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Figure 1. Plots for solvent extraction of aqueous lithium 1+ ), sodium
(L), potassium (A), rubidium (D). caesium (@), siiver iZ). and
thailium picrate (®) with 12-crown-+4 in dichloromethane: “a) 1:! or
(b) 2: 2 stoicheiometry assumed: [12-crown-4],,, and (A=, refer to
concentrations of 12-crown-4 in organic phase (CH-C!~ and of oicrate
ion in aqueous phase at the equilibrium. and Dy represents the
distribution ratio of metal ion between 0rganic;agueous pnases. ‘or
the denvation of equilibrium equations. see ref. 1.

enhanced by the bridging co-ordination of two picrate anions.
since the lipophilicity of the complex. or the counter anion. :0
be extracted is one of the primary factors dominatng
extractability and cation selectivity in solvent extraction.3.”3
This does not mean however that there is no L:1 or 1:2
complex formed in the aqueous phase. but rather indicates
that only the highly lipophilic 2:2 complex. even though it
may be a minor species in the aqueous phase. is extracted
preferably into dichloromethane. Another point of interest is
the cation selectivity. As a consequence of the different
complex stoicheiometry applied. selecuvity inversion is actu-
ally observed for several cation pairs. e.g. Ag~/Tl-. Li~/K~-,
Rb+/Cs~, as indicated by the crossing plots in Figure I.

The present result indicates that the ion-pair complex
extracted into the organic phase from aqueous solution,
though it shares some resemblance with the crystalline
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complex.! possesses its own characteristic stoicheiometry
which is distinctly different from those observed in the
homogeneous or solid phase. Thus the complex stoi-
cheiometry in solvent extraction is not a simple function of the
size-fit concept but is influenced substantially by the lipophi-
licity of the ion-pair complex to be extracted. From the
practical point of view. the different stoicheiometry for the
specific cation pair may be used as a tool for controlling cation
selectivity.
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A New, General Method for the Determination of Binding Constants: Photoacoustic
Titration of Dansylamide with Carbonic Anhydrase

Ahamindra Jain, Elaine M. Marzluff, John R. Jacobsen, George M. Whitesides, and Joseph J. Grabowski*
Department of Chemistry, Harvard University, 12 Oxford Street, Cambridge, MA 02138, U.S.A.

We have developed a new method utilizin
following photostimulation for the determ
photoacoustic calorimetry technique to the stud

1~(dimethylamino)~5-naphthalenesuIphonamide yields Ky,

g the partitioning of energy between radiative and non-radiative pathways
ination of binding constants in biochemical systems; application of this
y of the inhibition of carbonic anhydrase by

1.7 (=0.4) x 106 mol-' dm3.

Photoacoustic calorimetrv (PAC) has been applied by Peters.!
Braslavsky.? Griller.3 and others* to the determination of
thermodynamic parameters and/or dynamics in a number of
chemical systems. including the photodissociation of carbon
monoxide from myogiobin.!® the displacement of heptane

from Cr(CO)sheptane by pvridine.!c and the measurement of
bond dissociation energies.? We wish to report the first
application of PAC to the determination of the affinity of a

receptor for a ligand.
Carbonic anhydrase (bovine ervthrocyte. mixture of isozy-
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Figure 1. A typical photoacoustic titration curve for

calculated best fit. corresponding to Kip = 1.9 x 10° mol-! dm>. (DNSA =
W07 M e = 3371 om: pulse energy ~20 u)). Inse:: A typical photoacoustic wave for d
gration limits (used to obtain the signal ampiitude) are also indicated.

baseline (signal for aqueous buffer alone) and the inte

mes) interacts with 1-(dimethylamino)-3-naphthalenesul-
phonamide (dansylamide) to afford a 1:1 complex.® The
change in fluorescence of dansylamide observed upon its
binding to carbonic anhydrase is the basis of an existing assav
for the determination of binding constants of non-fluorescent
infibitors to this protein.6 Herein we describe a new, general
method which utilizes the difference in quantum vyields for
non-radiative relaxation exhibited by free and bound dansvi-
amide. This difference in thermal energy deposition to the
solution is used to monitor the extent of complex formation as
a known concentration of inhibitor is titrated with protein.*
Dansylamide, bound to carbonic anhydrase or free in solu-
tion, absorbs photons at 337.1 nm (N2 laser): the free ligand
rapidly returns most of the absorbed energy to the solution as
heat (¢ is small:7 £, = 0.978 = 0.006).3z whereas the
enzyme-bound molecule returns a smailer fraction of the
excitation energy as heat {(fo ~0.3)f and emits the rest as
fluorescence (&, = 0.84).5 Any non-radiative relaxation will
produce a local temperature increase, which gives rise to an
adiabatic., isobaric expansion, which in turn creates a pressure
wave (acoustic wave) in solution. This pressure wave passes
through the solytion and is readilv transmitted through the
quartz wall of a standard cuvette and into a piezoelectric based
transducer that is clamped to the outside of the ceil. An

* We also can and have obtained satisfactory data from the titration of
carbonic anhydrase with dansvlamide. an assay requiring less protein.

< The variable f, is the fraction of absorbed energy reieased as heat.

dansylamide—arbonic anhydrase. Circles represent cxpenimental data: the curve is the

dansvlamide: CA = carbonic anhvdrase: [DNSA)y = 2.04 x
ansylamide in water: the experimental

example of a detected photoacoustic wave for dansylamide in
aqueous buffer is shown in the inset of Figure 1.

A PAC experiment to determine a binding constant is
executed in the following manner: Degassed dansylamide in
0.3% methanol-20 mm aqueous KH,PO, buffer (pH 7.4) is
placed in the sampie cuvette. at room temperature. and
photoacoustic waves generated from this szmple upon irradia-
tion by a short. low energy laser pulse (20 uJ) are digitized.
collected. and averaged for 35 laser shots.§ The equilibrium
concentrations of inhibitor. protein. and their complex are
then perturbed by increasing the protein concentration and a
new set of data collected. Over the course of this titraton of a
fixed concentration of dansviamide. we observe a decrease in
the amplitude of the photoacoustic signal that scales with the
amount of carbonic anhvdrase added. The data are analysed
by integration of the first negative excursion of the photoac-
oustic waves (shaded area of Figure | inset) for each ratio of
[carbonic anhydrase]-to-[dansylamide] and are then normai-
ized to laser energy. which is also measured for each pulse
during the experiment.?

The set of integrated. normalized photoacoustic signals
from the titration are fitted by a non-linear least-squares
routine to an expression fora 1 : binding interaction. Tvpical
data from one experiment are shown in Figure 1. The binding
constant. obtained as the average from five separate experi-
ments (= one standard deviation) is 1.7 (£0.4) x 100

§ No waveform shifts were observed upon titration. indicating that
heat deposition is always occurning in the same time frame.
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ol=!dm’. in excellent agreement with a binding constant of
2.1(%0.5) x 10° mol-! dm3 obtained from non-linear fitting
of data obtained by the fluorescence binding assay. 0 These
values are in accord with previous measurements of this
binding constant [4.2 (£0.2) x 106 moi~! dm3:5 5.0 x 103
moi~! dm>3].6

The PAC binding assay is both experimentally straightfor-
ward and versatile. Any svstem comprised of bound and free
populations for which the non-radiative transitions following
photostimulation are different for these species can in
principie be examined by PAC. Changes in quantum vields for
fluorescent and non-radiative processes or in time constants
for energy deposition are two important parameters that the
PAC technique can exploit. as well as changes in extinction
coefficients for the species being studied. The method has
obvious application where background fluorescence or light
scattering interferes with measurements of §luorescence of the
group of interest. or where luminescence is not easily
monitored. We are now pursuing other systems for which
PAC offers a unique solution to problems in molecular
recognition.
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Reaction of TriflﬁoromethanesuIphonyl Chloride with Alkenes catalysed by a

Ruthenium(i) Complex

Nobumasa Kamigata,* Takamasa Fukushima, and Masato Yoshida
Department of Chemistry, Facuity of Science, Tokyo Metropolitan University, Fukazawa, Setagaya-ku, Tokyo 158,

Japan

The reaction of trifluoromethanesulphonyl chloride with alkenes in the presence of
dic'nlorotris(triphenylphosphine)ruthenium(n} gives 1:7 adducts with extrusion of sulphur dioxide.

Recentlv. fluoroalkylated compounds have received much
attention in medicine and material chemistry.{ However. it is
difficuit to introduce a fluoroalkyl group into alkenes or
aromauc compounds by ordinary alkvlating merhods via
carbocationic intermediate because of the high electron-with-
drawing character of fluorine. New methods of fluoroalkyla-
tion have been developed: e.g. fluoroalkylation of alkenes or
aromatic compounds by pertluoroalkanovi peroxide.> metal
complexes of fluoroaikyl halides.> pertluorocarboxvlic acids
mediated by xenon difluoride.* fluoroalky! halide with meral
compiex catalysts.” and electrochemical method with trifluoro-
acetic acid® have been used. However. these methods do not
give satisfactorv vields of the products. and often suffer from
side reactions. We have already reported the reaction of
trichloromethanesulphonyl chloride with alkenes in the
presence of ruthenium(1r) complex to give 1 : 1 adducts in good
vields with evolution of sulphur dioxide.” During our svstem-
atic investigations on the reactions of sulphonyi chlorides with

PP | ach—cH, + S0,

Cl CFy
(1) (2) (3)

CFS0,Cl + RCH==CH,

alkenes in the presencs of a catalvtic amount of a ruthenium-
(1) compiex. we found that the reaction of trifluoromethane-
sulphonyi chloride (1) with alkenes in the presence of a
ruthenium(1) complex proceeded smoothly under mild condi-
tons to atford the corresponding 1: 1 adducts in high yields
with extrusion of sulphur dioxide.

Typically. a solution containing (1) (2.0 mmol). stvrene (2a)
(5.0 mmol). and dichlorotris(triphenylphosphine )ruthenium-
(11) (0.02 mmol) in 4.0 ml of benzene was degassed and heared at
120°Cin a sealed tube for 16 h. Flash column chromatographv
on Florisil using benzene and then the gel permeation
chromatography using chloroform gave 3-chloro-1.1.l-triflu-
oro-3-phenyipropane (3a) in 84% vield. Other metal catalysts.

CF380:Cl = Ruif — [CF;SO-ClJ'~ + Ryt
[CF;SO,Cl)' - —CF:S0,- - Cl-

Rulll + Cl- — RufiC]

CF;SO:' haad CF; - SO:

"CF; = RCH=CH,— RCHCH,CF,

RCHCH,CF; ~ Ruit—C]— RCHCICH,CF; + Rult

Scheme 1
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