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The kinetic isotope effect (KIE) has been of fundamental interest Scheme 1

in organic chemistry for the elucidation of reaction mechanisms o e

for several decadésOn the other hand, it is only recently that its TN, hv +-N\o Slow ?
potential as a synthetic tool has been exploft@&tie C-D bond is R —@(/8 R R ‘@(/'o R A
slightly stronger than the €H bond, mainly due to the difference hig bl

in the zero-point energies; hence, a reaction in which-a1(D) _
bond is broken in the rate-determining step will be affected by iso- @ o
topic substitution. For example, it has been shown that the low- R AQEN/‘OH . :N\OH fast ?
temperature deprotonation &-Boc allylic amines byn-BuLi/ - O\H’R R ‘@o R B
sparteine is 86 times slower for thedideuterated derivative; sim- o] I
ilar results were found for various lithiation reactich8.This obser-
vation led to the use of deuterium substitution to protect protons. N o 0

We are interested in developing photolabile protecting groups g _©;<‘0 % N . rRcooH
sensitive to specific wavelengthsnitrobenzyl alcohol derivatives R R ‘@i»
seemed to be promising candidaté.hey are well-known to react o~
upon irradiation through benzylic hydrogen abstraction by the
excited nitro group, followed by a subsequent cascade of reactionsScheme 2. Measurement of the Isotope Effect.
that result eventually in fragmentation (Schemé 1). NO, NO,

Alkyl substitution at the benzylic position was shown to @(O Gt T @g(o CoHro

. g . . . 117123
significantly shorten the reaction times and increase the quantum Y’ \[(])/ g b \g/
2a

yields10 This suggests that the abstraction of the benzylic hydrogen "1'3
is the rate-determining step or one of multiple rate-determining (1:1)
i i ; 1. hv (420
steps, regardless of.w.hether the process occurs in a sigmatropic or 2_T‘|(A(SCH,’\‘I’2“) MeO_ _CiiHps MeO__CgHio
radical fashiort! If this is the case, one should expect a significant il .

O (83:1)

isotope effect when substituting the two benzylic hydrogens by <10% conversion
deuterium atoms. This opens very interesting perspectives, because
it would allow the overall observed reaction rate to be tuned without ~ The kinetic isotope effect was measured by the photolysis of an
changing the absorbance, as would the introduction or modification equimolar mixture of esters and2 for various irradiation times,
of substituents on the aromatic rifig=or reactions with a low followed by GC determination (using tetradecane as an internal
quantum yield, slowing down processcorresponds to a reduction ~ standard) of the GH2sCO.Me/CoH1COMe ratio after derivati-
in quantum yield. zation with TMSCHN. A modified version of a known equation
To measure the isotope effects on variously substituted deriva- was used to extrapolate the isotope effect as the ratio at zero-
tives, we synthesized the hydrogenated and dideuterated Essteats conversion? Since the reactivity of the monodeuterated ester
and2a—d. contaminant is unknown, we must consider our measurements as
The seriesl was prepared by simple acylation of the readily lower limits of the true isotope effects. We also ruled out deceptive
available corresponding benzylic alcohols derivatives with dode- analytical effects by performing the reverse experiment, with
canoyl chloride. Serie® was prepared by the reduction of acid deuteratedb and protiatedb. Irradiation at 420 nm of acetonitrile
chlorides (prepared in situ by the reaction of the carboxylic acid solutions at room temperature gave KIEs of 8l&/2a), 3.3 (Lb/
with thionyl chloride) with NaBR in THF (65—94%, isotopic puri- 2b), 4.3 (Ld2¢), and 4.1 1d/2d) (Scheme 2). The KIE for théal
ties: 96% Ra), 91% Rb), 92% @c), 92% d)), followed by acyla- 2apair is very high (in fact higher than the maximal value of 7.5
tion with decanoyl chloride (CHGIEt:N, DMAP, 84—96%). Minor calculated at 25C for cases without tunnelingy. This confirms
side-products are the monodeuterated esters, which could not bghe hypothesis that the benzylic hydrogen abstraction is the rate-
separated2d was prepared by a Suzuki coupling between phenyl- determining step* However, the significant variation in the
boronic acid andd,-4-Cl-2-nitrobenzyl alcohol under palladium  magnitude of the KIE with different aromatic substituents suggests

catalysis (71%), followed by acylation with decanoyl! chloride. a displacement of the position of the transition state along the
reaction coordinate and/or a change in the relative rates of the
Rl NO, R! NO, individual steps3
D;<O Ci1Hzs I:g(o CoH We have previously demonstrated a strong dependence of the
R W I R? 75 D overall reaction rate on the wavelendthlence, we measured the
°© KIE at the wavelengths of 254, 350, and 420 nm (Table 1).
fa: Ri-H, Ri=H 2a:R'=H, R%=H To our surprise, a very strong dependence was observed for the
1b : R'=OMe, R>=OMe 2b : R'=OMe, R2=OMe surprise, Yy g daep '
1c: R'=Cl, R%=H 2¢ : R1=Cl, R2=H la/2a pair. The same trend was also found fav2c, albeit to a
1d: R'=Ph, R?%=H 2d :R'=Ph, R%H smaller extent. On the other hand, it was almost absenttish
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Scheme 3. Site Differentiation Using the Isotope Effect.
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Table 1. Wavelength-Dependence of the Isotope Effect
y) kulkp 1a/2a kulkp 1b/2b kulko 1c/2c ku/kp 1d/2d
254 3.8 3.0 3.1 3.6
350 5.8 3.0 4.2 4.2
420 8.3 3.3 4.3 4.1

and 1d/2d. A comparison of superimposable WJVis spectra for
the protic and deuterated series rules out differential absortion.

modulated lability has already been successfully applied in solid-
phase peptide synthedf?°

These experiments show unambiguously that the successful use
of the KIE in classical organic synthesis can also be extended to
photochemical reactions and that careful selection of the irradiation
wavelength is an additional handle to control the outcome of a
reaction. We also established experimental evidence for the
importance of higher excited states in an apparently well-understood
reaction. This is of highest importance for the development of
wavelength-selective photochemical reactions, where the kinetic and
spectroscopic parameters need to be optimized separately. Further
studies in the exact mechanism by flash photolysis and in the
synthetic applications are currently underway.

Acknowledgment. The financial support of the Swiss National
Science Foundation (Grant 620-066063) is gratefully acknowledged.

Supporting Information Available: Selected experimental pro-
cedures and isotope effect measurements, equations used to calculate

These results could suggest that the position of the transition the KIE, and UV spectra ota/2a (PDF). This material is available
state or the conical intersection along the reaction coordinates and/Te€ Of charge via the Internet at http://pubs.acs.org.

or the activation energy is wavelength-dependent. This explanation
is not reasonable, since the wavelength of the incident light is an
externalfactor, which should alter neither the molecular shape nor
the properties. On the other hand, one could considersthatal
energy surfaces are involved. However, photochemical and pho-
tophysical (e.g., fluorescence) processes usually occur from the first
excited state (either singlet 8r triplet T,), regardless of the initial
excitation. This is known as th€asharule and is the consequence

of very fast internal conversion. The implication of a higher excited
state would represent a violation of this rdife.

Irradiation at 420 nm furnishes just enough energy to reach the
S, state, from which the reaction occurs with an intrinsically large
kinetic isotope effect. Excitation at 254 nm populates a higher
energy surface @ where the shape of the energy surface state is
different and shows a smaller KIE. This would be possible only if
the chemical reaction is faster than the relaxation. This hypothesis
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