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was maintained at an internal temperature closg to 170°
under nitrogen for six hours in a flask equipped with a reflux
condenser. The excess diethylaminoacetonitrile was then
removed at water pump pressure and the residue was sub-
mitted to distillation at the oil pump. After a small fore-
run of indole, indoleacetonitrile was collected at 144-152°
(0.03 mm.) or 160-165° (0.2 mm.) (lit.” 157° (0.2 mm.)) as
a viscous, slightly cloudy liquid weighing 5.2-6.9 g. (33~
449%). The picrate’ melted at 128-129° without recrys-
tallization (lit.7 127-128°) and hydrolysis of the nitrile with
20% aqueous potassium hydroxide’ yielded the acid, m.p.
162-164° (dec.) in 85%, yield (lit.” m.p. 164-165° (dec.),
vield 86%). We were unable to find a solvent for the re-
action, aromatic hydrocarbons or aliphatic alcohols having
been proved unsuitable. Attempts to scale up the prepara-
tion led to a drop in yield.
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It is generally recognized that when the rate of

disappearance of the specific substrate S; in the
system

k ks
Ef‘}‘SfTES'—)Ef-}‘Plf“-sz... (1)
2

is given by equation (2), where Ks = (ks -+ k3)/k,
a plot of In [S]y/[S]; versus ¢ will at particularly

—d[8]/dt = k[E][S]/(Ks + [S]) (2)

low concentrations of [S], when Kgis largerelativeto
[S]o approximate that of a first-rrder reaction, thata
plot of ([S]o — [S]:) versus ¢ will at particularly high
concentrations of [S]y when Ks is small relative to
[Sl approximate that of a zero-order reaction.

Despite the apparent success in relating the
activities of several series of specific substrates on
the basis of their respective approximate first-
order constants determined at a single and arbi-
trary initial specific substrate concentration, ..,
on the basis of so-called first-order proteolytic
coefficients,® 9 it is clear from the investigations of
Neurath and his co-workers’—® that this practice
is basically unsound and should be abandoned.

In an attempt to devise a more rational pro-
cedure for the comparison of the activities of a
series of specific substrates Neurath, et al.,7—*°
suggested that the approximate first-order con-
stants be extrapolated to zero initial specific sub-
strate concentrations, 7.e., where the so-called maxi-
mum first-order proteolytic coefficient CL., is
defined by equation (3).

2.3 CL,. = k:/Ks (3)
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There are two limiting cases for equation (3):
I, where k3 > ko, Ks = ky/ky and Cl., = ki;
and II, where kb3 < kg, Ks = ko/ky and Cl,, =
kiks/ks. It is obvious that in case I ClL., is in
no way related to the susceptibility of ES to
subsequent reaction being clearly the constant for

the reaction depicted in equation (4). Thus, if
k
E + S —> ES (4)

it can be shown that for all specific substrates
being compared k; > k. then values of Cl,, can
be used to compare the rates with which these
specific substrates will combine with a given
enzyme present in a particular reaction system
recognizing of course that independent evidence
must be provided to show that all of the specific
substrates are reacting with the same catalytically
active site if the results are to be interpreted in
this manner.

For case II (L. is directly proportional to k;,
which in many instances, but not in all, can be
taken as an index of the suceptibility of ES to
subsequent reaction, and inversely proportional to
the dissociation constant ky/k; of ES. Thus, in
this case C. ., can only lead to a somewhat ambig-
uous estimate of the relative activity of a series of
specific substrates and cannot be used to estimate
on one hand the affinity of the enzyme for a par-
ticular specific substrate, or set of specific sub-
strates, and on the other the susceptibility to subse-
quent reaction of the corresponding enzyme-sub-
strate complexes. An example of the confusion
that can arise through the use of Cl,. values to
estimate the relative activity of a series of specific
substrates where k; < ky is given immediately
below.

If it is assumed with some justification!®!! that
the molecular weight of e-chymotrypsin is ca.
22,000 and its nitrogen content is ca. 16%, then
for acetyl-L-tryptophanamide!? k; = 0.029 sec.™?,
Ks = 0.0053 M and C!. = 5.5 M~! sec.”}, and
for acetyl-L-phenylalaninamide!? k; = 0.047 sec.1,
Ks = 0.034 M and Cl. = 1.4 M~! sec.™! For
these two specific substrates it is probable that in
both instances Kg = ky/k;i'*'* and consequently
CLex i to be interpreted in terms of case II above.

The fact that C! ., for acetyl-L-phenylalaninamide

max
is but ca. /4 of that for acetyl-L-tryptophanamide
is not due to a greater susceptibility to hydrolysis
of the enzyme-substrate complex arising from
acetyl-L-tryptophanamide than that arising from
acetyl-L-phenylalaninamide since the respective k;
values, 4.6., 0.029 and 0.047 sec.~! actually predict
the reverse situation, but rather to the far greater
affinity of the enzyme for acetyl-L-tryptophan-
amide than for acetyl-L-phenylalaninamide as
indicated by the Kg values of 0.0053 and 0.034 A,
respectively. Thus in the absence of any knowl-
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edge of the pertinent Kg and k; values it is clear
that values of Cl,, for case II provide no more
than an ambiguous estimate of relative activity in
which the contributions due to Ks and those due
to k3 can not be separately evaluated. It should
be noted that past experience has shown that
there is no basis for the assumption that in an
extended series Kg is approximately constant and
ks is the important variable or vice versa.'?

While it is true that in the system depicted in
equation (1) there is no ambiguity arising in the
interpretation of C°, 4., the true zero-order
coefficient, since it is directly proportional to ks,
it is obvious that valid comparisons cannot be
made between C° values on one hand and Cl,,
values on the other.
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Recent reports!—¢ on the base-catalyzed conden-
sation of dialkyl phosphites with carbonyl com-
pounds to yield a-hydroxy phosphonates prompt
us to report preliminary work on their synthesis
by the use of bromomagnesium derivatives of
dialkyl phosphites prepared ¢n situ. These deriva-
tives may be prepared by the addition of an ether
solution of a Grignard reagent to an ether solution
of a dialkyl phosphite according to the equation

R /.O RO 0
Z>P\ + R’MgBr —> O>P< + R'H

R H R MgBr

Refluxing the bromomagnesium derivative with
an aldehyde or ketone and decomposing the re-
action mixture with saturated ammonium chloride
solution or dilute acid yields after drying and
vacuum distillation the a-hydroxyphosphonate.

The reactions leading to the formation of the
a-hydroxyphosphonates may be written in a
manner analogous to the reaction of Grignard
reagents with carbonyl compounds.

R ) R 0
P< + R'CHO —> P<
R MgBr R ?H—R,’

OMgBr
R 0 H* RO\_ -0
P< R' —> PR+ Mgttt
R CH R CH< Br-
OMgBr OH

The acidity of dialkyl phosphites is well known,®
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NoTtes

3591

magnesium salts,® in addition to others, having
been prepared and while cognizance of this is taken
in the replacement of alkoxy groups of dialkyl
phosphites by alkyl groups from Grignard reagents,’
apparently no previous attempt has been made to
prepare and utilize halomagnesium derivatives for
synthetic purposes.?

The in situ prepared bromomagnesium salts are
stable on refluxing in diethyl ether, do not react
with alkyl halides (#-butyl bromide and methyl
iodide) on refluxing in diethyl ether and react with
oxides and acyl halides in addition to ketones and
aldehydes. These and other reactions are under
investigation.

Experimental

Ethane Evolution from Ethylmagnesium Bromide and
Diethyl Phosphite.—A solution of 1.38 g. (0.010 mole) of
diethyl phosphite in 6 ml. of anhydrous ether was placed in
a 3-necked flask of 20-ml. capacity. The flask was con-
nected via a small cold-water condenser to two gas burets
arranged in series. After displacement of air by ether va-
pors, 6.65 ml. (0.010 mole) of a 1.50 M solution of ethyl-
magnesium bromide in anhydrous ether was added dropwise
with shaking over a period of 20 minutes at room tempera-
ture. The evolved gas was collected in the first buret and
then transferred to the second buret where its volume was
measured at room temperature and atmospheric pressure.
The confining liquid in both burets was 859, phosphoric acid.
Blank determinations indicated essentially complete ab-
sorption of ether vapors. The volume of gas collected, re-
duced to standard conditions, was 218 ml. (97.4% of
theory).?

In situ Preparation of the Bromomagnesium Salt of Di-
butyl Phosphite.—Into a 3-necked flask, equipped with
sealed stirrer, dropping funnel, reflux condenser and calcium
chloride drying tubes, a solution of 38.8 g. (0.2 mole) of
dibutyl phosphite in 50 ml. of anhydrous ether was placed.
A solution of 0.2 mole of ethylmagnesium bromide in 100
ml. of anhydrous ether was then added dropwise with stir-
ring and cooling in an ice-salt mixture. Toward the end
of the addition, the reaction mixture separated into two
layers, the lower a thick oil. In the case of diethyl phos-
phite a pasty mass separated which on continued stirring
dispersed and two layers formed. The intact reaction mix-
ture or that prepared by reverse addition under the same
conditions was used as a source of the bromomagnesium salt
in subsequent experiments.

Attempts to isolate the bromomagnesium derivative of
diethyl phosphite by separation of the lower layer, washing
with ether and drying in high vacuum yielded a white, hy-
groscopic powder whose analysis consistently failed to agree
with the calculated values and from which no empirical for-
mula could be calculated.

Anal. Caled. for CiH;yO;:BrMgP: C, 19.82; H, 4.11;
Br, 33.12; Mg, 9.95; P, 12.83. Found: C, 13.65; H,

' 5.61; Br, 26.56; Mg, 18.90; P, 11.50.

Stability of the Bromomagnesium Salt of Dibutyl Phos-
phite to Reflux in Ether.—After preparation of the bromo-
magnesium salt, using the quantities and conditions indi-
cated above, the cooling bath was removed and the reaction
mixture was refluxed for three hours. After standing over-
night at room temperature decomposition of the salt was
effected by shaking the reaction mixture with 100 ml. of cold

(8) T. Milobendzki and T. Knoll, Chem, Polsk., 18, 79 (1917);
C. A., 18, 2867 (1919).
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