to the CEPI solutions to obtain solutions with the same
ionic strength as those used for the measurement of k4. The
further addition of 0.1 M HTFMS had no measurable ef-
fect. It was not possible to directly measure Z values for
solvent mixtures containing more than 50% v/v water. For
such mixtures, Z was estimated from extrapolation of a plot
of Z vs. mole fraction of the organic component.

Factors affecting the rate constants for redox reactions of
reduced thionine are of particular interest because of the
possibility of using thionine in the construction of a photo-
galvanic cell.'9-22 Further work will be necessary to deter-
mine whether the rate constants for other reactions in the
iron-thionine system (e.g., the oxidation of TH,.* and
TH;* by Fe3*) are also dependent on solvent Z values.
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Interpretation of Electron Spin Resonance
Copper(II) Isotropic Hyperfine Splittings
Sir:

In a recent communication Zink and Drago' proposed
that the predominant mechanism affecting the ESR nuclear
isotropic hyperfine splitting in Cu?* systems is a change in
the energy separation between the ligand and the copper
atomic orbitals. They offered this mechanism as an alterna-
tive to my earlier one? which consisted of a covalent and 4s
dependence for the isotropic 4 values.

To review the problem briefly, the experimental isotropic
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Table 1. Theoretical Molecular Orbital Data for
Cu(O-CR,-CH-CR,-0),

Energyd of

R, R, R& RgZ dy_2MO o of

F F F F -75.5881 0.9408 0.0704
H F F F -75.3716 0.9293 0.0685
H F Hb Fb -75.1629 0.9186 0.0673
H F He Fe -75.1622 0.9185 0.0666
H H F F -75.0699 0.9124 0.0676
H H H F -74.8640 0.9026 0.0662
H H H H + -74.5814 0.8880 0.0655

@R, and R, of the second ligand. & The fluorines are trans to each
other. ¢The fluorines are cis to each other. 9In units of 1000 cm=*,

€The coefficient of the dy? _ > atomic orbital in the singly occu-
pied molecular orbital. fThe coefficient of the 4s atomic orbital in
the molecular orbital which is predominantly d,? in character.

ESR A values?® predict a covalency dependence which is the
direct opposite of the dependence obtained from the aniso-
tropic ESR A values.? Since the trend predicted from the
anisotropic ESR A values was consistent with other experi-
mental data concerning covalency,’ the anisotropic ESR re-
sults were accepted by me as correct, and the isotropic ESR
theory was assumed to be incorrect.

Zink and Drago' make the opposite assumption. They as-
sume that the trend predicted by the isotropic ESR A4
values is correct, and, therefore, the anisotropic theory must
be incorrect (although they do not make the second part of
this statement it is implicit from their paper).

The basis of their mechanism is that electron withdraw-
ing groups should decrease the energy difference between
the metal ds2-),2 atomic orbital and the ligand ¢ orbital.
The decrease would then result in a greater covalency for
this particular molecular orbital. Since the overall accepted
effect of electron withdrawing groups is to decrease the cov-
alency, they postulate that the above increase is more than
offset by changes in the other occupied molecular orbitals.

The basic question is the following. What is the effect of
electron withdrawing groups on the singly (electron) occu-
pied molecular orbital? To determine this behavior I have
extended the molecular orbital calculations of Cotton, Har-
ris, and Wise* for Cu(O-CR|-CH-CR,-0), to cases
where R| and/or R; are fluorines. The pertinent results are
given in Table 1. They are completely consistent with my
earlier conclusions and, also, in agreement with the trend in
substituent effects on energy levels as determined from ion-
ization potential data.>¢

One does not have to rely on theoretical calculations to
test these two alternate models. Ligand hyperfine splitting
data can be used to give a more direct indication of un-
paired electron delocalization. The limited data of this type
that were available to Zink and Drago were considered by
them to be inconclusive on this point due to the possibility
of hybridization changes. Fortunately, a very complete sin-
gle-crystal ESR study of the influences of different host lat-
tices upon the ESR parameters of a Cu(Il) complex has
been published.” The anisotropic metal hyperfine splittings
and the ligand nitrogen splittings gave a covalency trend
which is in the opposite direction of the trend given by the
isotropic metal hyperfine values. In addition the isotropic
term did correlate with the amount of orthorhombic dis-
tortion (expected if 4s mixing is the predominant reason for
changes in the isotropic hyperfine term).

If the above arguments concerning the incorrectness of
Zink and Drago’s model are accepted, one is still left with
the question of what assumption or part of their model is
not applicable. This question appears to be answered by the
X-ray structure analysis of copper bisacetylacetonate-
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quinoline adduct.® Zink and Drago’s model was originally
proposed to explain base adduct behavior, but in their
model they did not consider the possibility that the Cu(II)
would be moved out of the equatorial plane by the base ad-
duct (0.21 A in the quinoline case). Thus, the effect of the
more favorable relative energy positions of the metal and
ligand atomic orbitals is opposed by the longer Cu-ligand
distance and the less favorable overlaps of the orbitals. This
point is discussed in more detail by Wayland and Garito.’

In conclusion the expectation that the 1/r3 dipolar aniso-
tropic term gives a more straightforward indication of the
covalency than the isotropic (Fermi contact) term is upheld.
As reviewed elsewhere!© there are still deficiencies in the
theory of obtaining bonding parameters of transition metal
complexes from ESR data, but Zink and Drago’s mecha-
nism does not appear to be the answer.
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Active Site Directed Inhibition of Enzymes
Utilizing Deaminatively Produced Carbonium Ions.
Application to Chymotrypsin

Sir:
Carbonium ions generated from diazonium ions in the

deamination of aliphatic amines are exceptionally reactive
species.

RNH2 I RN2+ — R* + N2 (1)

For example, they are capable of alkylating alcoholic and
aromatic compounds and of abstracting halide ions from
solvents such as chloroform.! Carbonium ions of this type if
released at the active site of an enzyme should alkylate
amide and other functional groups at the site, thus “label-
ing” them. We now report an application of this type of la-
beling to a-chymotrypsin.

Chymotrypsin catalyzes the hydrolysis of derivatives of
carboxylic acid (proteins, amides, esters, etc.).? It is gener-
ally agreed that serine-195 of chymotrypsin attacks the car-
bonyl group of the substrate, displacing a leaving group X
and generating a modified enzyme in which the serine hy-
droxyl group has been acylated.

O
I Hy0
RCX + HOEnz — HX + RCOEnz —
RCO,H + HOEnz (2)

Hydrolysis of the acyl group then regenerates the enzyme
(eq2).?

Table I. Effect of Inhibitors and Related Compounds on
Chymotrypsin Activity

% enzymatic

Inhibitor addeda activity®

None (control)¢ 100
Nitrosolactam III 6
Nitrosolactam III + hydrocinnamic acidd 12
Decomposition products of nitrosolactam III€ 95
CH,0

CH,0

CH.O

CH, O -

NaNO, 100

2The compounds tested were added in 110-fold molar excess
(final inhibitor concn = 2.5 X 107% M and chymotrypsin concn = 2.3
X 1075 M). The enzyme—inhibitor solutions contained 9% acetoni-
trile in 0.08 M Tris buffer, 0.1 M in CaCl, at pH 7.8; they were in-
cubated for 2 hr at 0°. See text for alternative conditions. & Deter-
mined by a rate assay using the NV-benzoyl-L-tyrosine ethyl ester
(BTEE) method.!!8 Enzyme concentrations in some of the runs
were measured by titration with cinnamoylimidazole.!'P ¢ Aceto-
nitrile (9%) added. 4 [Hydrocinnamic acid] = 1.2 X 1072 M in the
enzyme + [II solution. € A completely decomposed solution (24 hr
at 25°) of nitrosolactam (III) in the Tris buffer, pH 7.8. The chy-
motrypsin sample exposed to these products showed no incorpora-
tion of **C.

Utilizing the concepts outlined above, we have synthe-
sized and tested as an irreversible inhibitor of chymotrypsin
the N-nitroso-N-benzylamide of N’-isobutyrylphenylalan-
ine (I).* As a derivative of the aromatic amino acid pheny!-
alanine, this compound should be readily attacked by chy-
motrypsin, especially since a “good” leaving group (II) is
formed.’

H C“) N=0
C¢H;CH,—C—C—N—CH,C;H; —>
| EnzOH
HNCOCH(CHj;),
I (3)
N—O-

B

|

C.H;CH,CCOEnz + NCH,C(H; <— NCH,CH;
NHCOCH(CH,), I

HOEnz = enzyme

The leaving group in this case is designed to yield carboni-
um ions (eq 4).5 It is believed that the steps illustrated are

NOH
Hyo |
I —> NCH,CH, —> C;H;CH,N," —> C,H;CH," (4)

fast processes,” and therefore the carbonium ion should be
formed at or near the active site of the attacking enzyme
molecule—in a position to alkylate basic functional groups
(HB) on the enzyme.
HyO Hb=Enz
C.H,CH,0H «—— C H;CH," —
C6H5CH2B—Enz (5)

Compound 1 is, in fact, attacked by a-chymotrypsin. The
rate of decomposition of a 5.7 X 107* M solution of I is ac-
celerated (ca. six times) by 6.7 X 1077 M enzyme in Tris
buffer,® and, in addition, the enzyme becomes irreversibly
inhibited to the extent of ~20%. The products of the reac-
tion are benzyl alcohol and N-isobutyrylphenylalanine.
Neither these products nor the N-benzylamide of isobutyr-
ylphenylalanine irreversibly inhibit the enzyme; the amide,
further, is only slowly hydrolyzed by the enzyme.>
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