiting some of these desirable properties over

morphine itselfl.

(a) In attempts to prepare the imidic ethyl ester of
benzoyl cyanide the only substances lsolated were
ethyl benzoate and decomposgsition products of HCN.

It is proposed that the scope of acylation with acyl
cyanldes be investigated. |
(p) It is further proposed that acyl cyanides where
the acyl molety 1s an acylated e-amino acid be inves-
tigated as substrates for enzymatic hydrolysis by

alpha-chymotrypsin.

A solution of phenyliliodosodichloride in pyridine
allowed to Standvét room temperature for one hour
gives a good yield of 4-chloropyridine (19). A
mechanism involving complex formation between the
two reactants followed by a nucleophilic attack of

chloride ion on the pyridine molety 1s proposed.
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