Vol. 06

INTERNATIONAL JOURNAL OF PHOTOENERGY

2004

C-N vs. C-C Bond Photodissociation in
N-(tert-butyldiphenylmethyl)aniline

Stylianos Garas, Michael G. Siskos, and Antonios K. Zarkadis'

Department of Chemistry, University of loannina, 451 10 loannina, Greece

ABSTRACT. The direct photolysis of the title aniline compound Phy (Me3 C)C-NHPh in acetonitrile with 248 nm
laser light results in the dissociation of the C-N bond giving the corresponding (tert-Bu)diphenylmethyl
radical 1a®* and the anilino radical PhNH* detectable by ns-laser flash photolysis (LFP) and ESR spec-
troscopy. The same radical 1a* is also produced from the corresponding (tert-Bu)diphenylmethyl chloride
Phy (Me3C)C-Cl either photolytically in MeCN through C-Cl bond homolysis or pulse radiolytically in THF;
the (tert-Bu)diphenylmethyl cation is also detected, however, at sorter time scales because of its high reac-
tivity in the solvent MeCN. At higher laser pulse intensities the radical 1a°® is reexcited by a second photon
leading through electrocyclization to the 4a,4b-dihydro-9-tert-butylfluorenyl radical (DHBF*) and finally to
fluorenyl products. Product analyses of steady state photolyses using GC and GC-MS gave as principal prod-
ucts (tert-Bu)diphenylmethane, aniline and various 9-substituted fluorenyl derivatives, corroborating further
the primary C-N bond cleavage and the formation of the radicals 1a®* and PhNH*. Other conceivable dissoci-
ation pathways leading to the C-CMe3 or N-H bond rupture were not observed.

1. INTRODUCTION

The photodissociation of the benzylic bond C-X
(X = Hal, +OH2, OCOR, OR, *SRo, ~PO3H, +NR3, CR3
etc.) of molecules in solution continues to be the fo-
cus of extensive product and time-resolved spectro-
scopic [1] as well as of theoretical studies [2]. The
reason lies not only in the fundamental problem of
the competition between homolytic and heterolytic C-
X splitting [1b, 3], but also in the many-sided conse-
quences in applied photochemistry (photochromic ma-
terials, photodeprotection techniques, photoaffinity la-
bels, photoacid and photobase generation, photodegra-
dation of biomolecules and pollutants etc.). In general,
fundamental questions regarding the responsible ex-
cited states, the nature of the primary fragments (radi-
cals, ions) and their interconversion via electron trans-
fer (ET), the role of substituent effects etc. are far from
being settled [1-3].

H hv
N\ _— NH* + *CR3 (R = H, Me, Ph)
CR3

In our recent work on N-substituted anilines we
showed both experimentally [4a-4c] and theoretically
[2c], how the systematic introduction of radical stabi-
lizing substiuents R affects the photodissociation effi-
ciency of the central C-N bond, namely that the pho-
todissociation quantum yield increases in a predictable
way as the substituent stabilizing power increases [5].
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In the present paper we describe our photochemical
studies on N-(tert-butyldiphenylmethyl)benzenamine
1, and show that photodissociation of only the C-N
(and not of the C-CMe3) bond takes place, as con-
trasted to both the C-N and the C-Si bond cleavage of
the Si-analogue 2 [4a]. The work is a combination of
Laser Flash Photolysis (LFP), Pulse Radiolysis, ESR Spec-
troscopy, Fluorescence and product analysis studies.

2. EXPERIMENTAL SECTION

N-(tert-butyldiphenylmethyl)benzenamine 1 was syn-
thesized as previously described [4a]. Acetonitrile, hex-
ane, cyclohexane (Merck), and n-BuCl (Fluka) were of
spectroscopic grade.

Fluorescence measurements. Absorption spectra
were obtained with a Perkin-ElmerLamba-16 spec-
trophotometer and fluorescence spectra measurements
using a Perkin-Elmer Model LS-50B fluorescence spec-
trometer at 25 ° (corrected spectra). Fluorescence quan-
tum yields were determined by comparison with the
reported fluorescence quantum yield of aniline in cy-
clohexane at 20°C ®¢ = 0,17 (Aexc = 290-nm) [6a], and
®r = 0.11 (Aexc = 254-nm) [6b]. Fluorescence lifetime
measurements were carried out using the single-photon
counter FL900 (Edinburgh Instruments.)
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Figure 1. Absorption, fluorescence (solid lines) and fluorescence excitation (broken line) spectra of 1; in cyclohexane (right),

and in MeCN (left) at 298 K.

Photochemical experiments (product analyses).
A solution of the aniline derivative 1 (A/cm ~ 2.0
at 254-nm, concentration 0.57mM) in benzene and
MeCN purged with argon was irradiated directly
with a Philips HPK-125W medium pressure mercury
vapor lamp in special quartz cuvettes at 25°C. The
progress of the reaction was monitored by GC, and the
reaction was stopped when 1 was consumed (> 90%).
The photoproducts were analysed by GC and GC/MS
and were characterized by comparison using authen-
tic samples. Gas chromatographic analyses and separa-
tions were conducted on a Siechromat or Varian 3700,
FID gas chromatograph with a SE-54 (25 m) capillary col-
umn (Injector: 200 °C, Detector: 300 °C, column temper-
ature: 70-280°C, 8 °C/min or 10 °C/min). GC-MS analy-
ses were performed on a SSQ 700, EI instrument, using
the same conditions and columns.

Laser flash photolysis experiments. Solutions of
the corresponding substrates (A/cm ~ 1.0 at 248) were
deoxygenated by bubbling with argon and photolysed
at 25°C in a flow system (Suprasil quartz cell) using
20-ns pulses (0.3-100m]J) of 248 nm light (KrF*) from a
Lambda Physik EMG 103MSC excimer laser [4a, 4b, 4d].

Pulse radiolysis experiments. A 3-MeV Van der
Graaf electron accelerator was used as radiation source.
Dosimetry was performed with N»O-saturated 10 mM
KSCN aqueous solution taking G(OH) = 6.0 and
&seny2— = 7600dm3 mol~! cm~! at 480 nm.

ESR measurements. ESR spectra were measured on
a Varian E-109 spectrometer. The g values were deter-
mined by using DPPH as reference (g = 2.0037).

3. RESULTS AND DISCUSSION

Absorption and fluorescence spectra. Figure 1
shows the absorption, fluorescence and fluorescence

excitation spectrum of the aniline derivative 1 in cy-
clohexane (Figure 1, right) and acetonitrile (Figure 1,
left) solution. As in the case of the aniline itself, there
are two absorptions bands appeared, one at 245nm
and the other at 296 nm which can be assigned to the
11, —1A and !L,—!A transitions, respectively, (cylohex-
ane). A small red-shift is observed in the polar solvent
MeCN (249 and 298-nm, respectively), attributed to an
increase in the dipole moment upon excitation, well-
known behavior of anilines [8]. Comparison of the flu-
orescence excitation and absorption spectrum shows
that both spectra are identical concerning the absorp-
tion maxima. They show, however, a different intensity
ratio due to the decrease of the fluorescence quantum
yield when the energy of the excitation light reaches the
second absorption band [8b, 8c]. The data are summa-
rized in Table 1.

Product studies. The photoconversion of 1 is very
effective (> 90% in a few minutes), while the solution
color turned from colorless to bright red. The major
products found are depicted in Scheme 1 and identified
using gas chromatographic and GC-MS techniques (see
experimental section). The products Phy(tert-Bu)CH and
PhNH> are indicative of a primary homolytic cleavage of
the C-N bond producing the radicals PhoC* (CMe3) and
PhNH" (see also LFP experimental confirmation later).

The fluorenyl derivatives are well-known secondary
photoproducts derived from the photocyclization re-
action of steric crowded diphenylmethyl radicals like
the Ph,C*(CMe3) [4b,7,10g]. Traces of PhN=NPh are
also detected. On the other hand, no products like
Phy CH-NHPh, PhoC=NPh or Ph,CH, were found (use
of authentic samples) which would refer to a possible
C-CMes cleavage.

Transient absorption spectra. Figure 2 shows the
transient absorption spectra obtained upon 248-nm
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Table 1. Absorption and emission wavelength maxima, fluorescene lifetimes (T¢) and quantum yields (®¢).

Hexane Cyclohexane MeCN
A]’l’laX )\max A]’l’laX A]’1’]aX A]’\’laX
(nm) (nm) (X3 (fluor.) (nm) (X3 (fluor.)
(log €) (log €) nm (log €) nm
234 Po9p = 0,172 239
(3,96) 234 Pos54 = 0,11P (3,99) P90 = 0,152 330
PhNH>
287 287 Tf = 4,34 ns¢ 322 288 Tf = 3,57ns?
(3,32) (3,26)
234 235
(4,16) 242 $o99 = 0,12€ (4,30) d290 = 0,174
PhNHMe 295 295 Tf = 3,42 ns¢ 328 296 Tf = 4,6 nsd
(3,55) (3,39)
244 245 do90 = 0,038 249 d290 = 0,003
1 (4,26) (4,14) Po54 = 0,027 (4,20) $o54 = 0,003 329
295 296 Tr = 0,81 ns 328 298 T < 1ns
(3,45) (3,46) (3,40)

a Ref. [6a], ® Ref. [11b], © Ref. [11c, 11d], 4 Ref. [11e].
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Scheme 1.

LFP of a MeCN solution (5,2 x 10~*mol/lit) of 1 at
298 K under argon atmosphere. One absorption band
is observed in the region 420-550 nm with maximum
at 485nm and a shoulder at 455nm, a second broad
signal at 300-350 nm peaking up at 309 and 330nm
and a third sharp absorption at 270 nm. The band at
485nm has a lifetime of about 6 us and disappears
within 7,5 us after the pulse. The bands at 270 and
330nm remain fairly constant, while the sharp peak
at 309nm decays faster than that at 330 nm changing
thus the shape of the whole absorption band at 300-
350nm in later time windows. All the above absorp-
tion bands are quenched by oxygen ten times faster
(Kobs = 3.6 x 108s~1) than under argon. The only ex-
ception is the transient at 309 nm that is less affected
by oxygen and its sharp absorption peak appears more
pronounced (see Figure 2b). Based on the product anal-

yses described above and the reactivity against oxygen,
all these bands can be tentatively assigned to radical
species. Triplet states of aniline compounds are less
probable because they are usually quenched by oxygen
ca. 10 times faster than radical reactions (for example,
the triplet state of p-CF3-CgH4-NH-CHPh; is quenched
by oxygen with kq = 5,8 X 107 s~! [15]) and show ab-
sorptions with maxima at ca. 420-440nm [4c, 11d].
What is now the identity of these transient species?
First of all, the radicals Ph,C*(CMe3) and PhNH®
formed by the dissociation of the C-N bond are ex-
pected. The anilino radical PhNH"* is a well-studied rad-
ical [4b, 9] and shows sharp maxima at 270, 309 and a
weaker broad band at 400nm (399 = 3500M~! cm™!
and &400 = 1250M~! cm~1). Because of its low extinc-
tion coefficient PhNH® is expected to contribute lit-
tle to the transient absorption spectrum. So, we can
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Figure 3. Transient absorption spectra observed on pulse
radiolysis of a 2,3 mM solution of 1 in THF 1,5 us (o) and
7 us () after the pulse.
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Figure 2. Transient absorption spectra observed on 248 nm
laser excitation of a 0,52mM solution of 1 in CH3CN: a)
under argon atmosphere 150ns (e), 0,75 us (¢) 7,5 us (m)
after the pulse and b) under O atmosphere 130ns (o),
0,32us (¢),0,77 us (m) and 7,7 us (O) after the pulse.

with confidence assign the little sharp peak at 309 nm
to the anilino radical, a fact strengthened by the ob-
served sluggishness of this transient against O; as an
“electrophilic” radical PhNH* is known to be less reac-
tive against O, compared with carbon centered radicals
[4b, 9d-9e].

The absorption range around 330nm and the de-
cay rate constant in O is typical [4a, 10] for diphenyl-
methyl radicals, so that a good starting point is to
assign this absorption to the second expected radi-
cal PhoC*(CMe3). Decisive in this assignment is the
independent generation of this radical using two
different methods. First through reductive dissocia-
tion of the C-Cl bond of the corresponding chloride
Phy (CMe3)C-Cl using the pulse radiolysis technique,
and secondly through direct laser photolysis of the
same chloride.

Irradiation of a THF solution (saturated with argon)
of Phy(CMej3)C-Cl with 3 MeV electron pulses (400-ns
duration) gave the transient spectrum shown in Fig-
ure 3. It consists of a broad absorption maximum
in the range of 300 to 345nm with a small tail ex-

tended until 450 nm (we are unable to go to wavelengths
lower that 300 nm due to the high absorption of par-
ent compound imposed through the high concentra-
tion needed, 2.3 mM). The similarity of this spectrum to
that of Figure 2 is remarkable as far as the wavelength
region 300-350nm is considered. The standard pulse
radiolytic reactions [10a] leading to PhoC*(CMe3) are
depicted in Scheme 2.

Alternatively, the radical was produced also pho-
tolytically from Phy (CMe3)C-Cl in MeCN (under argon).
It is well known that the diarylmethyl halides un-
dergo efficient homolysis and heterolysis in acetoni-
trile to yield the corresponding radicals and cations
[4b, 10a,10d]. In Figure 4 the absorption spectrum re-
sulting from 248-nm laser photolysis of the chloride
in acetonitrile (1.1 mM) is shown. The spectrum is very
similar (i) to that produced via pulse radiolysis (Fig-
ure 3) as far as the region 290-350 nm concerns, and
(ii) to that described in Figure 2 derived from the pho-
tolysis of 1. It is evident that in all three cases we deal
with the same radical PhoC*(CMej3).

In a more detailed description, the spectra in Fig-
ure 2 (photolysis of 1) and Figure 4 (photolysis of
the chloride) contain the same bands at 270 nm, 300-
350nm and 485 nm, the only difference being, as ex-
pected, the absence in Figure 4 of the small absorption
peak at 309 nm attributed previously to the anilino rad-
ical. It seems that the peak at 270 nm and the broad ab-
sorption at 300-350nm belong to the same transient
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Figure 4. Transient absorption spectra observed on 248 nm
laser excitation of a 1,13 mM solution of Php (CMe3)C-ClL
in CH3CN; a) under argon atmosphere 110ns (e), 0,32 us
(¢) 77 us (m) after the pulse, and b) under Oy atmosphere
170ns (), 0,57 us (¢) and 7,7 us (m) after the pulse.

(Kobs = 5.1 x 10*s~1 at 325 and 272 nm, monophotonic
generation) and the band at 485 nm with the shoulder
at 455 nm corresponds to a different radical species be-
cause of its faster decay (kops = 1.5x10° s~1 at 485 nm)
and biphotonic formation. The radical character of all
of them is confirmed also by their increased reactivity
in oxygen-saturated solution, Figure 4b (kops =~ 2.3 X
109 s71). The

Ph CMes3
DHPF* DHBEF*

first species is attributed to the Ph,C*(CMes) radical
and the second at 485nm should correspond to the
4a,4b-dihydro-9-tert-butylfluorenyl radical (DHBF*) due
to its similarity to the 4a,4b-dihydro-9-phenyl-fluorenyl
radical (DHPF*) spectrum [4a]. Latter is formed through
an electrocyclization reaction caused by reexcitation of
triphenylmethyl radical by a second photon [4b], and
is a well-known property of steric hindered diphenyl-

ments were made also in a recent study concerning the
photochemistry of Ph3C-NHPh and derivatives [4b, 4c].

At this point the question regarding the nonoc-
currence of the cation PhpC* (CMe3) by the photolysis
of the chloride Phy(CMe3)C-Cl must be considered. It
is namely expected, from the experience with other
diphenylmethyl [10a] or triphenylmethyl chlorides [4b],
that both photohomolysis and photoheterolysis should
occur in polar solvents like MeCN. In Figure 4 we have
not any indication about the formation of such car-
bocationic species which would be unreactive against
oxygen. However, looking at the absorption spectrum
in a shorter time window, 30ns after the laser pulse,
an additional broad band is observed in the region of
400-450nm that disappears rapidly in MeCN (kops =
2.7x107 s7! at 433 nm), characteristic rate constants of
carbocationic species. Subtracting the remaining spec-
trum at 170ns (when the peak at ~ 430nm was to-
tally disappeared) from the spectrum at 30ns, a clear
absorption spectrum is revealed in the range of 360-
480 nm with maximum at 433 nm (see Figure 5), typ-
ical for arylmethyl carbocations [10a,10i]. We assign
this last absorption band to the missed Ph,C*(CMe3)
cation and attribute its higher reactivity, compared to
PhyC*Me (Kobs = 1.8x10% s~1 [10h]), to the higher twist-
ing of the Ph rings out of the carbocationic plane im-
posed through the bulkiness of the t-Bu group. The
twisting makes PhoC*(CMe3) unstable and therefore
more reactive towards nucleophiles [10i].

ESR spectroscopy. In our earlier work [4a] we pre-
sented ESR data of the radical PhoC*(CMe3) obtained
in the cavity of an ESR instrument through direct pho-
tolysis of 1, obviously after C-N bond cleavage took



238 Stylianos Garas et al.

Vol. 06

Figure 6. Experimental (a) ESR spectra of 1c* and (b)
computer-simulation using the coupling constants reported
in the text. The experimental spectrum was obtained after

irradiation of a solution of 1 in t-BupO» with a high pres-
sure Hg-lamp at 20 °C.

place. An alternative conceivable fragmentation, that
of the C-CMej3 bond could be excluded, because the ex-
pected fragment radical PhANH-C*Ph; gives a completely
different ESR spectrum, as we showed, generating it
through the C-Si photodissociation of the Si-analogue
compound 2 [4a].

In order to search for a possible N-H photodissoci-
ation, not uncommon in anilines [11], we generated the
aminyl radical 1c¢* by irradiation of 1 in ¢-BuzO> using
a high pressure Hg lamp (Hanau 150 W) directly in the
cavity of the ESR machine; the t-BuO*® radical formed

hv t-BupOp

O 2t-BuO* 2 t-BuOH O

S
(
:

photolytically abstracts the only one available hydro-
gen atom from the N-H group. The ESR spectrum
thus recorded is depicted in Figure 6 together with
its computer simulation. The spectrum was analyzed
in terms of a coupling constant of 9.29G (triplet)
due to the nitrogen, two triplets attributed to the p-
and o-hydrogens (7.61 and 5.53 G, respectively), and a
smaller triplet due to the two m-hydrogens (1.98 G).
The g-factor was found as 2.0044, characteristic of
N-centered radicals.

Evidently, the spectrum of 1c* is different from that
obtained by the photolysis of 1, supporting the product
analysis and LFP results presented above, i.e., it is the

Cl;/ll\i_; 81:4}813 H2N©
1c* %

%o 2 8wt

CME3

1b°®
hv hv

Ol o OO

CMe
la*® 3

DHBF*

Scheme 3.

C-N bond which primary dissociates and not the C-C or
the N-H one.

4. CONCLUSIONS

Summarizing the results, we have shown that the
photophysical properties (absorption and fluorescence
spectra) of the aniline derivative 1 are dominated by the
anilino chromophore showing comparable to the ani-
line itself absorption and emission maxima.

The photochemical behavior is pictorially summa-
rized in Scheme 3. Compound 1 undergo primarily C-
N homolysis on irradiation with 248-nm laser light in
MeCN leading to 1b* and PhNH*. The C-N bond homol-
ysis is not surprising if we consider the high excita-
tion energy localized on the anilino chromophore ei-
ther in its singlet (> 90kcal/mol) [12] or triplet state
(> 70kcal/mol) [12] and the low bond dissociation en-
thalpy (BDH) of the dissociating bond C-N; this should
be < 45kcal/mol if we consider the BDH of the C-
N bond in Ph,C(Me)-NHPh, which is estimated in the
range of 45 kcal/mol [13], and the increased steric de-
mands of the tert-Bu group in 1 compared to the Me
group in PhyC(Me)-NHPh. The weakness of this bond
favors C-N bond homolysis and competes effectively
with the dissociation of the N-H bond, which is a com-
mon photochemical property of aromatic amines [11al].
The BDH of the N-H bond in N-methylaniline, Ph(Me)N-
H, which should be not very different from that in 1, is
83.3 kcal/mol [14]. Thus, the bond scission of the N-H
bond in 1 should be very unfavorable and was not ob-
served in the LFP experiments, a fact corroborated by
the ESR studies and product analyses. The other pos-
sible pathway, a primary photoheterolysis of the C-N
bond leading to PhpC* (CMe3) should be excluded, be-
cause latter was not detected in the ns-LFP experiments.
In contrast, the cation was detected by the photolysis
of the more polar C-Cl bond in Phy (CMe3)C-Cl.
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In a second step PhpC*(CMej3) is reexcited and
forms the DHBF* radical in agreement with earlier work
done by us [4b] and others [10e, 10f, 10g] on triphenyl-
methyl and diphenylmethyl radicals. Thus, the fluo-
renyl end-products are derived from DHBF* through
typical radical H-abstraction or coupling reactions ana-
log to Ph3C*. Also in a similar way the final photoprod-
ucts PhoCH(CMe3) and PhNH> could be explained as
occurring from 1b* and PhNH".

An alternative conceivable fragmentation, that of
the weak C-CMe3 bond leading to the stabilized radi-
cals 1a°* and *CMej3 could also be excluded on the basis
of (i) the ESR data (1a°® gives a completely different ESR
spectrum [4a]), (ii) the LFP spectrum of 1a* (produced
through photolysis or radiolysis of 2 [15]) showing a
red-shifted absorption spectrum compared to 1b*, and
(iii) the nonoccurrence of photoproducts indicative of a
C-CMej3 bond cleavage, such as Pho CH-NHPh, Ph, C=NPh
or Ph,CH,. This is in contrast to the Si-analogue 2,
where both the C-N and C-Si bond fragmentations take
place [4a, 15]. The C-C bond is generally considered as a
“hard” bond and possess higher lying o * c.c antibond-
ing orbitals in respect to o *c.si. This probably makes
the population of o *c.c energetic unfavorable and ren-
ders the C-C bond resistant to photocleavage reactions,
as we recently shown theoretically [16].
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