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In this context, it seems appropriate to quote R. N. Grimes (Science, 104,
709 (1976)) on the 1976 Nobel Award to W. N, Lipscomb, ““With carbon
frequently assuming a coordination number of five or six, the carboranes
constitute an extension of carbon chemistry which has profound (but not
yet fully recognized) implications for the future directions of organic syn-
thesis. Thus, the pyramidal molecules, C4B;Hg and C3B3H> are in fact new
kinds of organic heterocycles, albeit ones that have not yet penetrated the
sanctums of standard organic textbooks. Sooner or later, it seems clear
that organic chemists will have to come to grips with the revolution in our
concept of the covalent bond that has been brought about through the
medium of boron chemistry, so strongly influenced and guided by Lip-
scomb.”
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A Four-Center, Concerted, Bimolecular Reaction:
[C1*(A311;) + H; — HC! + HI

Sir:
The rate of the laser-induced chemical reaction
1C1*(A311,) + H, — HCI + HI (N

has been measured as a function of IC1* vibrational energy.
There is no dark reaction, but the reaction is promoted by water
vapor, stopcock grease, metal surfaces, and stray light.! The
kinetics appears similar to I5* + H,2-* and other reactions
have been reported which involve electronic excitation of I,.5
The problem of four-center reactions has received considerable
attention.b

1Cl is prepared under vacuum from I, and Cl,78 and is never
exposed to air. Mixtures of IC] (~5 or 9 Torr) and H (10-600
Torr) are photolyzed for about 90 min in a 1-m-long, 5-cm-
diameter quartz cell by a Chromatix CMX-4 flashlamp-
pumped dye laser (Av = 0.3 cm~') run at 30 pps. A calibrated
thermopile monitors the laser power, which is 1,5 to 6 mJ per
pulse in a 1-cm? beam. Approximately 60% absorption of the
laser light is measured at I35C1 v = 0 bandheads.

After photolysis all of the HCI, together with some residual
Cl,,7 is distilled into a bulb with I, crystals. The Cl, reacts
completely with the I, and the HCI is then redistilled. Its
pressure is measured with a capacitance manometer, and mass
spectra confirm that the product is HCI1. HI and ICl react to
form HCl and I,; thus two molecules of HCl are formed in each
reaction.

ICl* is removed by reaction 1 and by quenching:
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Figure 1, Solid points are data without Ar, Picy = 8.9 Torr; the solid line
is a fit to these points. The dashed line is the predicred yield with Pa,/ Py,
= 4.75; open circles are corresponding data. Here, Picy = 4.9 Torr except
for lowest P,/ Picy point, where Pycy = 8.9 Torr (A 616.8 nm, exciting
1200 em™! below dissociation).
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Figure 2. Quantum yield vs. excitation energy. Pic) = 8.9 Torr. The solid
line is a fit to the data; the dashed line is a rough estimate of the effect of
collisional dissociation. The point at 18 800 cm™! was taken using a dou-
bled YAG laser with 60-mJ, 20-ns pulses.

ICI* + IC1 — ICl + IC] (2)
ICl1* + H, — ICl + H» (3)

Fluorescence is much too slow to complete with reactions 1-3.
The quantum yield for reaction is

_ (HCl produced)/2 _
photons absorbed

ki[H,]
k2[IC1] + (ky + k3)[H2]

4

A Stern-Volmer plot of ICI* fluorescence lifetime vs. Hz
pressure gives (k) + k3) = 1.5 X 10~"' cm® molecule™! s™';
similarly, Steinfeld® has measured k; = 2.3 X 10~'0 cm?
molecule™! s~!; both are nearly independent of wavelength.
k, is determined from the quantum yield, Figure 1. The solid
curve is a least-square fit to the data using eq 4. Note that a
two-parameter curve is fit with a single free parameter. The
result, k; = (9.0 £ 0.8) X 10~ ¢cm? molecule™! s~} (90%
confidence limits), corresponds to 9000 gas kinetic collisions.
Assuming that the preexponential factor does not exceed the
gas kinetic collision frequency, the activation energy is less than
5.5 kcal/mol. The reaction rate is quite large; the quantum
yield is low because the quenching rate is even larger.

A single vibrational level of IC1* is excited initially, but vi-
brationally inelastic collisions spread the population distri-
bution so that reaction may occur from other levels. The extent
of this spread, which is limited by quenching, can be estimated
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by comparison with the analogous H,-Io*(B3Ilg, v = 15)
system, !0 Here, V-T events occur with a cross section of ~
gas kinetic. This is expected to be an upper limit to the V-T
rate in IC1*-H,, since the energy level spacing in ICI* is
greater than that in Iy*. The result is that ~75% of the 1Cl*
which reacts does so from within three vibrational levels of the
originally excited level. Figure 2 shows the quantum yield
(proportional to k) as a function of the excitation energy.
About 600 cm~! (3 kT) of vibrational energy increases the rate
constant by a factor of e.1!

Halogen atoms, formed from sufficiently energetic collisions
of 1CI*, could conceivably be contributing to the measured
quantum yields. The dissociation probability, however, should
decrease by ~1/e for each 200 cm™! (kT) of vibrational en-
ergy,!2 dashed line in Figure 2. (Experiments'3:'4 on I,(B3IIg)
which seem to show higher dissociation quantum yields have
not allowed for hot band absorption.) I atoms formed simply
recombine, and Cl atoms are mostly scavenged by the fast
reaction Cl + ICl — Cl; + I;!5 when ICl is excited 1400 cm™!
above dissociation there is a low quantum yield of HCI (Figure
2), implying that, for excitation well below dissociation, radical
reactions are not important. Finally, a quenching gas may be
added to the system. Experiments with added argonat A 616.8
nm (¢’ = 15) give quantum yields in very good agreement with
those predicted from the measured quenching rate constant
for ICI* by Ar (4.9 £ 0.5) X 10712¢m3 molecule™! s~ (dashed
line in Figure 1). These results prove conclusively that radicals
are not important, since Ar should not inhibit their reactions,
and that ICI*(A3I1,) is the reactive species.

The reactivity of ICl* may be related to the fact that the
dipole moment changes sign upon excitation!6 to [=Cl*. The
positive Cl atom, with its partially filled valence shell, might
be expected to be very reactive.
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Imidazolate Complexes of Ferric Porphyrins
Sir:

The importance of imidazole as an axial ligand in hem-
oproteins is evident from the fact that histidine residues provide
one or both axial ligands to iron in the majority of those pro-
teins for which pertinent information is available.! Model
studies of iron porphyrins have often been carried out using
N-alkylimidazoles rather than imidazole itself, however, for
a variety of reasons such as stability? or crystallizability? of the
desired products. Recent studies of the binding of imidazole
and N-alkylimidazoles to ferric porphyrins have established
that their binding constants can differ by as much as 103.4
These studies have also implicated hydrogen bonding of bound
imidazole as a factor stabilizing ferric porphyrin-imidazole
complexes.*5 Examination of published x-ray crystal structures
of several heme proteins such as myoglobin,® cytochrome ¢,’
and cytochrome bs?® reveals that histidylimidazoles bound to
heme iron are hydrogen bonded to other residues on the poly-
peptide chain. Hydrogen bonding or actual deprotonation of

6~ o+
[-N—H--—X
Fe

imidazole ligands provides a means whereby the tertiary
structure of the protein could moderate the reactivity or redox
potential of the iron center.® For this reason, we have under-
taken an investigation of imidazolate (Im~) complexes of ferric
porphyrins, since deprotonation is the limiting case of strong
hydrogen bonding of imidazole (ImH).

H
PANYd ~H* AN
N N7 A NN
\—/ \—/

ImH Im~

The bisimidazole complex [Fe(TPP)(ImH),]* (TPP, te-
traphenylporphine) (1) is prepared by reaction of Fe(TPP)Cl!
with a large excess of ImH in several different solvents.* Ti-
tration of solutions of 1 in benzene, toluene, dichloromethane,
and dimethy! sulfoxide with several different bases!® (hy-
droxide, tert-butoxide, and imidazolate) results in virtually
identical visible spectral changes. A titration with OH™ in
CH,Cl; is shown in Figure 1. Stepwise addition of 1 equiv of
OH™ occurs with an isosbestic point at 585 nm. Further ad-
dition of hydroxide produces yet another species. The same
spectral shifts and isosbestic point are observed for all three
bases in CH,Cl,. We believe that we are observing the stepwise
deprotonation of 1 as indicated in reaction 1.

1255 Fe(TPP)(ImH)(Im) > [Fe(TPP)(Im),]~ (1)
2 3

The bisimidazolate complex 3 can also be prepared by direct
reaction of Fe(TPP)CI with excess Im~ in CH,Cl; (eq 2).

Fe(TPP)Cl —> 4 —> [Fe(TPP)(Im)2]~ (2
3

An intermediate 4 is observed in this reaction at low levels of
Im™. The blue shift of the Soret band of 4 relative to that of
Fe(TPP)Cl, 1, 2, and 3 and the positions of the «,8 bands imply
that 4 is a high spin complex (see Table ). When reaction 2
is followed by EPR at 77 K, the typical high spin spectrum of
Fe(TPP)Cl (g = ~6, ~2) disappears and no signal is observed
for 4.1 Subsequent additions of Im~ produce the low spin EPR
spectrum of 3 (g = 2.73,2.28, 1.76). We believe that 4 may be
a high spin imidazolate bridged dimer such as [(TPP)Fe-
Im-Fe(TPP)]*.
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