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Figure l .  Plots for  solvent  extract ion of  aqueous l i rhrum r l  ) .  socj ium
( . l ) .  p o t a s s r u m  ( A ) ,  r u b i d i u m  ( C ) .  . a e y u m  1 0 ) .  s r i r . e r  i  ) .  a n d
tha i l i um p lc ra te  ( l )  w i th  l 2 -c rown- - {  i n  c i i ch io romerhane :  ,a r  l . I  o r
(b )  2 : l  s to rche iomet ry  assumed:  [12 -c rown-J ]o r "  rnd  i . l - _ .o  i -e re r  ro
concentrar lons of  12-crown-.1 in orqanlc ohase lCFI:C: :  ,  ano of  g lcrare
ign  i1  equeous  phase  a r  the  equr i i bnum.  and  D l1  re t resenrs  l he
d is tnbur ron  ra t i o  o f  mera l  i on  be rween  o rgan lc , rou .ou i  i nJses .  :o r
the denvat ion of  equi l ibr ium eouar lons.  sei  rer .  i . '

enhanced bv t i re br idging co-ordinar ion of  tuo oic*re anrons.
since rhe l ipophii icirv"of ihe.";; i ; ; .  ; ; ; ; ;  . ; ; ; ; . ; ' ln,on.,o
be extracted is one of the pnman' facron domrnarrns
extractabi i i tv and cation seiecti i . i rv in ioi 'enr gv113c116n.i . : .-s
This does not meen however rhat rhere is no I :  I  or I  : l
complex tormed in the aqueous phase. but rarher indicares
that  on iv  the h igh lv  l ipophi l ic  I  : l  complex.  even rhoush i t
mav be a minor species in rhe rqu.oui phase. is e.xrracred
preferabiy inro dichioromerhane. .{nothei poinr of inreresr is
the cation selectivirv. As a consequence of the dif ferent
complex stoicheiomerrv appl ied. selecrivi tv inversion is acru-
ai lv observed for severai carion pairs. e.g. Ae-f ir .  Li- lK-.
Rb*/Cs*, as indicated by the crossing pi,cts i i  Fieure l .

The presenr result indicares chai ihe ion-pa-ir comole.x
extracted into the organic phase from aquebus solurion.
though i t  shares some resembrance with rhe crvstai l ine
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complex.l  possesses i ts own characterist ic stoicheiometrv
which is disr inct lv dif ferenr from those observed in rhe
homogeneous or soi id phase. Thus the complex stoi-
cheiomerrv in solvenr exrraction is nor a simple funci ion of the

:.tz..- f i ,  concepr bur is ini ' luenced subsrantiai lv bv rhe l ipophi-
l ic irv of the ion-pair complex to be e.xtracted. From'the
practicai pornr of iew. the dif ferenr stoichqiomerrv for rhe
specrf ic carion parr mav be used as a tooi for control l inq carion
selectrvitv

^ Parriai suppon of rhis work by the Ministry of Education,
Science and cuhure of Japan through a Granr-in-Aid for
scienri f ic Research is grateful lv acknowiedeed. y. L. acknow-
ledqes the generous dnancial suppon or i to Chemrcai co.
and Himeji overseas chinese Association tor his srav at the
Hime.yi Insrirure of Technolog,v.
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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. Mar:tuff, John R. Jacobsen, George M. whitesides, and Joseph J. Grabowski*
Department of Chemistry, Hatuard IJniversity, 12 Oxford Street, Cambridge, MA 021gg, U.S.A.

we have developed a new method utilizing the partitioning of energy between radiative and non-radiatrve pathwaysfollowing photostimulation for the determination of bindirig consiaiis in bioctremtcai sy"te-sf apjtlation of this
?l:111t:::l ' j 9"l9rimetry technique to the studv of the inhr:bition of carbonic anhydrase byl ' {o lmethy laminol -s-naphthalenesulphonamide y ie lds Kr1 = 1.7 l=0,4)  x  106 mol- !  dm3.

Photoacoustic calorimerry (pAc) has been applied by peters. r
Braslavskv,: Gri i ler. j  and orhers* ro the dererminarion of
lhermod.- '"namic paramerers and/or dvnamics in a number of
cnemrcal svstems. includins the photodissociat ion of carbon
monoxide f rom mvogiob in . lb  r f re  d isp lacement  o f  heprane

t rom Cr(CO).heprane bv pvr id ine. rc  and rhe
bonci dissociat ion energies.l  We wish ro
application of P,{C ro rhe determinarion of
recepror  for  a  l igand.

Carbonic anhvdrase (bovine ervrhroct 're.

measurement  o f
repon rhe f irst
the affinitv of a

mlxrure ol lsozy-



coM.\{UN. .  r  g8g

q/

l
i1

;

n(-
I

a

n

c

,,"t

n 7 n

2.5) n ? n

mes) rnreracls wirh 1_(dimerhvlamino)-5-naphthaienesul_
phonamide (dansylamide) to af ford a l : l  .J . f f .* . .  f i , .chanse in fluorescence of dansvramide obse*.l upon irsbinding ro carbonic anhydrase is rhe basis of an exisring assavfor rhe derermination oi binding.onrrun* of non-fluorescenrinhibirors to this prorein.6 Hereln we descrjbe a new. generai
method which urii izes rhe difference in quunru,o );. i;; f*non-radiarive relaxation exhibired b' free anc uourrJ o.nsrt-amide. This di f ference in rhermal energ'deposir ion; ; ;
soiution is used ro monitor the e.xrenr of compiJx la.,nr,,on .,a known concenrration of inhibitor is ritrarid *ui, f io,. in ,Dansl' lamide, bound ro carbonic-anirvorase or free in soru-
ji"j;, i lybs photons at 337.1 nm (N: taser): ri," ir.. l ieandfaplol' returns most of the absorbed energl' to the solutron asheat (Q6 is sma.ll:7 /, : 0.g7g = 0.006).s: whereas theenn'me-bound moiecuie rerurns a smairer fraction of the
:]..]:i:i." energ,y as hear (;fr -0.-1)t and emirs the resr asI.tuorescence (@s = 0.84).i Anv non-radiarive relaxation wii lproduce a locai temperature increase. which gives rise to anadiabatic. isobaric expansion, which in turn ...-ur.. u fi.rrur.wave (acousric wave) in soiution. This pr.rrur. **,! 'prrr.,throush the solrrt ion and is readirv transmirred rhrough rhequarrz wall of a srandard cuverre and into a pi.zoete.i;;;;;
transducer that is clamped to the outside of the ceil. An

FEU.e l. \ rvprcal phoroacous.c llrritron c'n.c r", o""rr,r,n,o.-"roll,1O"ln1l
;;!.'i*'l "': oi;i:;::l-;"-qip il"l') = r s x i06 mor- j a',. loriii 

-j';'"-"',T;,":i::'ti'1":T:ii.t?1il.T#].iiii;-'Jir;'l:l;r'';
;.,.,;. iil;;::;'"#; JJ,i:: "ifi::'; ,l.f"l;_iTii; f,",F,il.o.l"s",:rx {:i;,*,,*i:lir:i"[".:"::l the eipenmen,a,

exampie of a detecred photoacousric wave for dansvlamicie in
aqueous buffer is shown in rhe inser of Fieure 1.

A PAc expenmenr  ro  determine a S ino ine consranr  is
execured in rhe ioi lorvine manner: Degassed disl, iamide in
0.39'o merhanol-]0 r*r aqurous KHzpb" Urt i .r ' t -pff  7.1) is
p iaceC in  rhe sampie cuvet te .  a t  room^ temperature.  and
phoroacousric waves generated from rhis r l .npt. upon irradia-
rron b' a shon. low enersv laser pulse (<zo , i- l l  , i . -olnir ized.
coi lected. and averaged for 35 iaser shots.S The .q; i l ; ; ;
concenrrarions of inhibitor. protein. and their compiex are
then penurbed by increasinq rhe prorern concenrrat ion and a
new ser of dara col lecred. over rhe course of this t i traton of a
f ixed concentrat ion of dansvlamide. we observe a decrease in
the ampl i tude of  the phoro icousr ic  s iena i  thar  sca ies * i r t  , t "
amounr of carbonic anhvdrase added. The data are anai 'sed
bv inresrarion of rhe f irst negarive excursion of rhe ;h;; ; ; ; :
oustic waves (shaded ar.r oiFigure l  inserl  f ; ;  ; ; ; i i ratro of
[carbonic  anhvdrase] - to- [dansyr imide]  rno ' . ie , i , .n 'no. ,nu i -
ized to laser enerev. which is aiso measured for each puise
durin_g the experiment.e

The set of inresrared. normarized photoacoustic signais
from rhe r i trarion are t i t ted b1' a non-l inear r.ur,-rq;; ; ,
rourine ro an expression for a 1 , i  bindine inr.ro.r ion. i ; i ; ; ;
dara f rom one expenmenr  are shown in  F igure i .  The b ino inn
consranr. obtained as the average from f ive separare e.xperi--
menls  (=  one s tandard dev iar ion)  is  1 .7  (=0. .1)  x  106

;  we aiso can and have obtained sat is facrory data f rom the t i r rarron ofcarbonic anhvcirase wrth dansvlamrde. an assay requlnng less prorein.
:  The'anable/r '  is  the f ra* ion of  absorbed enerq-v re ieased as hear.

$ No wav'eform
heat deposrt ron

shrf ts were obsen'ed uDon t i t ratron.
rs a lwavs occurnng in the same t ime

indicatrng rhar
f rame.
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/16ol -  t  dmj .  in  exce i lenr  agreemenr  wi rh  a  b ind ing constanr  o f

I;t"(":]r:'1,_I-t^0j I"l, 
' g_-' obrained fyom ;;;-Ti;;;; firring

of  data obra ined bv rhe t luorescence b ind in_e assav. ' ,  C; ;vaiues are in accord rvith previous m.aruiements of rhrs
b ind ing .  cons_ ran r  [ 4 .2  ( *0 .2 j  x  i 06  mo l - r  dm j . s  5 .0  x  105
m o l -  I  d m i l . 6

The P.t C binding assav is borh experimenrairv strarghrtor-ward and versatire. Anv svstem comprised of bound and freepopuiarions for which rhe non-radiaiive rransitions toilowingphorosrrmuiation are differenr for rt .r. i f. i l .r '  .un inpnncipie be examined by pAc. changes in quantum-vieids tort ' luorescenr and non-radiative processes or in time consrants
for energ-v deposirion are rwo imporrant paramerers thar rhePAg. rechnique c.an exproir. as weil as chanqes in extincrion
coerficients for the species being srudied. nr. ;;; i ,od hasobvious appiication where backg-round fruorescence or l ighrscarrenng interteres with measurimenrs of duorescence of thegroup of inrerest. or where luminescence is n;, easiivmonirored. We are now pursuine other svsrems f", ; i l ; i ,
PAC orfers a unique soiution ; problems in moiecular
recogn l t l on .

we rhank caroivn R. Benozzi for desisning rnd fabricaring
our pnoroacousric calorimeter. This *ork- haJbeen supponedbv rhe Harvard Materiars Research Laborarorv. under
Narionai Science Foundation sranr #DlIiR-J;-i*ooi. r.",.acknowiedqes a feilowship froniJohnson & Johnson.
Recetved. 9rh .Vav 1989: Com. 9/0Ig42A
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Reaction of Tri f fuoromethanesuf phonyf chloride with Alkenes catafysed by aRuthenium(n) Compfex
Nobumasa Kamigata,r  rakamasa Fukushim a,  and Masato yoshida

1:::"-"nt 
of chemistry' Faculty of science' Tokvo Metropolitan LJniversity, Fukazawa, setagaya-ku, Tokyo lsg,

The reac t ion  o f  t r i f luoromethanesu lphonyr  chror rce  wr rh  a ikenesd ich lo ro t r i s r t r ipheny lphosph ine) ru then ium(r )  g ives  . r  :  r  adduc ts
rn  tne  presence o f

w i th  ex t rus ion  o f  su lphur  d iox ide .

Recenr l r ' .  t luoroalkviated compounds have recer! ,ec muci . rarrenr lon rn medicine and mater ia i  chemisrn. . i  Ho*svs1. 11 15di f f icuir  ro inrroduce a f luoroaikyi  t ; ; ; ' in.-r i r .nes oraromarlc comoounds by ordinarv aikvlarine merhods viacarbocarronic intermediale uecausi of the hieh eiecrron-wrrh-
draw rns :haracrer of  f luor ine.  New *. ,noJr=oi i tuo.oartrra_
r ion have been deveroped: e.g.  f luoroaik ' rarron 

" i r r r . . l . i  " ,aromarlc compounds.by pert luoroalkanovl  peroxide.:  meraicomplexes of t ' luoroaikvi harides.-r pertluo.o.rrbo*rl irc acidsmediared bv xenon difluonde.r t ' luoroari<vt nairae-*iin ,n.ruicompiex catalvsrs.  j  and erectrochemicar merhod wirh rnf luoro-aceric acid6 have been used. How'ever. these merhods do norgtve sarisfacron' v' ields of rhe products. and ofien suifer iromsicie reacrions. iVe have urrJoJu ,.poned the reacrion oft r ichioromethanesurphonvl  chronde with aikenes in thepresence of rurhenium(rr) complex ro give I : r aooucts in soodyieids wirh evolur ion of  sulphur dio.x ide.T Dur inqo";r ; ; ; ; :
atic invesrisarions on rhe reacrions of sulphonii .?,nrio;;;;;;

cF3so'ct + RCH-Cir, ...-.re* RCH-CFr, + 5O.,
t l

i' tr,
( 1 )  ( 2 1  ( 3 )

a lkenes in  ihe presence of  a  cara iv t ic  amount  o f  a  ru thenrum-(tr) compie.\.  we iound rhar rhe reacrion of tr i f luoromlthane-
su iphonv i  cn ionde ( l )  w i th  arkenes in  the presence of  a
ru thenium( l r  r  compiex proceeded smoorh iy  und. ,  mi ld  condi -
t ions ro arford the corresponding l  :  1 adducts in high yreids
with exrrusion of suiphur dioxide-.

. -Typ i ca i l v .  a  so lu r i on  con ra in i ng  ( l )  ( 2 .0  mmo l ) .  s r y rene  ( l a )
(5 .0  mmoi  ) .  and d ich lororns( tn ihenv lphosphine l* i i , "n iurn-
( t t )  ( 0 .02  mmo l )  i n  + .0  m lo ibenzene  was  degassed  and  hea red  a r
i20 "c in a seaied rube tor 16 h. Flash colurirnchioruionr"on, '
on Flonsi l  using benzene and rhen rhe _*. i  p.r",?ru;;
chromatosraphy us ing ch loroform eave *1-ch i6ro_ t . l .  l - r r i r - lu -
oro- -3-phen ' ipropane (3a t  in  8+9r"  v iJ io .  o ther  mera icara l r .s rs .

CF3SOTCI -  f tu i r  *  ICFTSO:CI ] . -  ;  f ts r r r
[CF]SO?Cl l ' -  -  CF_,S03.  ,  CI  -

Rurr r  c l -_Rui i l_c l
CF3SO:. -  .CF- ,  -  SO:
'CF; :  RCH=CH:- RCHCHTCF:
RCHCH:CF;; f turrr cl- RCHCICH.CF., - Rurr

Scheme I
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