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plings. Thus, the Jcc/J un ratio should be in the range of
+(0.4)2 to +(0.7)2, or +0.16 to +0.49 (because J cc/J Hn
= JCC/JCH X JCH/JHH)- Indeed, the JCC/JHH ratio (for
Jy4 of Yand J yy of acetylene®) is +1.84/49.53 = +0.2.

Thus, in the acetylenic compound 1, the Jcc values do
compare with geometrically equivalent Jey and Jpnp
values in the manner that J cy values compare with geome-
trically equivalent Jyy values. Evidence therefore con-
tinues to accumulate that carbon-13 behaves as proton in
nmr couplings and that couplings involving carbon-13 have
similar mechanisms to those involving proton.

Work is continuing to determine Jcc/J ¢y, including
signs, for multiply labeled olefinic and aliphatic com-
pounds.
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Comment Regarding the Rate Constant for the
Reaction between 1,3-Diphenylisobenzofuran
and Singlet Oxygen

Sir:

Recently Matheson, et a/., stated ! that the rate constant
for reaction between 1,3-diphenylisobenzofuran (DPBF)
and singlet oxygen ('A) reported by ourselves,?3 and oth-

ers,* is an order of magnitude too high and primarily re-
flects physical quenching of 'A by DPBF rather than reac-
tive quenching. This assertion is supported neither by our
own laser photolysis data nor by data from several other
laboratories.

While DPBF no doubt physically quenches 'A to some
extent, an analysis of photooxidation efficiencies leads us to
rule out this process as a major decay pathway. Under the
conditions of our experiments? the possible routes for 'A
decay are

1/
1A =5 3% (solvent quenching) (1)

R
fA + A — 3% + A (physical quenching (2)

by acceptor A)
R
A + A —> AO, (reactive quenching) (3)

where A is DPBF in the present case. Since [A] does not
change too drastically following a laser pulse, it is possible
to derive the following expression to explain the observed
bleaching of DPBF

[AOZ]hw - [AOZ], =
blAlal
/7 + (B, + kJ[A]
where [AQ;];=« is the concentration of products after com-
plete decay of 'A and ['A],— is the concentration produced

by the laser pulse. Substituting [AO,;] = 0 at + = 0 and
rearranging gives

-(1/T+(kq+ka)[A])t

T+ (kg + BJHA]
R,[A]

['a]n = [AO],.. 22 5)

In an earlier report3 we assumed that the observed DPBF
quenching constant, (kq + ka.), was approximately equal to
k. itself. Using the measured values of 7, k,, and [AOs}/=w
in methanol, we calculated that under suitable conditions
(see Results, section 3 in ref 3) ['A],=o was equal to 90 %
10% of the concentration of sensitizer (Methylene Blue)
triplets produced by a pulse. If, as Matheson and Lee
suggest, ko = 0.1(kq + ka), the quantum efficiency of 'A
production from Methylene Blue Triplets would have to be
~9.0. In order not to exceed the generally accepted maxi-
mum quantum efficiency of 1.0, kq must in fact be 0.1k,
justifying our above assumption.

The photolysis data of Adams and Wilkinson also sup-
port this conclusion.® Referring to Figure 3 in ref 5, it is evi-
dent that essentially all of the initial level of 5 X 1073 M
DPBF is bleached in a single laser pulse. The concentration
of 'A produced by the pulse cannot exceed 10~# M, the con-
centration of Methylene Blue sensitizer. If nine molecules
of 'A were indeed quenched by DPBF for each which
reacts, then at most only 1 X 10=5 M DPBF could be
bleached. This limit is further reduced if competition by sol-
vent quenching is included in the analysis.

Usui has measured quantum yields of photooxidation of
DPBF (number of molecules oxidized per photon absorbed
by Methylene Blue) in methanol.® Values near unity were
obtained at DPBF concentrations as low as ~107% M.
Again, if k, =~ 0.1(kq + k,), then the quantum yield could
never exceed 0.1.

Olmsted and Akashah’ have used their quantum efficien-
cy data and our 7 value in methanol (which is accurate re-
gardless of the relative magnitudes of kg and k,) to calcu-
late a value of k, for DPBF of 6.13 X 108 M~! sec™! quite
close to our value of 8 X 108 M~2sec™!. Reactive and phys-
ical quenching are unambiguous here as in the other effi-
ciency measurements.

Journal of the American Chemical Society | 97.2 / January 22, 1975



The reason why Matheson and Lee obtain a lower value
of k, is not apparent. Although their data was obtained in
Freon 11 rather than methanol, this should not be impor-
tant since k, is not very solvent dependent.® Possibly the
difficulty lies in their determination of the number of sin-
glet oxygen molecules produced by direct laser excitation. It
is interesting to note that the rate constant for quenching of
A by B-carotene reported by Matheson and Lee is about a
factor of 10 less than values obtained by Foote, et al.,® Far-
milo and Wilkinson,® and ourselves.3
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Extrusion of Fe;S;,* and Fe S4* Cores from the
Active Sites of Ferredoxin Proteins
Sir:

We have recently demonstrated that: polynuclear clear
ter complexes of general formulation [Fe;S4(SR)4]2~ 14
and [FesS3(SR)4)>~3 (R = alkyl), which serve as syn-
thetic analogs24® of the active sites of oxidized ferredoxin
proteins!® (Fdox), undergo facile thiolate substitution reac-
tions. These reactions, effected by the addition of thiols
R’SH to solutions of cluster complexes at.ambient tempera-
ture, result in the transfer of Fe;S4* and Fe,S,>* cores from
one ligand environment to another with little or no decom-
position and no important changes in core structure 3
Among these reactions the conversion of FesS;-glycyl-L-
cysteinylglycyl oligopeptide complexes* and [FeSx(S;-o-
xyl)2]2= 3 (Spo-xyl = o-xylene-a,a’-dithiolate) with ben-
zenethiol to [Fe4S4(SPh)4)2~ and [Fe;S2(SPh),]2~, respec-
tively, offer clear precedents for the extrusion of core units
from holoproteins in the form of their arylthiolate deriva-
tives, reaction 1, in which the two known types of active
sites with n > 110 are indicated. From experiments based on
previous work,'-% we report here the successful extrusions of
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Figure 1. Spectrophotometric demonstration of two extrusion reactions
of 8-Fdox in 80% DMSO. Product complexes were identified spectral-
ly.2

the FesS4* core of Clostridium pasteurianum ferredoxin
(8-Fdox) and the Fe,So* core of the algal protein Spirulina
maxima ferredoxin (2-Fdy)."' In complementary and de-
tailed studies Bale and Orme-Johnson'2 have demonstrated
core extrusions from a number of other Fe-S proteins.

{[Fe,8.%(S-Cys)] {
1 [Fe,S,* (8-Cys)]}
[Fe,S,(SR’)J* and/or [Fe,S,(SR"),]*

n-Fe(holoprotein) + R'’SH —

@)

The utility of various thiols in extrusion reactions, which
were monitored spectrophotometrically (Figures | and 2),
has been examined; experimental conditions and results are
given in Table I. In the 80% DMSO reaction medium em-
ployed the proteins are expected to be unfolded to a consid-
erable extent,!3:' thereby allowing easier access of the thiol
to the active site at which, extrapolating from kinetic stud-
ies of synthetic complexes,!’ protonation of coordinated S-
Cys by R’SH initiates the substitution process. The shift of
the visible band in the 8-Fd,. spectrum from 390 nm in
aqueous solution to 410 nm in 80% DMSO places it in the
range of FesSs-peptide complexes in this solvent (404-409
nm), indicating significant denaturation.# Treatment of this
protein with excess benzenethiol affords clean extrusion of
the active site core inthe form of thoroughly characterized
[Fe4S4(SPh)4]%,237 readily distinguished from the protein
by its band at 458 nm? (Figure 1). Similarly, reaction of 2-
Fdox with benzenethiol and o-xyl(SH); leads to extrusion of
the Fe;S,* core as its [Fe;S;(SPh)4]2~ and [FexSa(S;-0-
xyl)2]2~ derivatives, respectively, whose spectra (Figure 2)

Table I, Results of Extrusion Reactions of Fd,. Proteins with Thiols*

n-fold %
Protein R'SH excess? Product Amax. M (€37) conversion®
8-Fdox® PhSH 35 [Fe:S«(SPh) > 458 (17,600) >95
2-Fd,x? PhSH 40 [FesSa(SPh)]2~ 490 (11,000) >95
8-Fdox 0-xyl(SH); 120 [Fe:S«(Sz-0-xyl)a], 2~ 419 (22,300) >95
2-Fdox o-xyl(SH), 30 [FexSu(Se-0-xy1):]%~ 417 (11,200), 450 (sh), 590 (5000) >95
8-Fdox HSCH,CH,SH 60 [Fes(edt) )2 367 (26,300), 522 (8000) ~75
2-Fdox HSCH,CH.SH 120 [Fex(edt) ]2 Same >90

« Conditions: anaerobic; 4/1 v/v DMSQO/H,0, aqueous component pH 8.5(0.02 M Tris buffer); 30 min reaction time at ~25°. » Maximum

amount of thiol for indicated conversion under stated conditions; 7-fold excess =

812 and 41 mol R’SH for 8-Fd, and 2-Fd., respectively.

© C. pasteuranum. ¢ Sp. maxima. ¢ Determined spectrophotometrically using e data for proteins and complexes measured separately; per mole

of protein.
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