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Experimental evidence is reported for the reversible formation of the singlet diazenyl diradical (:DZ), photolytically generated from the structurally
elaborate DBH-type azoalkane. Reversiblity of the 1DZ formation manifests itself through the decrease of the photodenitrogenation quantum
yield over a ca. 40-fold viscosity variation (from 0.5 to 19.3 cP). This viscosity behavior is interpreted in terms of frictional effects on the
competitive reaction modes of the diazenyl diradical.

The mechanism of the unusual double inversion in the pentanediyl singlet diradicdDR would lead to a 1:1 mixture
photochemical denitrogenation of the bicyclic azoalkexe of theexa2 andende2 housanes (Scheme 1). Subsequently
d>-2,3-diazabicyclo[2.2.1]heptene (DBtf; 1) to afford it was reasoned that thest, excitation, usually employed
mainly (exdendoratio 75:25)exad;-bicyclo[2.1.0]pentane,
the exad,-2 housane (Scheme 1), has attracted much
attention since its discovery about 35 years agbhe
originally suggested stepwise mechanism through the singlet D\DM\ MNse . D
diazenyl diradicatDZ accounts for the double inversion in " / N _T'

t_erms of the §2 process (secqnd-qrder homolytic substitu- D hy bz N, ox0-2
tion), whereas theC,-symmetric, nitrogen-free 1,3-cyclo- D\Z{\N l
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in the photodenitrogenation of azoalkanes, should on sym-is enhanced along pathw&yversus pathwag to generate

metry grounds (SalemDaubenr-Turro theory§ generate the
1Dz diradical, in support of the stepwise extrusion of
molecular nitroged.Recent viscosity studies have confirmed
experimentally the intervention of tRBZ diradical as a bona
fide intermediaté.

Extensive computational work on the parent DBH (

the C,-symmetric'DR, diminution of the diastereoselectivity
is expected, as observed experimentally for D&H4) in
more viscous solvents. Should pathw@ype more enhanced,
the consequences would be reclosure ofghdo-axial'DZ

to the azoalkane along pathw&y which should manifest
itself in a lower quantum yield for the photodenitrogenation

provided a detailed mechanistic scenario for the photochemi-in more viscous solvents. Such a study of the dependence

cal evolution of the'DZ diradical and its subsequent
chemical transformation to the inverted housane salient
features are displayed in Scheme 2.
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On ny* excitation, the DBH {) generates initially the
exo-axial'DZ intermediate by passage through a conical
intersection. Thereafter, along pathwaymajor route), the
1DZ species carries sufficient momentum to convertake-
axial to theexo-equatoriatonformer; the latter is predestined
for N, loss to afford the inverted housaime-2 along the
S,2 trajectory. Alternatively, pathway competes to generate
the C,-symmetric'DR diradical on denitrogenation, which
cyclizes in equal amounts to thiev-2 andret-2 housanes.
The third pathwayC entails the rotational change eko-
axial to the endo-axial 'DZ diradical, with subsequent
reclosure to the azoalkank For the parent DBH 1),
pathwayC may be neglected, since the quantum yield of
DBH consumption is unity.

The above reaction scheme is consistent with viscosity

studies! in that frictional forces oppose the conformational
motion necessary for pathwadyand diminish the population
of the exo-equatorial'DZ species so that other pathways
may compete. Thus, if denitrogenation of #se-axial'DZ
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of the quantum yield of azoalkane disappearance on solvent
viscosity has not yet been conducted but should provide
valuable insight into the photodenitrogenation mechanism;
in particular, it would allow assessment of the feasibility of
reversible ring closure of théDZ diradical along the
pathway<C andD. Reversible formation of a diazenyl-radical
species has been documented for both the photdlgsid
thermolysié of acyclic azoalkanes through traditional cage-
effect studies for the intermolecular process but has yet to
be demonstrated for thatramolecular case of bicyclic
azoalkanes such as the parent DBH and derivatives.

In this work, we report the photodenitrogenation efficiency
as a function of viscosityr) in nujol—isooctane mixtures
for the parent DBH 1) and the structurally more elaborate
azoalkane3. The photolysis of the latter DBH derivative
leads to theanti-4 (retention) anagyn4 (inversion) housanes
(Scheme 3). Our results imply that the lifetimes of the

Scheme 3
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intermediary'DZ diradicals determine whether a viscosity
effect is experimentally observable.

In preliminary experiments, we examined the photodeni-
trogenation quantum yields of azoalkaBen solvents of
similar low viscosity, i.e., isooctane®( = 0.61 + 0.03),
acetonitrile (¢ = 0.68+ 0.03), and methanolf = 0.12+
0.01). These data reveal that whereas solvent polarity
(isooctane versus acetonitrile) has only a nominal effect on
the photodenitrogenation efficiency of azoalk&nbydrogen
bonding (methanol) dramatically diminishes tthevalue.
Such hydrogen-bonding effects are well-documented in
azoalkane photolysisconsequently, protic polar solvents
such as alcohols had to be avoided for the viscosity variation
in our quantum-yield studies. For this reason, we employed
nujol—isooctane mixtures, an aprotic solvent system of low
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polarity that permits a sufficiently broad change in the [ NG

viscosity of the medium. The quantum-yield data for the
photolysis of the azoalkandsand3 are given in Table 1. ® '

0.1 o =0.140 £ 0.007

0.60
Table 1. Photodenitrogenation Quantum Yields of the

Azoalkanesl and3 as a Function of Viscosity in Nujol/
Isooctane Mixtures

0.55 i
azoalkane  nujol/isooctane viscosity (n) P
(cP)
0.50 4
A 0/100 0.50 0.98
N
- 70/30 19.3 0.97 0.45 1 )
0/100 0.50 0.61
L 1 1 1
5 10 15 20
N . .
Y. 20/80 1.06 0.57 N (cP)
40/60 . . ) . . . .
241 0.55 Figure 1. Viscosity dependence of the denitrogenation quantum
3 50/50 5.10 0.52 yield in the photolysis (350 nm) of azoalkaBé6 mM); the insert
) ) displays the linearity of the experimental data according to eq 4.
65/35 11.2 0.50
70/30 19.3 0.48 the azoalkane3 under similar experimental conditions
= Photoden on dt— 350 4 20C. 2 Error + 5% of th (isooctane at room temperature) reveals K& more than
stated Sgﬁ’ugg_'""ge“a“°” h nm an S Eror oot the an order of magnitude lower thdq (®/ds = k/ks > 0.61/

0.05> 10) and may be neglected in eq 1. In regard to the
rate constant for the internal conversidat), it is expected
Whereas the quantum yield for the parent DBH is constant that a more viscous medium (less mobility), should decrease
(first two entries) over the ca. 40-fold change in viscosity this radiationless deactivatiokf).'* As becomes apparent
(higher amounts of nujol could not be used because of limited from eq 1, a decrease &fc should increase the quantum
solubility of the azoalkanes), a definite decreasedins yield, contrary to what has been obtained experimentally
observed for the azoalkargover the employed viscosity ~ (Figure 1). Thus, the observed viscosity dependence of the
range (last six entries). This viscosity dependence is clearly photodenitrogenation quantum yield does apparently not

evident in thed versusy plot in Figure 1. derive from changes in thec value in eq 1; its origin stems
The quantum yield for the photoprocess is given by mainly from the changes of the photodenitrogenation rate
constantk;.
k. For liquid-phase photodenitrogenations of azoalkakes,
¢ = m 1) decreases with viscosity); this decrease obeys the fractional-

power dependence, as expressed by € latter equation

in whichk; is the reaction photodenitrogenation rate constant,

ki is the rate constant of fluorescence, daqglis the rate k~n* 2
constant for internal conversidh.As for the viscosity
influence on the fluorescence rate const&)t this intrinsic is based on théreevolume modelin which theo. parameter

photophysical property of the excited molecule should be constitutes the characteristic fraction of the molecular volume
relatively independent of the medium. Moreover, comparison that is involved in the rearrangement process. With the

of the quantum yields of photodenitrogenatich { 0.61 neglect ofk;, eq 1 allowsk; to relate to the experimentd
(third entry in Table 1)] and fluorescenc®{ < 0.05") of
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data in the rearranged form shown in eq 3. Substitution of

Scheme 4

K
dl-1=-5 3)

N
K N N
N/ hv A N=N- §y;2
the viscosity relation of eq 2 into eq 3 and taking the . N}
2
3

logarithm leads to eq 4, in whidkc = const as explained oxo-axial 'DZ exo-squatorial 'DZ synd

—_—
anti-4

In(@ ' — 1) = const— a.In 5 (4)

‘V lc }{
/NN2
above. The double-logarithmic plot of the functidn® — 1 &'/ %(
versus viscosity gives a straight linB2(= 0.987), whose

slope takes the value = 0.140+ 0.007 (cf. insert in Figure
1). Thisa value is similar to that recently reported for the
formation of the inverted produslyn4 (o = 0.20+ 0.01)
in the photolysis of azoalkang and the thermasyn-anti
isomerization of housansyn4 (o = 0.16 £+ 0.03)* The (Table 1), although the extent of double inversion clearly
similarity of theseo. values implies that the viscosity effect depends on viscositylt should be noted in Table 1 that the
results from similar frictional impositions on the skeletal @ values for the parent DBH are nearly unity within the
inversion process, namely, the flap motion of the methylene experimental error, while those for azoalka®i@re about
bridge in the photodenitrogenation of the azoalk&rend half as large. Presumably, the denitrogenation steps for the
the thermal isomerization of housasgn4. parent DBH are so facile that the lifetime of ixo-axial

The choice of the structurally more elaborate azoalkne DZ species is too small for the viscosity dependence of the
for this study has been most fortunztén that a definite guantum yield to be experimentally accessible. This implies
viscosity dependence of the quantum yield of its photodeni- an appreciably longer lifetime for thexo-axial'DZ inter-
trogenation is observable (Figure 1). Therewith it has been mediate derived from the structurally more elaborate DBH
experimentally demonstrated that the intermedexy-axial derivative3, such that the viscosity of the medium may act
1DZ diradical may revert to the starting azoalkane (an energy- more effectively on the various transformations in Scheme
dissipating process) provided the appropriate azoalkane is4.
selected, as was the choice of the DBH-type derivaBive In summary, our study has disclosed the hitherto unprec-
For this substrate, we have previously shown that the extentedented reversible formation of the singlet diazenyl diradical
of double inversion depends on viscosity, namely, that less 'DZ in the photodenitrogenation of a DBH-type azoalkane.
syn4 housane is observed in more viscous solvénTdhis Reversibility in the'DZ formation is manifested by the
has been rationalized in terms of diminution of pathwiay =~ decrease of the photodenitrogenation quantum yield at
(Scheme 4) through frictional impediments exerted by the increasing solvent viscosity. Thus, the present study furnishes
medium, and therefore, denitrogenation along path®ésy a demonstrative example that viscosity serves as a convenient
preferred to afford increased amountsaniti-4 (retention). tool to elucidate complex reaction mechanisms.
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A point of concern is why the parent DBH does not display
a viscosity dependence in the photodenitrogenation efficiency 0L0269188
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