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Preface

It is now more than 13 years ago that the second edition of A. Schon-
berg’s “Preparative Organic Photochemistry’’ appeared, a work representing
a thorough compilation of photochemical reactions of preparative concern
to the organic chemist.

Research in organic photochemistry over this period has not only produced
a vast accumulation of factual knowledge, but the understanding of how
these reactions proceed has also dramatically increased. The high rate of
development in synthetic applications of photochemical reactions has — at
least in part — only become possible due to this theoretical and mechanistic
know-how. Organic photochemistry is today a multidisciplinary field itself.

It is not the purpose of this book to be a supplement to the earlier
work bearing the same title. The intent is to demonstrate the usefulness of
organic photochemical reactions as powerful tools in organic synthesis. In
contrast to the preceding monograph, an exhaustive compilation of all pre-
parative applications of photochemical reactions has become virtually im-
possible in this vigorously expanding field. I have therefore tried to select
the (subjectively) most representative examples of synthetic utile reactions
with a strong preference for more recent publications and reviews. In this
context the literature was covered up to June 1981.

Hamburg, November 1981 P. Margaretha
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1 Introduction

1 Introduction

1.1 Photochemistry

Chemical reactions can be differentiated fundamentally by describing the
electronic configuration of the reactive species itself. On the one side
there are species with unoccupied antibonding orbitals (ground-state mole-
cules, radical cations), on the other side we deal with species with occupied
antibonding orbitals (radical anions, excited molecules). While radical
cations and radical anions are usually generated by electron transfer from
or to the ground state molecule, the excited species is formed by promotion
of an electron from a bonding or a nonbonding orbital to an antibonding
orbital (Fig. 1).

'E
I I
antibonding
e | s s ¥ i
| |
| orbitals _ I_ _ _ ' _ _
I I
I |
-8 84— 88 =
nonbonding | |
& bondi
neine -8 | = == | =.
ground state radical | excited
mel- ki wnloe mol-  Rig, 1. Electronic configuration of inter-
mediates obtained by electron transfer
or by excitation




1.2 Generation of Excited Molecules

Excitation of organic molecules is usually achieved with visible or ultra-
violet light (A = 750-200 nm) corresponding to a difference in energies
between the excited state of a molecule and its ground state of about
40-145 kcal/mole. As the excited state is created directly by absorption of a
light quantum ground state reactions from higher vibrational levels, e.g.
bond breaking, are avoided although the amount of energy would be largely
sufficient for such a process to occur. The excited molecule posesses the
intrinsic tendency of either liberating this excess energy or of undergoing
chemical reactions. Photochemistry therefore deals with chemical changes
undergone by such excited molecules while the purely physical processes of
setting this excess energy free give back the molecule in its ground state.
Radiation chemistry has to do with the effects of more energetic radiation
(A < 150 nm) and although related to photochemistry, is traditionally dealt
with separately.

Photochemistry as topic is covered in several introductory textbooks
101-107) The annual literature is surveyed in a specialist periodical report %%
Two series of monographs have to do with selected chapters from organic
photochemistry '° or photochemistry in general ''?. A series on molecular
rearrangements also covers photochemical reactions 'V,

1.2 Generation of Excited Molecules

The excited states of a molecule are characterized by their multiplicity
(usually singlet or triplet states) and by the difference in energy between
the excited state itself and the ground state (Fig. 2).

While in the thermal or electrochemical activation of a molecule the
energy is transfered in a continuous way, photochemical activation is inso-
far unique as it occurs by absorption of a photon of well defined energy.
Although there are chemical ways of generating excited states !'?, under
normal conditions a molecule can only be excited by absorption of light
of the wavelength corresponding to the energy difference between the
excited state and the ground state. This is known as Planck’s law (1.1).

b
E, — E, = hv, =,,\—c (1.1)

n

where h is Planck’s constant, v is the frequency at which absorption
occurs and c is the speed of light. The position of the absorption band is more
often expressed by the wavelength A in nanometers (1 nm = 10~° m). The

2
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antibonding | |

| orbitals

bonding

S S T. T Fig. 2. Electronic configuration of the
So 1 2 1 first two excited singlet and triplet
states

conversion of energy (kcal/mole) to the wavelength A (nm) is given by the
following expression (1.2).

2.86 x 10*

- (1.2) -

AE (kcal/mole) =

Continuous energy transfer implies, that 4 giving B at a temperature T,
(or potential E;) and giving C at a temperature T, (or potential E,),
that B will also convert to C under these ‘“‘higher energy” conditions. This
is so for all thermal or electrochemical reactions. In photochemical reac-
tions A gives B (an excited state) with light of wavelength A, and C (a higher
excited state 1'3-114) with light of shorter wavelength A,; but now B will
not give C with A, as this wavelength does not correspond to the difference
in energies between the excited states B and C (Fig. 3).

Before irradiating a compound one has therefore to know its absorption
spectrum. A typical absorption spectrum is shown in Fig. 4, affording the
following information:

a) the energy(ies) of the excited state(s) can be deduced from the wave-
length where the absorption curve ends towards longer wavelengths

b) the degree of allowedness of a transition is reflected by the intensity of the
band.



1.2 Generation of Excited Molecules
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Fig. 3. Continuous energy transfer versus discontinuous energy transfer

This intensity is expressed by the molar absorption coefficient € which can
be calculated from the (measured) absorbance A, (A = log I,/I) via the well
known equation of Lambert & Beer (1.3), wherein c is the concentration
(mole/l) and d is the optical path length of the cell (in cm).

A=¢-c-d (1.3)

in c5H|2

400 500

Fig. 4. UV.-absorption spectrum of phenylazocyclohexene in cyclohexane as solvent
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1 Introduction

While for thermal reactions one usually does not correlate the energy
input with the amount of product formed, electrochemists and photo-
chemists are certainly more “‘energy-minded”. The first ones use the current
yield to define the amount of product formed per electrons consumed. The
latter ones use the so called quantum yield ® which is defined as the ratio
of number of molecules undergoing a particular process from an excited state
over moles of photons absorbed by the system, or in other words, the
ratio of the rate constant for the process defined over the sum of all
rate constants for all possible processes from this excited state (1.4). Thus,
if for every photon absorbed, a molecule undergoes only one chemical
process, the quantum yield for this process is unity; if other processes
compete it will be less than unity.

— kx
Ko+ ky + ... + k,

»

(1.4)

X

For the conversion of the molecule 4B to the Product P the quantum yield
® for the formation of P corresponds to the number of molecules P
formed over the number of light quanta absorbed by 4B. For such a reaction
one should not correlate quantum yield and chemical yield. In (1.5) an
example of a reaction is given where the quantum yield of product formation
is very low although the chemical yield is high. In (1.6) the chemical yield
is zero although the photochemical step itself is highly efficient. In this
latter case the thermolabile intermediate 4B’ can obviously be trapped before
reconverting to starting material, or the formation of P can be favoured by
running the reaction at low temperature.

AB ™, (4B)* 2220, p (1.5)
gl q.y. = 0.01
cy. = 100-/.
AB hv (AB)* ®=1.0 AB' 0°/. P (1.6)
P e qy. =10
100°/. cy. =0



1.3 Excited Molecules — Physical Processes

1.3 Excited Molecules — Physical Processes

By absorption of light a molecule is promoted to a higher electronic state. The
monomolecular physical processes for the dissipation of the excess energy are
outlined in Fig. 5 in a so called Jablonski diagramm. In principle one has
to differentiate between radiative and non-radiative deactivation on the
one side and on the other side one has to consider if the multiplicity
of the system is conserved or not. Radiative deactivation, i.e. deactivation
accompanied by emission of light, is termed

fluorescence if the transition occurs with spin conservation and
phosphorescence, if spin inversion occurs.

E
— wil
S IC IsC
vr
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vr
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°

Fig. 5. Jablonski diagram
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The radiationless transition between two states of same spin is called
internal conversion, the one occuring with inversion of spin being termed
intersystem crossing. In both processes the excess energy is liberated as heat.
All these transitions between different electronic states are customarily pre-
ceded by vibrational relaxation, i.e. the deactivation from a higher vibronic
level to the v,y-level of the same electronic state (Fig. 5).

As shown in Fig. 6, there is a correlation between absorption spectrum
and emission spectrum. Taking into consideration the Franck-Condon prin-
ciple, which states that there is no motion of the atoms during an electronic
transition, one has to differentiate between the two following possibilities:
in the one the geometry of the excited state is similar to the one of the ground
state (same interatomic distances),
in the other one the geometries are different (usually the distances be-
tween the atoms become larger in the excited state).

In the first case the so called 0—O0 transition will be the most prob-
able one, both for absorption and emission, and therefore the most intense

N\ /s [/
\ (] 0
- [ Py 4
0-0 0-0

- Fig. 6. Correlation between
Vo a A G absorption and emission
‘ . XN (fluorescence) spectrum




