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aqueous solution with rates achieved by
enzymes reveals the striking efficiency of
the latter.

Phototriggers for Time-Resolved
Studies of Biochemical Response

Photoactivatable protecting groups can
provide temporal and spatial control over
the release of active compounds. Such
compounds are becoming important tools
for the analysis of fast processes in biolo-
gy and other fields, such as the dynamic
flow of liquids or gases. Most phototrig-
gers are based on the o-nitrobenzyl photo-
protective group.

Current wisdom holds that the release
of anions from o-nitrobenzyl compounds
proceeds by the mechanism shown in
Scheme I, but many essential details such
as pH-dependence, isotope and substitu-
ent effects, the nature of the rate-deter-
mining step, the pK, of the aci-nitro and
bicyclic intermediates, and the origin of
frequently observed nonexponential de-
cay of the aci-nitro intermediates are open
to question. Buffers are commonly em-
ployed to establish pH, and the possible
effect of general acid or base catalysis is
usually ignored. The properties of protect-
ing groups often do not meet the require-
ments for optimal performance in bio-
chemical applications. Release rates of
ATP nitrobenzyl precursors are on the
order of 10 s~! at room temperature, and
the side product is toxic. Often, it is not
known how fast and efficient the release
of the desired biochemicals actually is.
There is need for mechanistic studies and
room for improvement by the develop-
ment of faster and more efficient photo-
triggers [6].

Novel reactions for the use as photoac-
tivatable triggers or for photoaffinity la-
beling are needed. In the desyl phosphates
developed by R. Givens (Scheme 2), re-
lease is fast (7 = 10 ns), but both radical
and ionic reactions are competing, and the
reaction is strongly solvent-dependent.
Novel phototriggers for ionic leaving
groups X7, such as that shown in Scheme
3, are being developed.

Protein Folding

Understanding how proteins fold is a
central problem in biochemistry. Much of
the earlier work was limited to the milli-
second time scale and above, and the de-
velopment of methods with much better
time resolution is required to investigate
folding kinetics of local domains. Meas-
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Fig. 1. Empirical relationship between free energies of reaction and ketonization rate constants
of enolates

Scheme 1
i ¢
CH, Iy _CH
SN ¢ O
NO, r;'
e
(% n
CHO
©: + HXI - ‘>
No =
O—1I1
Scheme 2
P QNI
Ph I I Ph” X
e 10 ns

Scheme 3

X
OH (0]
hv




CHEMISTRY AT THE UNIVERSITY OF BASEL

234

Fig. 2. Spectrographic tracing of triplet-energy transfer from thioxanthone to naphthalene

urement of triplet-energy transfer rates
between chromophores covalently bound
to designed model oligopeptides provides
a tool for studying these rates in aqueous
solution, because this reaction requires

physical contact between the donor and
acceptor group. Triplet-energy transfer
from thioxanthone to naphthalene can be
measured accurately by monitoring the
characteristic triplet-triplet absorptions of
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these chromophores at 590 and 415 nm
after selective excitation of the former at
351 nm (Fig. 2). In collaboration with T.
Kiefhaber, we currently measure intra-
molecular rates of triplet-energy transfer
from thioxanthonyl to naphthyl attached
at varying positions of oligopeptides such
as that shown to the left.

Some of the work described above is or was
done in collaboration with the rescarch groups of
W. Adam, Wiirzburg; R. Givens, Lawrence, Kan-
sas; M. Goeldner, Strasbourg; A.J. Kresge, To-
ronto; T. Kiefhaber, Biozentrum, Basel.
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