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In general, biphenylamines with an EDG like Me dM®behave in the same way ldgiving
both, cyclized and reduced products. On the othedhbiphenylamines containing EWi&e

Keywords CN, COOEt or CEgave only the corresponding carbazdlerein, we report for the first tir
Electron Transfer the chain length for the propagation cycle of imtodecular §n1 reactions and explaitha
Photochemical differences in the distribution of products sugggiffierences regarding the overall mechar
Arylation Reaction involved.
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1. Introduction version of reductive ET mechanisms was used for clogure

. - I systems (Scheme 3).
Aromatic nucleophilic photosubstitution has provenbe a

versatile tool in organic synthesis. The photostiigin

reactions between an aromatic substrate and a mindleaould
be achieved by several mechanisms and its classificis based
on the key intermediates involvédVhen the first step involves 6/ R /VU*
the excitation of the substrate in photosubstitutisechanisms,

the substrate in its excited state could achievedymt, for

i ould . X hv D

. S

example, by: heterolysis andyBAr "yia cation phenyl J @ \if * -
R M R

Nu

intermediaté, Sy2Ar  (addition-elimination mechanisnis) Nu

(Scheme 1) or via electron transfer process {Efong others. ‘ /
We could classify the mechanisms involving ET psses in R +

photo-oxidations (via radical cation intermediat8sheme 2) or
photo-reductions (via radical anion intermediat8sheme 3).
The oxidative ET processes are more common withtretec

Scheme 1Polar Photosubstitution Mechanisms

donating substituted aromatics in water or otheici@olvents X Nu
(unless a good nucleofugal group is present). Témulting X hv N Nul
radical cation may react with a nucleophile and tésulting |// - "* ;4‘, st

radical ends with rearomatization (Schemé& 2).reductive ET R

commonly requires the presence of donors such alsatenions, o )
amines, arenes or alkenes. Mechanisms involvingctes: ET Scheme 20xidative Electron Transfer Mechanism
processes include,@&T)Ar , radical-radical collapse gL chain

procesS or other photochemical processes. The intramaiecul
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Scheme 3Aromatic Nucleophilic Photosubstitution MechanidmysReductive Electron Transfer

The reductive ET mechanisms have been proposedhéor
synthesis of several heterocycles systems. For ghearRarket.
al proposed an intramoleculag(&T)Ar mechanism (Scheme 3)
for the synthesis of 2-pyridinylboenzoxazole fromy-(2-
halophenyl)pyridinecarboxamifleand the synthesis of 2-(4-R-
phenyl)-1,3-benzoxazole and 9-R-phenanthridin-§{éne from

2’-chloro-4-R-benzaniline The same mechanism was proposed

for the synthesis of benzoxazole[hRsoquinolin-11-one from
tetrahydroisoquinoline-1,3-diones under basic m&d@n the
other hand, indolo benzoxazoles were prepared fidifR2-
halophenyl)-indolo-carboxamidé$, and the base-catalyzed
synthesis of substituted indazoles frafj2-bromoacetophenone
N-tosylhydrazones with a catalytic amount of trahb¥-
dimethylcyclohexane-1,2-diamillevia radical-radical collapse
mechanism (Scheme 3).

An Sz\1 synthetic strategy (Scheme 3) to obtain hetetimcyc
compounds has been recently applied to the symsthefsil-
phenyl-1-oxazolinoindan  derivatives and their retht
compounds? tetracyclic isoquinoline derivativéd;a series of
substituted Bi-carbazole¥**and carboline$® pyrroles, indoles,
and pyrazole§’ pyrido[1,2a]benzimidazole$® dibenzosultams
from N-aryl-2-halobenzenesulfonamides by intramolecula€ C
photoinduced  arylatiof, or by visible-light-promoted
denitrogenative cyclization of 1,2,3,4-benzothagine-1,1-
dioxides® in addition to other heterocyé' However, studies of
photochemical and photophysical properties stithag under
script in intramolecular &1 approach.

The varied panorama illustrates that different ways could
be possible and the actual path followed, as wedifisiency of
the overall reaction, will depend on a host of fex&uch lifetime
of the singlet or triplet excited state, their redproperties,
chemical reactivity and nature of the nucleophiégf®on donor,
medium and so on. Developing a comprehensive demnaoiost
of the mechanisms involved is not simple and in ynaases
comzpzutational data appear as a supporting and eongpitary
tool.

We recently reported the intramolecular C-N bondriiog
reactions of 2'-halo-[1,1-biphenyl]-2-amines to niesize
different H-carbazoles (Scheme 4)Even the §1 reaction
was proposed to be in play, a full mechanism defsorips here
reported. In general, biphenylamines with an electionating

R EWG Q
O NH, t-BuOK, hv = O NH

EDG R = CN, COOEt, CF3

t-BuOK, hv

R=H, Me, OMe
Scheme 4.Intramolecular C-N bond forming reaction and
reduction of 2'-halo-[1,1"-biphenyl]-2-amines

Our proposal is to investigate the mechanism of phisto-
substitution from the study of experimental reacttmnditions,
photophysical properties (UV-vis, steady state #scence and
time-resolved fluorescence), photochemical stufttes quantum
yields measured) and computational data (M06-2X DFT
functional and 6-311+G* basis set). Herein, we refmrthe first
time the chain length for the propagation cyclentfamolecular
Sqnd reactions.

2. Results and Discussion

The photostimulated reaction (45 min) of 2'-chlftet'-
biphenyl]-2-aminela in the presence dfBuOK (2 equiv) as a
base in DMSO affordedt8-carbazol2a in 26% vyield and [1,1'-
biphenyl]-2-amine3a in 17% yield, with a ratio of cyclized
versus reduced products of 1.5:1 (Table 1, entryTh& reaction
was completed after 180 minutes and the ratio betvegetic
and reduced product went up to 4.4:1 (57% yiel@aand 13%
yield of 3a; entry 2). This reaction is completely suppressed
dark conditions, excluding a benzyne and other rpola
mechanisms (entry 3). The addition of 25 mol% of
dinitrobenzenen+DNB), a well-known electron acceptor, caused
46% of inhibition (14% yield oRa, entry 4). The same behavior
was observed when 50 mol% ofDNB was added (85% of
inhibition, 4% vyield of 2a, entry 5). The reduced product
followed the same tendency. Here, the inhibition was

group (EDG) like Me or OMe behave in the same way as Hproportional to the amount oftDNB used, showing that ET

giving both, cyclized and reduced products. On ttieerohand,
biphenylamines containing electron-withdrawing gro(iggvG)

like CN, COOEt or Ckgave only the corresponding carbazole.

These differences in the distribution of productsggest
differences regarding the overall mechanism invilve

processes are involved in the formation of prod@etsand 3a
and a chain process could be involvedZar

It is known that-BuO anion is a good electron dorf6iwith
the aim of determining whether the reaction wasdated by ET
from t-BuO anions to the substrate, the reaction was cartied o
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without t-BuO anions, but in the presence of NaH as a base. When 2'-chloro-5-carbonitrile-[1,1'-biphenyl]-2-amai (Lc)

Under this condition, no products were found (enjty 6

To elucidate the reaction mechanisms, the photstiution
reaction was carried out in the presence of oxyderosphere
(entry 7). In this case, produ2a was obtained in 38% yield
while reduction product3a was completely inhibited. These
results imply that the single excited state of kipylaminela
may be mainly involved in the photo-substitutioomgwct2a and
triplet state may be involved in the reduced pro®ac

Table 1. Photostimulated reactions of biphenylamiteasc
in DMSO.?

R

O O T
NH, DM SO +

X O t-BUOK, hv NH O e e x

R=H, X=ClI (1a) 2a 3a

R=H, X=Br (1b)

R=CN, X=ClI (1c) 2b 3b
Entry Biphenylamine Reaction condition Yiel;i Yiel;i

la-1¢ yield (%) of 2 of 3

1 1a, 56 45 min, k 26 17
2 1a, -- 180 min, 57 13
3 13, 84 45 min, dark - -
4 1a, 70 45 min, k, 25% moim-DNB 14
5 1a 81 45 min, h, 50% molm-DNB 4 4
6° la, 84 45 min, h, NaH -- -
7 1a, 23 45 min, k, G, 38 -
8 1b, 41 45 min, k 25 21
o I® ((ig)) and 45 min, v 47 16
10 1c, 25 15 min, k 68 -
11 1c, 8 45 min, k 90 --
12°¢ 1c, 14 45 min, k, NaH 71 7
13 1c, 93 45 min, dark - -
14¢ 1c, 96 45 min, NaH, dark - -
15 1c, 58 15 min, k1, 25% molm-DNB 33 -

& Photostimulated reactions were performed in inemoaphere (nitrogen)
with [la-d= 0.1 M and {-BuOK]= 0.2 M in DMSO. Irradiation was
conducted in a reactor equipped with two high-presdamps of model
Phillips HPI-T plus 400 W (air- and water-refrigrd), effective wavelength
irradiation longer than 350 nm.

® Determined by GC using the internal standard miktagor 5%.

¢ 2 equivalents of NaH insteaduOK was used as a base.

The photostimulated reaction proceeded with the ypsec

was used as a substrate model with a EWG, only cgatiduct
2b was obtained in 68% and 90% yield, after 15 andnéfutes
of irradiation, respectively (entries 10 and 11)likinchlorinated
substratela, photostimulated reaction of biphenyl amibe in
the presence of NaH as a base (instdadO anions) gave cyclic
product2b in 71% vyield together with 7% yield &b (entry 12).
Both reactions (with-BuOK and NaH as bases) were inhibited in
dark conditions (entries 13 and 14). Moreover, dldeition of
25% mol ofm-DNB caused 51% of inhibition (33% yield @b,
entry 15). These results indicate that arignrather thant-BuO
anion acts as a donor in the initial ET (homo-cedpledox
reaction) and this step is induced by light.

To support our initial evidence of the mechanism, we
performed different studies with steady-state antetiesolved
fluorescence. First, we studied photophysical prigeerof the
anions involved (aniona, 1b, 1¢ and3a). UV-vis absorption
spectra of the anions were measured in DMSO under N
atmospheré’ It is important to notice that both neutral aniban
absorbed in the same region for pdieéla (Figure 1A),1b/1b
and 3a/3a, with almost identical,a, but substantially changed
for 1d1c (Figure 1B).

Since the shape of the UV spectra of neutral andnaisio
almost identical, we could not determine the praporbf base
required to complete the formation of the corresjiog anion.
To solve this problem, we performed a steady-statedscence
titration with increasing amounts of bas&B@OK). The
preparation of anioia is shown as an example in Figure 1C.
During titration, the band corresponding to the raduspecies
disappearedA(,=340 - 380 nm) and a new band at a longer
wavelength was observeN (=410 - 470 nm), attributed to anion
1a. With this procedure, we determined that 10 eqfi*BuOK
were necessary to completely form aniba, 20 equiv forlc
and 50 equiv foBa.*®

Furthermore, for all the anions, emission and axoin
steady-state fluorescence spectra were acdimmd excited
singlet state energy {E) was estimated (Table 2). Relative
fluorescence quantum vyieldspd) for all anions were also
calculated using anthracene as a refef@n¢Eable 2). The
relative quantum yield for dehalogenated anBanwas greater
than those for halogenated aniotis & 1a > 1b’). For anionlc
@; was bigger than that of the other halogenated anidmich
could be related to more efficient fluorescence agefrom
excited singlet state.

Table 2. Photophysical properties for neutrab¢c and3a)
and anionsia-¢ and3a) in DMSQG

Amax@DS  Amax@bs  Amax€X®  Amaxent . @
Comp. Neutrab  Anion? Anion Anion Boo"  pnion’
la 305 305 297, 334 348, 364 84.6 0.03
297, 320, 423, 449,
1b 312 306 397,417 477 72.6 0.02
1c 284 302,348 304, 355 398, 440 77.9 0.37
3a 313 313 276, 322 408 78.8 0.96

(2'-bromo-[1,1'-biphenyl]-2-amine, 1b) under the same
conditions to yield cyclized and reduced produgés3a (25%
yield of 2a and 21% vyield of3a; entry 8) with a ratio close to
1.2:1. The competition experiment between bromo ehmidro
derivatives,1a and1b, was calculated according to eff (entry
9). We found that the bromo precursor is 1.3 timese reactive
than chloro precursor, in agreement with the reggtiorder of
an ET reaction.

Kee _ Ky _In([1a), [1a], -[1a]) @

Ke

global k, In([1b], /1], -[1b],)

& All UV-vis and fluorescence spectra were recordedNi atmosphere and
DMSO as a solvent.

PWavelength X) is given in nm.

¢ Values for E, are given in kcal.mdl and were determined from the
intersecting wavelength of the normalized excita@md emission spectra of
the anions.

9 Fluorescence quantum yieldsP{) for anions were estimated using
anthracene in EtOH®; = 0.27) as a referencé.
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Figure 2. A) Fluorescence emission spectra of arfianwith t-BuO anion as a quencher. The concentratiohadfvas fixed at 2 x
10° M; [t-BuO anion] from 18 to 122 x IOM; T = 298 K, exc = 305 nm. Both excitation and emission slits wedenfn. B) Stern-

Volmer plots forla (), 1b (_), 1c () and3a (_).

The photoinduced reductive ET could be an intramgdés or
intermolecular process (bimolecular) where the gatestin
excited state receives an electron from a corredipgndonor
(Scheme 3). If Ej, is taking place, the donor could be the
substrate (corresponding anion) or the bagguQ anion). To
reveal which donor is involved we performed a stestdye and
time-resolved fluorescence quenching study.

All anions experimented steady-state fluorescen@nching
with t-BuO anion and followed Stern—Volmer linear relationship
(eq 2);”

Iy

T =1+ Kelt—Bu0™] (2)

where § and | are fluorescence intensities (or areas)hm t
absence or presence of the quencher respectivd@yd anion]

is the concentration of quencher, ang, § the Stern—Volmer
quenching constant. As shown in Figure 2, increasing
concentrations oft-BuO anion decreases the fluorescence
intensity (or total area) of anidke, while shape and maxima of
the emission spectra remained unchanged. Thisateichat no
exciplex formation is implicated in the quenchingahanisms.
Table 3 shows the statigsiKquenching constant values.
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Figure 3. A) Stern-Volmer plots fola or 1c¢ - t-BuO anion system. B) Stern-Volmer plots fbel and1c with the corresponding

anion as a quencher (self-quenching).

Table 3. Quenching values for aniodsi, 1b, 1c and3a.

Relation Static Ksy — Dynamic Ksy- Dynamic Ksv-
Comp. [anion]/[t- t-BuO t-BuO (Mh)P Anion (MY)°
BuQ] (1M
la 9-61 (8.9+£0.3) (8.0+£0.8)x10 No quenching
1b 40-112 (8.5+0.7) - -
1c 2500 - 4500 (3.4+0.1) No quenching (1.2 £ 0%
3a 3-210 (1.73£0.03) - -

# Values obtained from linear regression ¢ Bs a function of tfBuO
anion).

P Values obtained fromy/T as a function oftfBuQO anion].

¢ Values obtained fromy/t as a function ofla] or [1c].

As observed in Figure 2B, aniohic seemed not to have
guenching process; however, at a higher concentrafio-BuO
anion (more than 2500 equiv ¢fBuO anion) subject had a
quenching with a K, of (3.4 + 0.1) x 16M™ (Table 3).

Next, we evaluated the effect 6BuO anion added to the
singlet state lifetimet() of anionsla and1c using time-resolved
fluorescence measurements. For anl@h we observed that;
changed by addition of-BuO anion (dynamic quenching),
indicating that the excited state of the biphenyfe@manionla
interacts witht-BuO anion (ET process). However, for this
anion, fluorescence lifetime remained constant bgraasing
anion concentration (Figure 3). In contrast, foioanlc, t;
remained unchanged at different concentrationsB{O anion
(in the range that steady-state fluorescence qumgctvas
performed, Figure 3A). Increasing the anion cornegion of 1c,
we observed changes m, indicating the presence of self-
quenching in the single excited state (Figure 3Bl). these
results have allowed us to conclude that we arkerptesence of
a mechanism initiated by an Ed (Ssnl mechanisms), dynamic
Ksv showing a 10magnitude order higher fdxc than forla.

In order to support the photophysical and photocébaim
phenomena observed in anidkes and1c and to understand the

nature of the ET involved in the initiation step, warried out
computational calculations. Our study was perforrfredn the
excited state of aniorsa and1c using M06-2X as functional’
6-311+G* basis set in polarized continuum model (FCRThe
study in excited state was carried out employing OPF with
the same functional and basis set.

Figure 4 shows the ground and singlet excited stitdmth
1la and 1c. It is important to notice that both anions in the
excited state (after optimization) exhibit distorts in both
dihedrals, the one that involved C-Cl experimentngending,
and the biphenyl moiety dihedral. This change incture could
be related to the changes in photo-physical prigsetietween
the ground and the excited state.

In addition to study the initiation step, we empldythe
Marcus-Hush theofy to calculate the activation free energy
(AGgr®) involved in an outer-sphere ET (eq 3)

2
o)

where AG, represents the relative free energy difference
between the reactive and products, angé the reorganization
energy (interpreted as the vertical energy diffeeehetween the
minimum of the product curve and the point where rénctant
curve overlaps with this on the potential energysaa).

A('?’rel

AGY, =

Scheme 5 summarizes the different activation freergy
AGer*. In both cases, we can find that the process isemo
endergonic from the ground state than from theteddtate (§.
Further, for aniorila, ET reaction fromt-BuO anion to excited
state of {a)* is favored than homo-coupled redox reaction
(11.52 vs 17.20 kcal.md) respectively). By contrast, for anion
1c, we found thatAGg* is slightly favored from the excited
anion (c)* rather than fromt-BuO anion (11.80 vs 12.06
kcal.mol). These results are consistent with those found in
experimental quenching (Figure 3).
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From ground state
AGer

O
R Comp.‘ (kcal.mol™)
- VR O : '
NH™+ t-BuO hy NH- T t-BuO la’ 80.82
1c 78.02

CI .

From excited state

e ]

R . R AGegT
O O Comp. | Donor | (kcal.mol?)
NH™ - DMSQ_ - NHT, o la t-BuO” 11.52
+ Donor ‘ + Donor .
Cl hv Cl la (1a’)* 17.20
O O ic t-BuO” 12.06

ic (1c) 11.80

Scheme 5Calculations of activation free ener@yGg*) for ET reactions from ground and excited stageMarcus-Hush theory

In addition, we evaluated the feasibility of diffatesteps presence of reduced produ@a) in the cyclization reaction of
(fragmentation, C-N coupling and Ed; for propagation sté’ﬂ) la. The only difference found was thB&gagmentation fOr 1C is
and hydrogen abstraction) of the proposed mechabis®FT  twice bigger tharthat forla. Moreover,1a cyclizes with lower
calculations, and aniorisi and1c were taken as representatives. activation energy thatc (6.0 kcal.mof' vs 8.3 kcal.mat). We
The main results for activation energies for alk tlsteps also analyzed the hydrogen-abstraction reactiomdysion of a
mentioned are summarized in Figure 5. The evaloatiothese discrete molecule of the solvent (DMSO), and founat tinis
activation energies leads us to conclude that tleeret major  step is higher in energy to compete with C-N coupling
difference inEac.n, Eaer Or Eagpsracionthat may account for the
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The S\l reaction is a chain mechanism, hence the overall
reactivity, as well as the quantum yield of the picid (¢g|obap,
depends on the efficiency of the initiation, progémn and
termination steps. The magnitude of the chain harq@tpmpagauoa
could be calculated by the ratio of the overallmguan yield and
the quantum yield of the initiation stef fiaion) (€0 4)>

(0]

_ global
propagation — 4
CD initiation ( )

To calculate the quantum yield of the initiatioBS{(® iniiation)
we proposed two different approximations. The firge includes
the suppression of the substitution product (cediproduct) by
the addition of a good hydrogen donor like 1,4-ofeixadiene.
In this condition the main product formed is redilipeoduct (eq
5). The second approximation involves the use phémnylamine
1d This precursor could only afford the reduced pda (eq

Chain[lLenght=®

DMSO
t-BuOK, hv

P,
o s 5

Our measurements of quantum yields were performed at

A=300 nm* For 18P umon Was calculated from both
approximations reaching a similar chain length atb@ (Table

5, entries 1-3). This was achieved since the additd 1,4-
cyclohexadiene was a good way to suppress the progiccted.
For 1c chain length was calculated; it was more than twie@ th
for 1a (P propagaion = 4.8) (Table 5, entry 6). In this case, the
propagation step could not be calculated supprgsbicyclized
product (eq 5) due to the fact that the cyclizatpocess was

more efficient forlc than forla The difference in® propagation
could be related to the fact that the turnovehefrieaction fof.c

g NH2 DMSO NH
t-BuOK, hv
2a- b 3a- b

1a orlc

was larger than forla. These results could account for the
difference in the distribution product found.
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Table 5. Quantum yields and chain length calculated forwas calculated including PCM contribution under thiate-

anionsla andlc.?

@ products
Entry Biphenylamine 4° Chain length
2 3
1 1la 28, 5.4 35 6.1
1.8
2 1a 23,0.1 35 9.4
3 1d 35, 5.4 2.1
4 1c 2b, 7.3 3b, 1.8 d
n.d.
54 1c 2h, 12.2 3b, 3.5
6 1d 3b, 1.9 4.8

@ Performed under Natmosphere, usingl§] or [1c] = 0.1 M and f-
BuOK]= 0.2 M in DMSO. Irradiation was conducted & photoreactor
(Rayonet) equipped with 10 lamps of Hg (air refriged), effective
wavelength irradiation at 300 nithe products were quantified by GC using
the internal standard method.

PFor 1a the reaction time was 45 minutes; farthe reaction time was 12
minutes.

¢ Determined akma=300 nm using Fe(lll) as actinometer.
9 In the presence of 0.5M of 1,4-cyclohexadiene.

¢ Irradiated for 45 minutes for comparison wiif

" Irradiated for 12 minutes for comparison wiit

3. Conclusions

Here, a complete mechanistic picture of the photaied ET
cyclization reaction is discussed. A comparative akedailed
study at the initiation level has allowed us to dode that ET
process involves bimolecular interactioy($), excluding ETa
mechanisms like GET)Ar* and radical-radical collapse.

The difference of photophysical properties and pbloeémical
reactivity is in agreement with the nature of thiiation step.
For anionla is proposed that ET froriBuO anion to {a)*
could be involved meanwhile folc homo-coupled redox
reaction take place. The computational data usimgkivs-Hush
from the excited state show a similar tendency tte of the
photophysical study.

Our study involves the first calculation of a chkngth in an
intramolecular g1 process finding thaflc has twice chain
length tharla. Both initiation and propagation could be involved
in favour to the formation of only one product fbe (cyclized
product3c), under {1 mechanism.

4. Experimental Section

Computational Procedure. All calculations were performed
with the Gaussian09 program. The conformers obtaiverk
refined with complete geometry optimization withire th106-2X
DFT functional and 6-311+G* basis set. The geomgttlaus
found were used as starting points for the evaloatid the
reaction profiles by using the distinguished reactcoordinate
scan. The effect of DMSO as a solvent was evaluatenigh
Tomasi’'s Polarized Continuum Model (PCM) as implated in
Gaussian09. The inclusion of the solvent in theuatons is a
requisite  for evaluating valence radical anions. e Th
characterization of stationary points was done bystdesmatrix
calculations. The energy informed for TSs, aniond &adical
anions includes zero-point corrections. The velrtieacited
singlet stated'@) of anion3a was calculated with TD-DTF, the
MO06-2X functional and the 6-311+G* basis set. Thergnef 'S

specific approach.

General Considerations. Column chromatography was
carried out on silica gel. Melting points were detigred using a
standard melting point instrument and were uncogcecGas
chromatographic analyses were performed with a flame
ionization detector, on 30 m capillary column oD&82 mm x
0.25 um film thickness, with a 5% phenylpolysiloxane phase
GC-MS analyses were performed employing a 25 m xrir2x
0.33um with a 5% phenylpolysiloxane phase colurtth.NMR
spectra and°’C NMR spectra were recorded on a 400.16 MHz in
CDCl;, Dimethyl sulfoxideds (CDsSOCD;) or acetoned,
(CDsCOCD;) as solvent with TMS as internal standard. Coupling
constants are given in Hz and chemical shifts aperted ind
values in ppm. Data are reported as follows: chdmsbift,
multiplicity (s = singlet, s br = broad singlet,=ddoublet, t =
triplet, dd = double doublet, dt = double triplétdd = double
double doublet, m = multiplet), coupling constafitz), and
integration. Copies ofH NMR and *C NMR spectra are
provided.

General Methods and Materials

Methods. Irradiation was performed in a photochemical
reactor equipped with two HPI-T 400 W lamps metaltididle
(air and water refrigerated). Irradiation for quantyield was
carried out using 10 lamps of 300 nm each in agdfw@mical
reactor (Rayonet) at room temperature (air refeagat). The
purification of the products was done by column atatography
on silica gel. Gas chromatographic analyses werargatavith a
flame-ionization detector, on 30 m capillary columha 0.32
mm x 0.25um film thickness, with a 5% phenylpolysiloxane
phase. Quantification by GC was performed by the nater
standard method. Mass spectra were performed emglayi25
m x 0.2 mm x 0.33um with a 5% phenylpolysiloxane phase
column. '"H NMR (400.16 MHz) and®*C NMR (100 MHz)
spectra were obtained in CQCbr DMSO4; as solvents.
Coupling constantsJf are given in Hz units and chemical shifts
are reported ird values in ppm. Melting points were recovered
with an Electrothermal 9100 instrument and were uected.

Materials. t-BuOK, NaH, m-DNB, TEMPO, 1.,4-
cyclohexadiene, anthracene were commercially availand
used as received from the supplier. DMSO was storeterun
molecular sieves (4 A). All solvents were analyticaldg. Silica
gel (0.063-0.200 mm) was used in column chromatdgrap

Spectroscopic measurements.All measurements were
carried out under an inert atmosphere of nitroganguartz
cuvettes, at room temperature. Solutions teBuOK were
prepared at time of use. UV-vis spectra were recoottedV-vis
spectrophotometer. Fluorescence spectra were pexfbrim a
fluorescence spectrometer. Fluorescence lifetimee measured
by the single-photon counting technique irradiativith a laser
at 340 nm. Quantum yield of fluorescence was detethfrom
the integrated emission spectra, using anthracemigeareference
following the methods reported.

Total quantum measurements® The ferrioxalate
actinometer was prepared by mixing equal volume§.02 M
ammonium ferric sulfate dodecahydrate with 0.06 gsitem
oxalate-1-hydrate both in 0.1N ,80, in the dark. After
illumination the product F& was analyzed by adding 0.5 mL of
0.1% (w/v) 1,10-phenanthroline monohydrate in 1.8 M
anhydrous sodium acetate to 3 mL of the actinomelee
absorbance of [Fe(1,10-phglAj was measured after 30 min in
the darkes;;= (5.9 + 0.3) x1& M™ cmi* for the calculation of
concentration.



Representative procedure for synthesis of 2'-halo-[1'-
biphenyl]-2-amines

The procedure for the synthesis of biphenylamihasc, d
followed previous report$®

2'-Bromo-[1,1'-biphenyl]-2-amine(1b).*® The product was
purified by column chromatography on silica geltielg with
petroleum ether/EtOAc (100:6> 95:5 %). Brown solid was
obtained in 70% yield (0.17 mg, 0.7 mmdhl NMR (400 MHz,
CDCly): 8 7.69 (dd,J = 8.0, 0.8, 1H), 7.38 (td} = 7.4, 1.2, 1H),
7.32 (dd,J = 7.6, 2.0, 1H), 7.18-7.25 (2H, m), 7.02 (dds 7.4,
1.2, 1H), 6.82 (tdJ = 7.4, 1.2, 1H), 6.77 (dd, = 8.0, 0.8, 1H),
3.52 (br.s, 2H);®*C NMR (100 MHz, CDCJ): 5 143.5, 140.0,
133.1, 131.8, 130.2, 129.2, 129.1, 127.8, 127.4.2,2118.2,
115.5. GC-MS(El) m/z249 (M'+2, 12), 247 (M, 8), 169 (14),
168 (100), 167 (79), 140 (12), 139 (16), 84 (25)(B0).

4'-Chloro-[1,1-biphenyl]-2-amine(1d).” A solution of 1-
chloro-4-iodobenzene (86 mg, 0.5 mmol),
aminophenyl)boronic acid hydrochloride (173.0 md) tamol),
Pd(PPHR),Cl, (70.2 mg, 0.1 mmol), PRH52.5 mg, 0.2 mmol)
and KCO; (552 mg, 4 mmol) in toluene:ethyl alcohol (10:4 )mL
was stirred at room temperature for 5 min,OH(2 mL) was
added, and the resulting mixture was slightly degéssealed
and stirred at 120 °C for 2 h. After being cooled remm
temperature, the mixture was extracted witfOEdr EtOAc. The
extracts were combined, dried over,8@,, and filtered. After
removal of volatile components from the filtratbe tresulting
crude product was purified by column chromatographysilica
gel eluting with pentane/EtOAc (100:6> 80:20%)). Light
yellow oil was obtained in 75% yield (153 mg, 0.75 afin'H
NMR (400.16 MHz, CDG): & 7.40-7.35 (m, 4H), 7.14 (i =
7.6, 1H), 7.06 (dJ = 7.6, 1H), 6.80 (&) = 7.6, 1H), 6.73 (dJ =
8.0, 1H), 3.68 (br.s, 2H)}*C NMR (100.62 MHz, CDG): &
143.3, 137.8, 132.9, 130.3, 130.2, 128.8, 128.16.11,2118.6,
115.6.

Representative Procedure for Photostimulated Reactien
Preparation of Carbazole Derivatives in DMSO. The
following procedure is representative of all thesactions. They
were carried out in a flame-dried Schlenk tube qogtpwith a
nitrogen inlet and magnetic stirrer at rt. To 5 L dry and
degassed DMSO under nitrogen was added 0.4 mmol ¢Ri0.e

(2-

9

crude was extracted in acid media (pH = 1S@,) with ethyl
acetate (3 x 30 mL); the combined organic layerewécarded.
The resulting aqueous phase was extracted in baeita (pH =

10, NaOH) with ethyl acetate (3 x 30 mL); washed wit K20

mL) and dried over anhydrous MggQCand the solvent was
evaporated under vacuum. The product was purified by
preparative TLC eluting with pentane/ethyl acet&@&Z %) as a
colorless liquidSpectroscopy data agreed with the literature.
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