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V, X = Br 
VI, X = CH3 

surprisingly, cleaved less rapidly than V or VI. In 
DMF, using 10 equiv of the sodium salt of methyl 
mercaptan, cleavage of VII and VIII is about 90% 

CH2SR 

VII, R = 1-hexyl 
VIII, R = benzyl 

complete after 5 hr at 25°. When, however, HMPA 
is employed as the reaction medium, deblocking is 
complete in less than 2 hr at 25° and n-bexyl mercap
tan and benzyl mercaptan are isolated in 68 and 74% 
yields. 

A dioxane solution containing 10 equiv of trifluoro-
acetic acid is without effect on ether IV, even after 1 
hr at 25°; but after 10 min at 0° the ether is completely 
cleaved by trifluoroacetic acid in methylene chloride. 
On the other hand, thioether VI is recovered quantita
tively after being treated with trifluoroacetic acid in 
methylene chloride for 10 min at O0.6 

The possibility of utilizing the 9-anthrylmethyl system 
for protecting amines and alcohols is being studied. 
Also under investigation are a number of interesting 
questions relating to other nucleophiles and to the mat
ter of mechanism. 
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(6) Both IV and VI are unaffected by ethylamine in DMF, even after 
24 hr at room temperature. The thioether (VI) was also recovered 
quantitatively after being treated with lithium hydroxide in aqueous 
dioxane for 8 hr at 25 °. 
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X-Ray Photoelectron Spectroscopic Studies of 
Silver(III) Octaethylporphyrin 

Sir: 

The redox properties of metalloporphyrins1-3 are of 
recent interest because of their potential relevance as 
models in biological redox systems. Two points are of 
special interest. One is the question of whether or not 
an electron can be removed (or added) directly to the 
central metal ion or whether the electronic levels of the 
porphyrin ring are involved. The second is to what 
extent changing oxidation states of the metal ions 
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affects the porphyrin ring charge and therefore its 
reactivity. The latter question has been considered 
theoretically.4 The technique of X-ray photoelectron 
spectroscopy (XPS or ESCA) has been suggested to be 
an appropriate tool for probing the charge distribution 
of these systems6 since in the absence of complicating 
factors like atomic relaxation and gross structural 
differences, chemical shifts of core electron binding 
energies directly reflect the nuclear charge felt by these 
electrons. In this study we wish to present the ESCA 
spectra of several silver porphyrins. These results 
establish unequivocal evidence for the existence of a 
stable Ag(III) complex and illustrate the power of 
using the binding energies of the metal, N Is, and C Is 
electrons in understanding the electron distribution in 
these systems. 

All compounds were prepared by previously reported 
synthetic methods.8 Samples were prepared for spec
tral analysis by smearing several micrograms of material 
onto a gold plate and burnishing it into a very thin 
film with a sapphire ball. Samples burnished to a 
very thin film did not show any signs of charging as 
evidenced by (a) a high reproducibility of results 
(±0.1 eV) from one sample preparation to the next 
and by (b) a lack of movement of the peaks during 
exposure to low-energy electrons flooding the sample. 
Unlike the previous ESCA study on porphyrins,5 we 
found the compounds to be very easy to handle and the 
measured binding energies to be very reproducible. 

To interpret chemical shifts of the silver porphyrins 
in terms of their charge distribution, we have studied a 
series of molecules with similar structure. A com
pilation of these results is given in Table I. The binding 

Table I. Binding Energies" (eV) of Silver Porphyrins and 
Related Compounds 

Ag 3dy2 Ag 3dy2 G 8 Ni8 

Ag(O) 374.0 367.9 
H2OEP 284.5 399.4 

397.3 
H2TPP 284.0 399.1 

397.0 
Ag11OEP 374.3 368.3 284.3 397.6 
Ag11TPP 373.7 367.6 284.3 398.3 
Ag111OEP(ClO4) 377.1 371.0 284.2 398.7 

"All spectra were recorded on a Hewlett-Packard 5950A ESCA 
spectrometer. Binding energies were all reproducible to ±0.1 eV. 

energy for the ldu/,?/, electrons of evaporated silver 
are shown as 374.0 and 367.9 eV, respectively, vs. the 
gold 4fi/2 electrons at 84.0 eV and are presented as a 
reference value. The binding energy values for the 
C Is and N Is electrons of octaethylporphyrin (OEP) 
and tetraphenylporphyrin (TPP) free bases are also 
shown in order to characterize the system in the absence 
of metal ion. The N Is spectrum exhibits a doublet 
due to the selective protonation of two of the central 
nitrogens. This result is in agreement with a previous 
study6 and settles a long standing controversy over the 
configuration of the attached protons. The C Is 
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Figure 1. Silver 3dy2 and 3d*/, spectra of (a) silver foil evaporated 
onto a gold foil at 10"6 Torr, (b) Ag11OEP, and (c) Agi»OEP-
(ClO4) mixed with a small amount of b. 

spectrum also shows a single peak presumably com
posed of both the porphyrin ring carbons and the 
substituent group carbons. The absence of any 
additional peaks due to charge differences in the 
porphyrin ring carbons is in general agreement with 
Gouterman's calculations4 indicating these differences 
to be less than 0.05 charge unit. 

Complexing a metal ion with OEP causes noticeable 
chemical shifts in the binding energy of the metal, 
carbon, and nitrogen peaks. For Ag11 OEP (Figure 1), 
the silver peaks are shifted a small amount (0.4 eV) to 
higher values indicating a slight increase in positive 
charge relative to silver metal. The spectrum for the 
(TPP) analog is similar in shape although the effect of 
the phenyl substituents is to shift the peaks to lower 
binding energy. This result is in general agreement 
with previous studies where only slight differences are 
noted between a variety of Ag(O), Ag(I), and Ag(II) 
complexes.4b'6 The nitrogen Is spectrum collapses to 
a single peak with a binding energy value directly in 
between the OEP doublet. For this molecule, the C Is 
peak shows virtually no change indicating the nitrogen 
<r orbitals are, as predicted,7 weakly coupled to the 
porphyrin ring iv system and the positive charge is pri
marily localized on the silver nitrogen. 

The silver spectra of Ag111 OEP(ClO4) containing 
some Ag11 OEP are shown in Figure 1 and the binding 
energies are given in Table I. The substantial chemical 
shift (2.7 eV vs. the Ag(II) analog and 3.1 eV vs. Ag(O)) 
clearly confirms the previously assigned oxidized form8 

to be Ag(III) formed by removing an electron from 
the Ag(II) rather than from the porphyrin ring to form 
a 7T cation radical as is believed to be the case for zinc, 
magnesium, and a number of other metalloporphy-
rins.1_3 This shift is also in reasonable agreement with 
a similar shift recently reported for a Ag(III) biguanide 
complex (4.2 eV vs. Ag(O)).9 The slightly smaller value 
observed for the porphyrin system may be attributable 
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to the strongly coordinated perchlorate3 which would 
tend to reduce the net positive charge about the Ag(III). 

It is also of interest that the nitrogens are shifted 
noticeably (~1.0 eV) to higher energies thus obtaining a 
partial positive charge. This observation is consistent 
with the fact that the greater electronegativity of the 
Ag(III) species promotes greater electron withdrawal 
from the nitrogen through the a bond which is not re
placed by the x system due to poor coupling. The 
small, reproducible shift to lower binding energy of the 
porphyrin carbon Is electrons is somewhat surprising 
since this result indicates that, in removing an electron 
from Ag(II) by oxidation the tr system slightly increases 
its electron density. This trend has been predicted4a 

for an Fe(II)/Fe(III) porphyrin system using an ex
tended Hiickel molecular orbital treatment. 

On the basis of these results, we believe we have ob
tained conclusive evidence for the presence of a stable 
Ag(III) species by preparing a series of complexes with 
similar structure and by monitoring the chemical shifts 
of the metal, nitrogens, and carbons. It is apparent 
that a similar approach on other metalloporphyrin or 
like compounds can be a valuable aid to estimating 
molecular charge densities for comparison to available 
theoretically calculated data. 
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The Decomposition of ferMJutylperoxy Isobutyrate 
and Isotopic Derivatives 

Sir: 

We have developed methods for measuring deu
terium secondary kinetic isotope effects in perester1 

and peroxide decompositions2 with the twofold pur
pose of gaining a better understanding of the origin of 
these effects3 and of extending their use as mechanistic 
probes. Previous results indicated essentially no iso
tope effect on the overall rate of decomposition of tert-
butyl peracetate.la In contrast, appreciable isotope 
effects were found for phenylacetateslb (/cH/fcD > 1.03 
per a deuterium) and tert-butyl perpivalate (kH/ko = 
1.02 per /3-deuterium). The latter results are consistent 
with expectations of the transition state for concerted 
decomposition of the perester in which the starting 
material and the alkyl-rerf-butoxy radical pair are 
separated by a single free energy maximum (Scheme I 
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