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enzyme, it is possible that both the real and artificial acyl-enzymes 
would have the same rate of deacylation. 

Thus we have synthesized an organic chemical model of an 
acyl-enzyme intermediate of MW 428 whose hydrolysis rate is 
approximately equivalent to a real acyl-enzyme intermediate of 
MW 25 100 (Table I). This achievement indicates that out initial 
assumptions of a three amino acid active site and the intermediacy 
of an acyl-enzyme are correct for the chymotrypsin structure and 
mechanism. 

The molecular weight ratio of 58.25 for the real over the ar­
tificial acyl-enzyme, which we have achieved, can be explained 
in part by the fact that we do not utilize any amino acids in our 
synthesis, which immediately makes it nonutilizable for biosyn­
thesis including transmission through the genetic chain from one 
generation to the next and also reduces the water solubility greatly. 
Since all life takes place in water, it reduces the utility of the 
artificial acyl-enzyme to nonlife processes. 

The mechanism by which this large rate acceleration occurs 
will be discussed in the full paper. 
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Figure 1. Stern-Volmer analysis of the quenching of the pyrene-di-
cyanobenzene exciplex in dimethoxyethane by tetra-n-butylammonium 
tetrafluoroborate. Circles are for intensity quenching and are plotted 
according to the scales shown on the left and bottom axes. Triangles are 
for lifetime quenching and are plotted according to scales shown on the 
right and top axes. 
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Exciplex intermediates play a pervasive role in organic pho­
tochemistry.1 In relatively nonpolar solvents, radiative relaxation 
of the exciplex often occurs in competition with chemical reactions. 
In more polar solvents, dissociation of the exciplex to radical ions 
is the dominant reaction when it is permitted energetically. Salt 
effects are often used to control or probe organic reactions.2 

However, only quite recently have salts been employed in the 
investigation of exciplexes.3,4 Herein we report the results of a 
study of the interactions between tetra-K-butylammonium tetra­
fluoroborate (R4NBF4) and the exciplex formed from singlet 
excited pyrene and 1,4-dicyanobenzene, (Py-DCNB)*1, in di­
methoxyethane (DME) solution. The findings reveal that (Py-
DCNB)*1 is quenched by monomeric, dipolar R4NBF4 without 
formation of ions but that reaction of the exciplex with higher 
aggregates (R4NBF4)„ leads to efficient formation of pyrene 
radical cation (Py+-) and dicyanobenzene radical anion (DCNB"-). 
This phenomenon is useful both for controlling the chemical 
reactions of exciplexes and for analyzing putative electron-transfer 
reactions. 

The fluorescence of pyrene in DME is rapidly and irreversibly 
quenched by addition of DCNB, and simultaneously a new, broad 
emission centered at 450 nm due to (Py-DCNB)*1 appears in the 
spectrum.5 The fluorescence of pyrene is unaffected by addition 
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Figure 2. Double-reciprocal plot of the relative yield of pyrene radical 
cation against the concentration of tetra-n-butylammonium tetrafluoro­
borate in dimethoxyethane. 

of R4NBF4, but the emission of the exciplex is quenched by this 
salt. The maximum of the exciplex emission spectrum is not 
changed noticeably by the salt. In contrast to observations reported 
for related systems,3 Stern-Volmer analysis of the exciplex 
quenching by the salt reveals a distinctly nonlinear relationship.6 

In effect, the salt is a less effective quencher at higher concen­
trations than it is at the lower concentrations. Precisely the same 
nonlinear behavior is observed when the lifetime of the exciplex 
is monitored. These results are displayed on Figure 1. 

Excitation of a DME solution of pyrene containing 0.02 M 
DCNB with the output of a nitrogen laser (15 ns, 337 nm, 7 mJ, 
absorbed exclusively by the pyrene)7 permits analysis of these 
reactions by transient absorption spectroscopy. In the absence 
of added salt this experiment reveals, not unexpectedly, that the 
radical ions are not formed in detectable amount from dissociation 
of the exciplex in this relatively nonpolar solvent. However, when 
the solution also contains 0.05 M R4NBF4 the absorbance of Py+-
is readily observed, and its yield (determined from the absorbance 
change at 445 nm)8 is virtually the same as that obtained from 
the dissociation of this exciplex in acetonitrile solution.5 The yield 
of Py+- is dependent on the salt concentration in a curious, non­
linear way (Figure 2). The amount of Py+- formed when the salt 
concentration is less than ca. 5 x 10"2 M is small even though 

(6) Similar observations have been made by R. Hartley and L. Faulkner 
(Hartley, R. Ph.D. Thesis, University of Illinois, Urbana, 1984) for pyrene-
dimethylaniline exciplexes, and we have seen identical behavior for pyrene-
diethylaniline exciplexes. We thank Drs. Hartley and Faulkner for sharing 
their findings with us before publication. 

(7) The laser system has been described previously: Horn, K. A.; Schuster, 
G. B. Tetrahedron 1982, 38, 1095. 
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Figure 3. Plot of the apparent molecular weight of tetra-n-butyl-
ammonium tetrafluoroborate as a function of concentration in dimeth-
oxyethane. 
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this concentration is sufficient to quench the exciplex emission 
significantly (Figure 1). However, the efficiency of Py+- formation 
from quenched exciplexes increases at greater salt concentrations. 
This finding underscores and expands the exciplex emission 
quenching results; at low salt concentration the exciplex is 
quenched but gives Py+- only inefficiently, while at higher salt 
concentration Py+- is a major product. This nonlinear behavior 
may be traced to the self-association of R4NBF4. 

The association of unionized salts to form quadrupoles and 
higher aggregates in nonpolar solvents is well-known.9 Figure 
3 shows a plot of the apparent molecular weight of R4NBF4 

(determined by vapor pressure osmometry) as its concentration 
increases in DME solution. The molecular weight is seen to 
increase monotonically over the salt concentration range where 
nonlinear behavior is observed for the exciplex fluorescence 
quenching and for the yield of Py+-. 

These observations are reasonably coupled and suggest that 
reaction of the exciplex with monomeric, dipolar salt results in 
quenching but not in radical ion formation and that the reaction 
of the exciplex with quadrupolar or aggregated salt gives radical 
ions in good yield, probably by an ion-pair exchange process. 
These concepts are illustrated for the case where the higher ag­
gregates are represented as quadrupoles in Scheme I. This 
mechanism can account both qualitatively and quantitatively for 
the findings if fcq > k{. 

Finally, we confirmed that the radical ion pairs presumed to 
be formed from reaction of salt with the exciplex in nonpolar 
solvent give the same products as solvated ions formed in polar 
solvent, at least for one case. The electron-transfer-sensitized 
photooxidation of frans-stilbene by 9,10-dicyanoanthracene was 
used as a probe.10 In acetonitrile this reaction gives benzaldehyde 
presumably by reaction of the stilbene radical cation. No oxidation 
is observed when this reaction is attempted in DME. However, 
addition of 0.035 M R4NBF4 to the DME solution leads to ef­
ficient formation of benzaldehyde. Similarly, when 1,4-dioxane 
is used as a solvent only a very low yield of Py+- is detected by 
transient absorption spectroscopy even at high salt concentration. 
In this case benzaldehyde formation remains inefficient even when 
R4NBF4 is added to the reaction solution. 

(9) Fuoss, R. M.; Kraus, C. A. J. Am. Chem. Soc. 1933, 55, 3614. Kraus, 
C. A. J. Phys. Chem. 1954, 58, 673; 1956, 60, 129. 

(10) Eriksen, J.; Foote, C. S. J. Am. Chem. Soc. 1980, 102, 6083. 

In sum, the quenching of exciplexes by R4NBF4 leads to ionic 
dissociation at high salt concentration where formation of quad­
rupoles and higher aggregates occurs. At low salt concentration, 
the exciplex is quenched but does not dissociate. This unusual 
behavior may be a useful probe for the intermediacy of ionic 
intermediates in photochemical processes. 
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In recent years there have been many attempts to devise syn­
thetic systems capable of photochemical energy conversion 
analogous to photosynthesis.1"3 Many of these have been based 
on the excited-state chemistry of metalloporphyrins4 or tris-
(2,2'-bipyridine)ruthenium(II) (Ru(bpy)3

2+).3~8 We present here 
the synthesis, electrochemical properties, and luminescence be­
havior of a novel binuclear complex containing a Ru(bpy)3

2+ 

covalently linked across the face of a porphyrin at a distance of 
approximately 4 A.9 The fixed proximity of the two photo-
chemically active centers results in a strong interaction which is 
reflected in both the luminescence and electrochemical properties 
of the complex. 

The 5,5'-bis(3-hydroxypropyl)-2,2'-bipyridme (1) was prepared 
by the following route. Bromination of diol 210 with HBr in acetic 
acid gave bis(bromomethyl)bipyridine 3, which was alkylated by 
diethyl malonate to tetraester 4. Decarboxylation of 4 to diester 
5 in wet Me2SO followed by LiAlH4 reduction gave diol 1 in 21% 
overall yield from 2. Reaction of diol 1 with the diacid chloride 
of mesoporphyrin II 6" at high dilution in methylene chloride 
provided 7 (27%).u Reaction of 7 with Ru(bpy)2Cl2 in refluxing 
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