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Figure 2, Chromatography of synthetic acyl carrier protein residues
65-74 on diethylaminoethylcellulose DE 52. For conditions see text.

amide in place of dimethylformamide as a general solvent
since traces of acetic acid are much less serious in this re-
spect. (4) Incorporation of the labile peptide-polymer link-
age with the first amino acid attached and under the same
reaction conditions as subsequent couplings is advantageous
and offers considerable flexibility. This feature can also be
applied to polystyrene-based systems. (5) The excellent
swellability of the resin in both water and polar organic sol-
vents has suggested application to polynucleotide synthesis
and to protein sequencing studies. Encouraging results have
been obtained in both these areas.
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Catalysis of Amide Proton Exchange by Lanthanum Ions
Sir:

This communication reports studies stemming from our
observation that a cation, tripositive lanthanum, increases
base catalyzed amide proton exchange in a dipeptide. The
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Figure 1, Exchange rate vs. apparent pH for asp-phe-OMe with and
without La(III): solid circles, 0.1 M peptide, 0.5 M La(I11); unfilled
triangles; 0.1 M peptide. Linear regression lines are drawn through
each set of points. Error bars based on an integral ratio accuracy of
+10% are given for some representative points.

method of study is via transfer of saturation NMR spectros-
copy. The experiments were performed in a solvent of 80%
H>0 and 20% DO, the deuterium being required for field
locking. The dipeptide is a biologically active one, L-as-
partyl-L-phenylalanine methyl ester, which has the property
of tasting 200 times sweeter than sucrose.! We have been
studying the conformation of the compound and analogs
using the lanthanide ion probe technique,? and this observa-
tion of cation induced base catalysis, not previously re-
ported for peptides, came about during that work.

Considerable work has gone into measurement of amide
proton exchange as has been reviewed by Englander,® The
rationale behind this approach is that amide proton ex-
change may be a sensitive indicator of polypeptide and pro-
tein conformation.

The transfer of saturation method* allows one to study
amide proton exchange in cases where the characteristic
lifetime, f¢x, for the exchange process is in the region from
about 50 msec to 5 sec in systems where the observed amide
proton spin lattice relaxation time, T, is of the order of 1
sec. Our method of performing the experiments allows us to
conveniently study the phenomenon using a commercial
Fourier transform NMR spectrometer without recourse to
correlation spectroscopy.® In a paper to follow we will re-
port additional measurements and comparison work with
other ions and peptides.

L-Aspartyl-L-phenylalanine methyl ester was obtained
through a gift from the Searle Chemical Corp. as a salt-free
purified powder. It was checked for purity by thin layer
chromatography in two solvent systems (butanol:acetic
acid:water, 7:1:2 and 4:1:5). NMR samples were made up
for standard 5-mm tubes by dissolving the solid peptide in
solutions of stoichiometric ratios of H,0:D,0 (99.8% isoto-
pic purity) and adjusted to apparent pH’s (pH, read on a
calibrated Radiometer Model 26 pH meter equipped with
an Ingold “spaghetti” 3 mm combination electrode) with
small amounts of HCL:DCl and NaOH:NaOD of the same
proton to deuteron ratios. The pH's were measured before
and after each NMR experiment. No attempt was made to
outgas samples. LaCl; was used as the anhydrous salt la-
beled 99.99% obtained from Research Organic/Inorganic
Chemical Corp., Sun Valley, Calif.

NMR experiments were performed on a JEOL-PFT-100
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Table I, Amide Proton Spin-Lattice Relaxation Times Proton
Counts, T, ; and 1/tey as a function of observed pH in 80%
H,0:20% D,0 Solutions?

T, obsd Y7 4 1/tex
pH, (sec V) Pobsd (sec™) (sec™!)
Asp-Phe-OMe ~ 0.1 M
0.54 1.51 £ 0.02 0.94 142 0.091
0.70 1.42 + 0.05 0.92 1.29 0.11
1.095 1.53 £+ 0.07 0.94 1.44 0.092
1.57 1.56 £ 0.02 0.84 1.31 0.25
1.79 1.49 = 0.04 0.81 1.20 0.28
2.30 1.56 £ 0.05 0.86 1.33 0.22
3.00 1.75 + 0.05 0.57 0.99 0.75
3.13 1.88 + 0.05 0.50 0.95 0.94
3.32 1.88 + 0.14 0.56 1.05 0.83
Asp-Phe-OMe =~ 0.1 M

La(IlD = 0.5 M
0.50 1,42 + 0.05 0.96 1.36 0.057
0.75 1.51 £ 0.02 0.99 1.49 0.015
1.01 1.53 £ 0.04 1.00 1.53 0.000
1.20 1.78 £ 0.03 0.97 1.72 0.054
1.60 1.69 + 0.03 0.89 1.51 0.19
1.92 1.88 £ 0.06 0.84 1.58 0.30
2.29 2.72 + 0.05 0.77 1.75 0.52
2.66 3.03 +£0.07 0.81 2.43 0.58
2.67 2.63 +0.09 0.80 2.12 0.53
2.90 4.46 £ 0.14 0.78 3.57 1.00
3.50 4.00 + 0.14 0.70 2.77 1.20
3.40 6.54 + 0.15 0.51 3.45 3.27

aConcentration of asp-phe-OMe:25 + 5 mg/ml, 30°C. The
standard error in the regression coefficient 1/7, is shown and we
estimate the error in the integral ratio P to be £+ 10%.

spectrometer at 100 MHz. The basic commercial instru-
ment had previously been modified by us to incorporate a
solvent “suppression-by-saturation” feature of our own de-
sign.® This allows the use of either normal FT or automatic
T (180-t-90° sequences) features of the instrument in up
to 90% H,O solvent systems. Our T determinations were
performed using at least ten points per T determination
followed by a regression analysis of the data taken from
spectra. Determination of the proton count for the amide
proton was performed by comparing the integral under the
amide peaks to that of the 5 proton peak in the phenylala-
nine aromatic band. This, of course, requires that there is
not differential Overhauser enhancement of the two signals
due to direct interaction with the solvent. We checked for
this by determining the ratios of the integrals at pH, 1.32 +
0.02 (at which acidity exchange effects are negligible) in
samples containing 80, 70, 60, and 50% H,O, respectively.
A linear relationship was found which extrapolated to 0.23
at 100% H,O. This indicates that either there are no Ov-
erhauser effects or that they are the same for amide and
phenylalanine protons. In either case our method of deter-
mining the amide proton count is valid in this peptide.
Figure 1 shows the results of plotting the reciprocals of
exchange lifetimes vs. pH for ~0.1 M peptide and =~0.1 M
peptide in 0.5 M La(lIl) solutions. The equations T ; =
T1o0sd/P and tex = T obsd/(1 = P) were used to analyze
the data. 7, is the intrinsic 7| for the amide proton cor-
rected for exchange and P is the ratio of the number of
amide protons observed to the number that should be
present in 80% H,O based upon the five aromatic protons.
The values of the data and derived parameters are given in
Table I. The results can be interpreted quantitatively with
good agreement using the data obtained by Molday et al.’
from their studies of model compounds. On the basis of this
the lack of acid catalyzed exchange is accounted for by the
presence of the positively charged amino group. For asp-
phe-OMe alone the slope of 1/t.x vs. pH is 0.37 = 0.04
based on a linear regression analysis while in the presence

of La(llIl) the value becomes 0.74 + 0,09, A completely
base catalyzed exchange process would have a slope of
1.00.2 However, the pK of the aspartyl carboxyl group in
this peptide is 3.1 and therefore in the pH region in which
we are observing the slopes may be smaller due to a compe-
tition of rate processes’ and the expected onset of acid cata-
lyzed exchange below pH 1. Our present hypothesis is that
the La(III) binding to the aspartyl y-carboxyl results in a
net electron withdrawing effect on the amide nitrogen. This
inductive effect is known to promote base catalysis.> The
competitive displacement of the carboxyl proton of aspartic
by the La(III) ion results in a slope of 1/z¢x vs. pH closer to
1 and in a further reduction of expected acid catalyzed ex-
change at low pH. It is possible that the effect of lanthanum
ions in promoting amide exchange may prove useful as a
tool in conformational investigations of peptides and pro-
teins.
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A Photochemical Method for the Introduction of
Strained Multiple Bonds: Benzyne C==C Stretch
Sir:

We wish to describe a photochemical method for the in-
troduction of multiple bonds which is suitable for use in the
synthesis of highly reactive molecules. The method is based
on the 3-diazobutyrolactone part structure and is designed
to build in strain energy in a series of steps such that intro-
duction of the double bond occurs in a process involving
strain relief in a high energy intermediate. Thermodynamic
driving force is provided by the elimination of a small, sta-
ble molecule (nitrogen or carbon monoxide) at each step.
The method is illustrated by facile synthesis of benzyne
which permits observation of a carbon-carbon triple bond
stretching frequency,

Irradiation of 3-diazobenzofuranone (1)! at low tempera-
tures? gives two primary products, 2 (2150 cm~!, Figure 1;
AmaxMeTHF 255 286, 293 nm, Figure 2)2 and 3 (2040
cm™!, Figure'l; Anax2?MeTHF 462 nm, Figure 2).23 The pri-
mary photoproducts readily interconvert photochemically
with long wavelength (>350 nm) light favoring the ketene
(2) and short wavelength light (254 nm) favoring 3, Contin-
ued irradiation with short wavelength light decarbonylates
the ketene, presumably giving the carbene (4). The carbene
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