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For a number of amines including NHj; NH.-
CHzCHzNHg, C2H5NH2, CH3NH2 and (C2H5)2NH,
the rate-law was found to be

—d[CO]/dt = kexp[CO] [AgLy¥][HLF] 7 (2)
which is kinetically equivalent to
—d[CO]/dt = k[CO][L-Ag-OH] (3)

For the amines listed above, kexp at 25° increased
by a factor of about 140 in going along the series
from NH;j to (C;H;).NH. In each case the rate-
determining reaction apparently was homogeneous
and uninfluenced, at least over a considerable
portion of the reaction, by the precipitated silver
or other surface effects.

Evidence has been advanced? previously that
the reduction of Hg?t by CO in aqueous solution
proceeds through an intermediate, [—Hg—CO—
OH]*, formed by ‘“insertion’’ of CO between Hg?+
and a ligand water molecule, while analogous
intermediates have been postulated in the Hg?*-
and AgT-catalyzed reduction of MnO,~ by CO.
It is noteworthy that the kinetics in the present
instance also find a natural interpretation, accord-
ing to the mechanism (4),(5), and (6), in terms of
such an intermediate

K
Agle* + Hz0 i
L-Ag-OH + HL* (Rapid equilibrium) (4)

k
L-Ag-OH + CO —»
0

|
L-Ag-C-OH (Rate-determining) (5)
(0]

I
L-Ag-C-OH + L-Ag-OH —>
2Ag + COs~ + 2HL* (Rapid) (6)

The apparent rate constant, kegp, and the rate
constant, %, defined by equation 5 are thus related
through

Eoxp = kK = EKgKpKn (7

where Kq is the first dissociation constant of AgL,+
(i.e., Agls & AgL+ + L), Ky is the basicity con-
stant of the amine (d.e., L + H,O & HL+ 4+0H™)
and Kp is the association constant of AgL+ with
OH- (AgL+ + OH- = L-Ag-OH). TableI re-
veals that for the series of monodentate amines
examined, the variation in kexp is accounted for in
large measure by the variation in KqKp while the
value of 2Kp (~2 X 109 is relatively insensitive
to the nature of L (the somewhat lower value for
ethylenediamine is attributable to chelation ef-
fects). If Ky (which also is probably insensitive to
the nature of L) is taken to be of the same order,
t.e.,, ~2 X 10% as for the uncomplexed Ag™ ion,?
the value of % is found to be about 10® M ! sec.~ .

With NH; as ligand some departure from the
kinetics described above was observed at high
NH;* concentrations when the kinetics approached
the form predicted by the above mechanism under

—d[CO]/dt « [CO][AgL,+]2[HL*] 2 (8)
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TaBLE 1
SUMMARY OF KINETIC AND RELATED THERMODYNAMIC DATA
AT 25°
K4 Ky kKn
X 1048 X 104¢ X 1078,
Amine (L) Eexp, sec. =t M M M -2 sec. ™}
NH; 5.3 X 10—¢ 1.2 0.18 2.5
NH,CH:CH,NH, 1.1 X 107% 12 1.5 0.61
C.H;NH, 1.6 X 102 1.2 6.4 2.1
CH;NH, 3.0 X 102 3.0 5.2 1.9
(CeH;)NH 7.6 X 1072 5.0 9.1 1.7

e Values of K4 and Ky, from ref, 4 corrected! where neces-
sary to 25°. ® Computed from 2Kp = Eexp/KaKb.

conditions when (because of lowering of the con-
centration of L-Ag-OH by reverse displacement of
equilibrium 4) reaction 6 is slowed down to the
point where competition between this step and
reversal of step 5 now determines the rate.

Among other things it would appear from these
considerations that the increase in pH, rather than
effects associated specifically with complexing of
the Ag™ ion, is primarily responsible for the
markedly enhanced reactivity of the latter toward
CO on going from acidic to amine-buffered media.
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REACTIVITY OF CYCLIC PEPTIDES. 1.
TRANSANNULAR HISTIDINE-O-ACETYLTYROSINE
INTERACTION

Sir:

We have prepared cyclo-glycyl-L-histidylglycyl-
L-tyrosylglycylglycyl as part of a program on side-
chain reactivity in cyclic peptides. Reaction of
this imidazole-containing peptide with one equiva-
lent of p-nitro- or 2,4-dinitrophenyl acetate results
in acylation of the phenolic oxygen and, as a con-
sequence of imidazole-acetoxyphenyl codrdination,
virtually complete inhibition of further esterolytic
activity. The interaction implied by this observa-
tion, requiring, as it does, 16-membered ring forma-
tion, would be unexpected in the absence of some
secondary structure in the peptide molecule. Its
occurrence in the present case suggests that cyclic
peptides may be valuable models for study of pro-
tein side-chain interactions.

Cyclization, without especial dilution, of <r-
tyrosyltriglycyl-im-benzyl-L-histidylglycine, using
ethyl-y-dimethylaminopropylcarbodiimide in di-
methylformamide, yielded 587 of the imidazole-
blocked cyclic peptide, purified by partition
chromatography using 2-butanol/water (4:1) on
cellulose powder. Debenzylation was effected
by brief treatment with sodium in liquid ammonia,
and the final product was isolated as in the pre-
ceding step (379;). This material was chroma-
tographically homogeneous in seven different sol-
vent systems, ninhydrin inactive, and yielded only
histidine, tyrosine and glycine on hydrolysis.
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Anal. Caled. for CeHpNzOs: C, 52.26; H, 5.34;
N, 21.20; mol. wt. (in trifluoroacetic acid), 264.2.
Found: C,52.36; H, 5.73; N, 20.40; mol. wt., 254.
In 0.1 potassium chloride the peptide exhibited
pKa's 6.65 = 0.1 and 10.05 = 0.1, within experi-
mental error identical with those obtained for
carbobenzoxyglycyl-L-histidylglycine ethyl ester
and carbobenzoxy-L-tyrosyldiglycine hydrazide,
respectively. There is thus no strong hydrogen-
bonded interaction between histidine and tyrosine
side chains of the cyclic peptide.!

First order rate plots of phenol liberation during
reaction of cyclic peptide with nitro- and dinitro-
phenyl acetates are curved and asymptotic to a
slope only slightly greater than the blank hydroly-
sis rate, indicating that the peptide is not acting
catalytically. Where the contribution of the first
order blank rate is negligible (up to 409, conversion
of peptide at 10— A/ peptide and 3 X 10—% M
nitrophenyl acetate) reaction can be analyzed as
second order, first order in peptide and ester. The
rate constants so determined are identical with those
from the initial slopes of the first order plots.
Stoichiometric conversion of peptide to inactive
acyl derivative is therefore indicated. The rate
constants themselves (based on free imidazole)
are, for p-nitrophenyl acetate, 6.0 M —! min.~! and,
for 2,4-dinitrophenyl acetate, 75 M ! min.~! at
25°. These values correspond well to those for
reaction of imidazoles with these esters? and suggest
initial reaction at the imidazole site. The estero-
Iytic activity of the acetylated peptide is <0.1
that of starting material.

Acetylated peptide may be recovered from re-
action mixtures with phenyl acetates or it may be
prepared directly using acetic anhydride. As the
hydrochloride this substance exhibits the infrared
absorption at 1740 cm.—! (KBr pellet) expected
of a phenyl ester; this absorption is absent in the
spectrum of the neutral species. The ultraviolet
absorption maximum measured at pH 6.7 is shifted
to 267 mu (e = 430) from 275 mu (e = 1330),
a change comparable to that observed in going
from phenol (Amax 270 my, e 1400) to phenyl ace-
tate (Amax 257 myu, € 190). In addition, the pKa
of the imidazole residue is lowered to 6.3 = 0.1,
suggesting imidazole-acetoxyphenyl codrdination.
Hydrolytic loss of the acetyl group is undetectable
below pH 8.5.

Examination of molecular models of the cyclic
peptides does not reveal any compelling require-
ment that the histidyl and tyrosyl side-chains be
in close proximity, although a tetrahedral structure
of the type is constructed readily. Bruice and
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—— 1
- N—C—0- V)
=] -
H

N

Sturtevant have reported kinetic evidence for
this bonding in phenyl =v-4-imidazolyl)-butyric
esters; the resuiting ring 1is, of course, six-
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membered.®? In the present case the quantitative
acyl transfer to tyrosine rather than to water,
plus the heightened imidazole acidity and inhibited
esterolytic activity of the acetyl derivative argue for
a related interaction. For this to occur there must
exist considerable rigidity of the cyclic peptide
backbone* and perhaps a contribution from the
structure of the solvent water to the orientation of
the side chains.® A comparison of the properties
of the "“1,4" isomer of the present peptide and a
study of the effects of variation in solvent are
expected to shed more light on the matter.

This work has been supported by National
Science Foundation Grants G-53717 and G-14324.
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(+ )trans-2,3-DIHYDRO-3-
HYDROXYANTHRANILIC ACID. A NEW AMINO
ACID PRODUCED BY Streptomyces aureofaciens!

Siir:

We wish to report the isolation of a new amnino
acid from the fermented mash of Streptomyces
aureofaciens mutant, S-652. The substance has
been characterized tentatively as (- )trans-2,3-
dihydro-3-hydroxyanthranilic acid (DHAA) by
its elemental analysis, uitraviolet and infrared
absorption spectra, and by chemical transforma-
tions.

CO,H
Nl
/\
X
OH
DHAA

DHAA originally was observed in fermentation
mashes of S. aureofaciens mutants which were low
producers of the tetracyclines. DHAA was also
sometimes observed in mashes of high-producing
strains grown under certain conditions of media
and/or temperature which resulted in suppressed
production of tetracyclines. Because of this rough
reciprocal relationship we became interested in the
isolation and identification of DHAA and in its
possible role in the biosynthesis of the tetracyclines.

The best producer of DHAA was strain 5652, a
pale-tan mutant derived from S. aureofaciens
NRRL 2209. When this strain was grown in
shaker flask fermentations under conditions previ-
ously described,? DHAA was produced in quanti-
ties as highas 10 g./L.

DHAA was isolated from the neutral filtrate of a
pilot tank fermentation run with strain S652 iu
a corn steep-starch-lard oil medium. Initial
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