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Abstract

The UV photolysis of acetonitrile solutions ofBalobenzanilide were followed by UV-spectroscopy, HPLC and time resolved laser flash
photolysis. The chemical yields of the major products produced from the irradiation with medium pressure Hg-lamp were measured. The
chemical yields of the photosubstitution product ranged from 3 to 45% (the yield was 3% when the starting material was a solution of
2'-chlorobenzanilide in CECN and was 45% when the starting material was a solutiof+bf@mobenzanilide in 10% 1 mol NaOH:GEN).

The quantum yield measurements of the photoproducts were carried opind\N3 atmosphere in the presence and absence of OH ions.

The results showed an enhancement in the yield of the photosubstituted product in the presence of OH ions and in switching from chloro- tc
bromo-substituent. The presence gfl@vered the yield of photosubstitution and photoreduction products. Time resolved studies showed two
peaks, one appeared at 395 nm and the second centred around 315 nm. These two peaks were identical in bothhzdalesrafadilides
(halo=Cl or Br).

© 2004 Elsevier B.V. All rights reserved.

Keywords: Photosubstitution; Photoreductiori:i2alobenzanilides

1. Introduction are formed1,26,27] The second mechanism is the electron
transfer mechanism in which the electron donor reacts with

The photochemistry of aryl halidgk-7]and benzanilides  singlet excited aryl halides to form a radical anion that dis-

[8—-19]has received great attention due to their values of pro- sociates to form an aryl radical and a halide [@8-30}

ducing several useful compounds. These compounds haveThe dissociation of the carbon—halogen bond may take place

interesting applications in different fields; such as medicine, either from the higher vibronic energy levels of the lowest

industries, and material scienci9-23] Photocyclization excited stat¢31] or from the higher electronic states that can

is one of the promising methods of producing important be populated by photolysis at the absorption maximum of the

cyclic compunds. When aryl halides are photolysed in aro- haloarene$9,31].

matic solvents; the reaction of the primary photoproductleads The present investigation on the photoproducts ef 2

to arylation products. While, when the photoreaction is car- halobenzanilide was to elucidate the mechanisms of the for-

ried in hydrogen donor solvents reductive dehalogenation, mation of these products during the irradiation process using

nucleophilic photosubstitution and inter and intramolecular both conventional and time resolving techniques.

arylation reactions were observ§ed,25] There are two

mechanisms suggested for the carbon—halogen bond cleav-

age. The first mechanism is the homolytic dissociation of the 2. Materials and methods

carbon—halogen bond in which the halogen and aryl radicals

2.1. Materials
* Present address: NON, NA, 13 Carlton Road, Salford M6 7EW, UK. L . L
Tel.: +44 788 1967157. HPLC grade acetonitrile (J.T. Backer) and triple-distilled
E-mail addressmais250196@yahoo.com. water were used all throughout this work. Cyclohexane,

1010-6030/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jphotochem.2004.12.013
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ethylacetaten-hexane, ethanol and methanol (Fisher scien- 4’-amino-3-bromobenzophenon&),( 2'-bromobenzanilide
tific, HPLC grade) were used. Other chemical reagents such(recovered), 2-phenyl-1,3-benzoxazo® é&nd 2-amino-3-

as haloanilines, benzoylchloride, sodium hydroxide and mer- bromobenzophenond) respectively cheme 1 Identical

curic acetate were analytical grade. They were used withoutphotoproducts were also obtained and separated when the

any further treatment.

2.2. Preparation of 2halobenzanilide (halo = H, ClI,
and Br)

2.2.1. General procedure for the synthesis of
2'-halobenzanilide

solution of 2-bromobenzanilide was photolysed in 400 ml
acetonitrile:100 ml 1 M aqueous NaOH.

2.3.2. Photoreaction of Zhlorobenzanilide

When 2-chlorobenzanilide (1.0mmole, 0.24gm) in
500ml of CHCN (or in 400 ml acetonitrile:100ml 1M
aqueous NaOH) was photolysed with medium pressure

The desired 2-haloaniline (0.02 mol) was stirred in 20ml mercury lamp for 4.00 h. The same products as with the 2
of pyridine and one equivalent of benzoyl chloride (2.8 9, bromobenzanilide were separated and identified.
0.02 mol) was added drop wise at ice-bath temperature. The The HPLC analysis of the photoproducts revealed the for-
mixture was stirred in ice-bath for 2 h and in room tempera- mation of five analogical major products corresponding to
ture for 3h. When 250 ml of water was added, a white solid those formed in photolysis of bromobenzanilide.

was precipitated. The resulting solid was isolated and dried

overnight at 55C.

2.2.1.1. 2-Chlorobenzanilide.Yield 66%; mp (crys-
talised from n-hexane) 100-10Z (lit. value
103.5°C) [32]; UV (Amax Iin acetonitrile) 260nm

(e260=1.2x 10°dm®*mol~tecm™1); IR (KBr) 3225,
3059, 1653 cm?; *H NMR (400 MHz, DMSO-I}) & 10.06
(s, 1H), 8.01 (dtJ=6.9, 1.5Hz, 2H), 7.60-7.54 (m, 5H),
7.40 (td,J=6.0, 1.6 Hz, 1H), 7.33 (td]=6.0, 1.5 Hz, 1H);
MS vz (rel. intensity) 233 (25, M+2) 231 (93, M), 196
(15, M*—ClI). Analytical Cal. for GsH10ONCI:C, 67.40; H,
4.35; N, 6.05. Found: C, 67.40; H, 4.37; and N, 5.97.

2.2.1.2. 2-BromobenzanilideYield 97%; mp (crys-
tallised from cyclohexane) 115-11€ (lit. value
112.5°C) [32]; UV (Amax In acetonitrilie) 259nm

(6250=8.7x 103dm*mol~tem™); IR (KBr) 3275,
3055, and 1651 cmt; 1H NMR (400 MHz, DMSO-I}) §
10.05 (s, 1H), 8.01 (d1=6.9, 1.8 Hz, 2H), 7.72 (dd,= 6.9,
1.2Hz, 1H), 7.63-7.51 (m, 4H), 7.43 (td=6.6, 1.5Hz,
1H), 7.20 (td,J=6.3, 1.5Hz, 1H); MS1z (rel. intensity)
277 (4, M'+2), 275 (3, M), 196 (26, M-Br). Analytical
Cal. for G;3H10ONBr:C, 56.55; H, 3.65; N, 5.07. Found: C,
56.61; H, 3.64; N, 4.99.

2.3. Preparative photoreaction of-Balobenzanilide
2.3.1. Photoreaction of Zoromobenzanilide

A solution of 2-bromobenzanilide (0.7 mmol, 0.20 gm)
in 500 ml of CHkCN was photolysed with medium pres-

sure mercury lamp (immersion type-450W, 110V) for 1.5h

in N2 gas at 4#C. After irradiation, the solution was dried

and the residue was dissolved in minimum amount of 1-4

mixture of ethylacetate:hexane (50 ml). The solution was
developed with ethyl acetatehexane (1-4) on a prepar-

ative TLC (20cmx 20cm glass plates, silica gel 60). Six

components whose retention factoRs-yalues) were 0.06,

The chemical yields fromib relative tola demonstrate
[33]anincrease in the yield of photoreduction and photosub-
stitution products, while the yield of photofries type products
were reduced.

2.4. Relative rate

Each 2.5 ml solution ofa (1.25x 10~* moldm~3) or 1b
(1.72x 10~*mol dm3) was photolysed in different condi-
tions (Table ) for 7 h with 2604+ 9 nm monochromatic light
(150 W Xe-lamp). The relative rate of each component was
calculated from the ratio of its HPLC peak area in different
conditions, relative to its area in acetonitrile/nitrogen.

2.5. Quantum yield

A solution of1a (2.5 ml, 1.50x 10~4mol dm3) in ace-
tonitrile purged with nitrogen (or oxygen) for 30 minin 1 cm
cuvette was irradiated with 2687 nm monochromatic light
from 150W Xe-lamp for 4 h. After irradiation, the sam-
ples were analyzed by HPLC analytical column (Rainin Mi-
crosorb MV C18, 15 cnx 2 mmii.d.). The columnwas eluted
by 25% HO:CH3CN (v/v). In order to calculate the concen-
tration of photoproducts, biphenyl was used as an internal
reference. The quantum yields were also calculated for the
solution oflain acetonitrile containing 10% by volume of
1 M aqueous NaOH.

Similarly, solutions oflb (2.5ml, 2.0x 10~* mol dm3)
wereirradiated in the same manner as mentioned above for2 h
and the concentrations of photoproducts were calculated from
the HPLC analyses using internal reference. Light intensity
was measured by ferroxalate actinomd®t]. The results
are presented imable 2

2.6. Product distribution

A solution of 2-bromobenzanilide (0.7 mmol, 0.20 gm)
in 500 ml of 10% 1 M aqueous NaOH:GBN was photol-

0.11, 0.24, 0.67, 0.73 and 0.78 were seen on the plate.ysed with medium pressure mercury lamp (immersion type-

They were identified as phenanthrido®®, penzanilide 3),

450W, 110V), the irradiation time was 1.5 h and the solution
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la: X =Cl 2 3 4a: X=Cl 5a: X=Cl 6
1b: X =Br 4b: X=Br Sb: X=Br
Scheme 1.
Table 1
Relative rate of the formations of produ@s5 in the photoreaction of zhalobenzanilides with a monochromatic light from Xe-lamp € 260+ 7 nm)
Starting material Solvent (condition) Atmosphere Relative rate
2 3 4 5
la AN N2 1.0 10 10 10
la AN (o) 0.3 0.9 81 10
la AN + NaOH N 21 05 54 0.7
1b AN N2 3.6 39 33 11
1b AN + NaOH N, 8.4 23 37 0.8
Table 2
Quantum yield of the photoproduds5 on the irradiation of 2halobenzanilides in different media
Starting material Solvent (condition) Atmosphere Quantum yielto?
2 3 4 5
la AN N2 0.42 045 011 051
la AN (o] 0.13 039 089 052
la AN + NaOH N 0.87 022 059 036
1b AN N2 153 176 036 057
1b AN + NaOH N 3.53 104 041 040

was purged with N gas during irradiation. Samples of 1 ml  photoproducts. Irradiation time up to 60 min shows a smooth
solution were collected every 10 min interval during the pho- growth of the photoproducts.

tolyses. HPLC were taken for each collected sample and the

area of different components were plotted versus irradiation 2.7. UV-absorption spectral changes upon irradiation

time (Fig. 1). It is obvious that there is no severe effect onthe time

A solution of1a (2.5ml, 1.17x 10~* mol dm3) in ace-

100- " . . . .
tonitrile purged with nitrogen for 30 min was photolysed with
0 2'-Bromobenzanilide Xe-lamp. Cut-off filter of alcohol reagent (90.5%1850H,
804 A Benzanilide 4.5% CHOH, and 5.0% iso-gH7OH by volume) was used
V¥  para-benzophenone ..
@ ophieny1.abenzoxazals to eliminate wavelengths shorter than 215 nm. The change of
*  orto-benzophenone the UV-spectra against photolysis time is showrig. 2a.
g 807 The changes of the UV-spectra against photolysis time were
§ ® also measured fdtain a solution of acetonitrile containing
2 i @ 10% of 1 M aqueous NaOH-{g. 2b). Similarly, the change
5 R of the UV-spectrum otb (2.5 ml, 1.43x 10~* mol dm3) is
o presented ifrig. 2c and d.
20 2 % 2
- A 2.8. UV-absorption and emission spectra
0 . T " T T T . The absorption spectrum of 2.5 ml of an acetonitrile solu-
0 20 | 80 100 tion of 1b (1.2 x 10-*mol dm3) in 1-cm quartz cuvette was
Photolysis time / min. measured by Jasco 500 UV spectrophotometer. The spectrum

Fig. 1. The product distribution from the irradiation ¢fl@omobenzanilide S]tlivl\\l/led & max atNZG(())Sm (SO“(;jd“r:jeFl% :2 Then, a 10@’“' ded
(1.43x 10~* mol dni~3) in 90% acetonitrile, 10% 1 M aqueous sodium hy- 0 aqueous Na was added and the spectrum recorde

droxide. again. The spectrum in basic medium showed a structureless
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Fig. 2. The change of the UV-spectra dftalobenzanilides with irradiation time. (a)-hlorobenzanilide (1.1% 10~4 mol dmi~3) in acetonitrile, (b) 2
chlorobenzanilide (1.1% 10~% moldm3) in 90% acetonitrile, 10% 1 M aqueous sodium hydroxide, (ehrdmobenzanilide (1.48 10~4moldm3) in
acetonitrile, and (d)’2bromobenzanilide (1.48 104 mol dm~3) in 90% acetonitrile, 10% 1 M aqueous sodium hydroxide (the thick lines presents the spectra

before irradiation).

band extended to 375nm (dashed lifgg. 3). When the

spectrum, which was measured in neutral solution was sub-

after 200 ns delay of a laser pulse. The spectra (if$gt:3)

showed emission peaks at 344, 400, and 488 nm, respectively.

tracted from the one measured in basic medium, a band at

305 nm appeared corresponding to the imidol anion, associ-

ated with a negative absorption at 260 nm corresponding to
the remaining amide (dotted linEig. 3).

The emission spectra of 1.2910~% mol dm2 solution
of 2’-bromobenzanilide were measured in different media

2.0

i i = CHCN
| 0 10% H,0:CH CN
O 10% ag. OH:CH CN

Intensity (a.u.)

Optical Density

0.5

0.0

T
300 400 500

Time/ s

200

Fig. 3. Absorption spectra ofbromobenzanilide (7.2& 10-> mol dm3).

(a) Acetonitrile (solid line) (b) acetonitrile, NaOH (dashed line) and (c) sub-
traction of the spectrum a from spectrum b (dotted line). Inset: the emission
spectra measured in different solvent after 200 ns of the laser pulse.

2.9. Transient absorption and decay profile

About 0.03 g of the starting materiab (or 1a) was dis-
solved in 1000 ml acetonitrile. The solution was purged with
argon and circulated through a flow-type cuvette of 1-cm
path length. The time resolved transient spedtig.(4) were
measured at different delay times after the laser flash with a
boxcar. A similar concentration was used for measuring the
decay profile Figs. 5 and pof the observed transients. The
time profiles were measured with digital storage oscilloscope
(500 MHz).

2.10. Effect of irradiation wavelengths

A 2.5ml of 1.3x 10~*mol dm2 acetonitrile solution of
1a (or 1.75x 10~4mol dm3 of 1b) was deoxygenated by
nitrogen gas (purged 30 min prior to photolysis). The deoxy-
genated solution was then photolysed with monochromatic
lightfrom Xe-lamp for 4.0 h; the photolysis wavelengths were
260+ 9 and 205t9 nm, respectively. After photolysis, the
samples were analysed by HPLC. The ratios of the area of
the corresponding peaks were presentethinle 3

2.11. Instrumentation

Melting points were measured with a Thomas Hoover
capillary melting point apparatus. The changes in the
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Fig. 4. Time resolved spectra of’-Bromobenzanilide (1.08 10~* 0.00
mol dmi~3) in acetonitrile (top) and in acetonitrile containing NaOH (bot- 1
tom): taken after us (solid thick line), 3us (solid thin line), us (dotted 00  1.0x10° 2.0x10° 3.0x10° 4.0x10°

line) and 1Qus (dashed line) after laser pulse. The effect of oxygen on the
transient measured ajk after the pulse is shown in the inset (§EN:Ar
thick, CHsCNOH:Ar dashed, and G4€NO,, dotted line).

Time/ seconds

Fig. 6. Time profile of 2-bromobenzanilide (1.08 10~ mol dm3) in ace-
tonitrile measured at 390. (a) Time/div. = @5, the smooth line is the theo-

0.25
: : ——320 nm retical fit of the experimental residue. (b) Time/div. = h.§) the smooth lin
§ ;Short-lwed fransient ____ 390 nm istr?:the%retieczl gteof tr?e :xpifiriiit(a?)residi/: of thﬁe;?op?izse?the r:sults
o 0:204 of the subtraction of the theoretical curve from experimental residue).
% — Long-lived transient
5 switched Nd:Yag laser (spectron SL803G). The pulse width
2 010 ‘ was ca. 5 ns with typical pulse energy of 55 mJ. The monitor
§ light source (collimated at the right angle of exciting beam)
< 0.05- AL was CW Xe-arc lamp (Atago Bussan co. XC-150). The moni-
AR LTS N A “WW‘]{‘U tor light was focused through the sample cellinto the entrance
0.00 1 ' slit of 320 mm Jabon—Yvon HR320 monochromator. The sig-

nals were detected with a Hamamatsu R955 photomultipler
tube, amplified by a 300 MHz preamplifier (Stanford Re-
search System SR445). The amplified signal then sampled
Fig. 5. Time profile of 2bromobenzanilide (8.2@ 10~° mol dm~3) in ace- either by a boxcar signal averger (Stanfor.d _ResearCh SySte_'m
tonitrile (time/div. = 5us) measured at: 320 nm (solid line) and 390 nm (dot- SR250) for spectral measurements or digital storage oscil-
ted line). loscope (DSO 500 MHz, Hewlett Packard HP 54503A) for
time-decay measurements. A PIN photodiode from Hama-
UV-spectrum of irradiated solution were followed and mea- matsu model S1190-13 with a rise time of about 1 ns was
sured by Jasco 500 spectrophotometer. NMR spectra wereused for the triggering of boxcar and DSO. The triggering
recorded by Brucker 400 MHz. Dynamex HPLC chromatog- signal allows for a time resolution down to 10 ns.
raphy, equipped with Microsorb MV C18 (15 cxi2 mmii.d.) The conventional light source was Xe-lamp (450 W). Al-
analytical column was used for the analysis of photoprod- cohol reagent cut off filter that eliminates the wavelength
ucts. Elementary analyses were performed on Carlo Erba E.Ashorter than 215 nm was used in 10 mm path length quartz
1180. cuvette. Monochromatic light was obtained by using applied
Inlaser flash photolysis experiments, an excitation source photophyiscs monochromator. In case of preparative syn-
266 nm was obtained from the third harmonic output of Q- thetic reactions, a medium pressure of 450 W Hanova Hg-
lamp (immersion type) was used.

0.0 1.0x10°  2.0x10° 3.0x10° 4.0x10°
Times

Table 3
The effect of the irradiation wavelength on the ratio of the photoproducts
Starting material [Product] 260/205 nm 3. Results and discussion
2 3 4 5 6 3.1. Kinetics
la 21 57 010 002 75 The steady state photoreactions were carried out for the
1b 14 52 0.14 025 34

solutions of 2-halobenzanilides (halo=Cl, Br) either with
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Xe-lamp or medium pressure Hg-lamp. In the former case, a
cut-off filter of an alcohol reagent in 1-cm cell was used. The
changes of the UV-spectra upon irradiation time were fol-
lowed. The changes in the UV-spectralaf(Fig. 2a) showed

263

occurred from lower excited states, while the photo-Fries re-
actions occurred from the higher excited states.

3.2. Laser flash photolysis

sharp isosbestic points at 228, 251, and 278 nm, respectively.

These isosbestic points were not altered on going from neutral
to the basic medidig. 2v), regardless whether the photolysis
was carried out in oxygen or nitrogen atmosphere.

When the acetonitrile solution db was photolysed, the
UV-spectral changeHig. 2c) showed only one isosbestic
point at 226 nm and the whole range of the spectrum was
increased steadily. In the presence of OH idrig.(2d), the
change of the UV-spectra db showed isosbestic points at

The absorption spectrum dfa and 1b in acetonitrile
were similar, both compounds showeég,sx at 260 nm
(e260 Of 1lais 12,000 dmMmol~tcm™1, and exgq Of 1b is
8700 dn? mol~1 cm™1). Presence of water caused no changes
in the absorption spectra, however, in the presence of NaOH
the peak intensity was lowered and the spectrum changed to
a non-structural band with a long tail extended to 375nm
(Fig. 3). Subtracting the spectrum taken in gEN solution

317 and 370 nm. Needless to say that the isosbestic point a{solid line inFig. 3) from that one taken in C¥CN:NaOH

317 nm refers to the formation of phenyl benzoxazole and
that at 370 nm refers to the formation of benzophenone. The
final spectrum of the irradiated solution Dl after~10 min
photolysis matched exactly the UV-spectrum of 2-phenyl-
1,3-benzoxazole.

The relative rates of photochemical reactions o6f 2
halobenzanilide are showniable 1 The results in the table
obviously demonstrate the influence of the living group on
the formation rate of photoproducts, as well as the effect of
reaction media. For example, the relative rate of formation
of benzanilide3 in presence of NaOH is reduced to half of
its value in pure acetonitrile (entries 1 and 3 of column 5,
Table 1), while the relative rate of formation of benzoxazole
2 in presence of NaOH is twice of its value in pure ace-
tonitrile (entries 1 and 3 of column Zable 1. Similar, the
relative rate o produced fronibis about four times higher
than that produced frorta (entries 3 and 5 of column 4,
Table ).

The quantum yield {able 2 of the formation of 2-
phenyl-1,3-benzoxazol€, benzanilide 3, 2-amino-3-X-
benzophenonel and 4-amino-3-X-benzophenorte were
determined under different experimental conditions. The
quantum yield of product? and 3 were 0.424x 103
and 0.452 1073, respectively in M-atmosphere, the cor-
responding values in presence of oxygen were 0:428~3
and 0.390« 103, respectively. The presence of OH ions pro-
duced a substantial increase in the yield of the photosubsti-
tuted produc®. The quantum yields of the photosubstituted
products formed from irradiation dawere 0.87x 10-2 and
0.42x 10-3 in the presence and absence of OH ions, respec-
tively. The corresponding quantum yields from irradiatéd
were 3.53x 1073 and 1.53x 1073, respectively.

solution (dashed line ifrig. J) resulted in a spectrum con-
sisting of a peak at 305nm and a negative absorption at
260 nm (dotted line inFig. 3). The peak at 305nm can
be assigned to the imidol anion form of benzanilide pro-
duced by hydrogen abstraction in the presence of strong
base.

The emission spectrum dfa (inset of Fig. 3) measured
in acetonitrile solutionXext=260 nm) consists of a band at
344 and a shoulder at 400 nm with a tail expanded up to
=550 nm(solid squares). The shoulder at 400 nm became
more intensive in the presence of water (open squares).
In the presence of NaOH (open circles), two relatively
intensive broad fluorescence bands were observed one at
400nm and the second appeared at 488 nm, the peak at
344nm being relatively week. Upon further irradiation,
the peak at 400 nm decreases and the one at 488 nm in-
crease. It is assumed that, the luminescence peak at 344 nm
in acetonitrile arises from the locally excited singlet state
(S1(LE)— Sp) of the keto amide IIA $cheme P and that
one at 400nm arise from the excited state of the imidol
anion IIC, respectively. In the basic medium, the lumines-
cence peak centred at 488 nm assumed to originate from
the intramolecular electron-transfer excited state that pro-
duces the enolate radical anion CTRA. Similar species was
observed and reported by pdtkl] from the irradiation of
haloarene.

The acetonitrile solution ofb was saturated with argon
free oxygen and irradiated by 266 nm laser pulse in 10 mm
path length UV-cell (1.00 I reservoir). The spectra obtained at
different delay times are presented in the top pané&ligf 4.

The spectrum measured aftepd (solid thick line) showed
broadband at 395 nm. Aftens (solid thin line); the intensity

The irradiation wavelengths also showed a drastic changeof the band decreased remarkably, then restarted to increase

in the relative rates of photoproduct®ple 3. The photore-
duction yield fromlairradiated with 260 nm is 5.7 times to
that formed from irradiation with 205 nm, photocyclization
being 7.5 times higher, whereas photosubstitution 21 times
higher. Meanwhile, the photo-Fries products were about
10-50 times higher witlia irradiated with 205 nm relative

with increasing time.

The aqueous acetonitrile solutiondf was saturated with
argon free oxygen gas in presence of sodium hydroxide.
When the sample was measured aftgs1the resulted spec-
trum (lower panel ofig. 4 showed a long tail band with a
relatively sharp peak at 315 nm. Aftep3, the peak at 315 nm

to 260 nm. The same trend has been observed in irradiationdisappeared and a new peak appeared at 395 nm. The region

of 1b (Table 3. These results suggest that the photoreduc-
tion, photocyclization and photosubstitution reactions mainly

of the spectrum below-370 nm was governed by a strong
luminescence. In arelatively longer time (@8 delay), again
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a weak signal with a maximum at305nm and a long tail  mation and the decay rates of the short-lived transient, one
was observed. The transient spectrdafshowed identical  should use a short delay time (5/div, Fig. 6a). The for-
feature of the transient spectra bb in terms of time and mation rate of the short-lived transient, which was measured
medium effect. at 320 nm was 2.7% 10°s~1 when the parent molecule was
The decay profiles at different wavelengths showed the 1a and was 5.7& 10°s~1 when the parent molecule was
same decay patterrig. 5. The profiles consist of an over-  1b and its lifetime was~1.50us regardless of the starting
lapping of more than one transient; one transient formed andmaterials.
decayed in short time and the second transient formed and The formation rate of the short-lived transient, which mea-
decayed in relatively longer time. In order to measure the for- sured at 390 nmwas 4.3810° s~ when the parent molecule
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waslaand was 5.36 10° s~1 when the parentmoleculewas ~Para-photo-Fries productsScheme Zresents the reaction
1b and its lifetime was~1.95us regardless of the starting mechanism based on the photoproduct analysis and the time
materials. resolved studies.

Fig. 6b displayed the time profile measured ip&delay The ground state absorption spectra of benzanilide were
time at 320 nm; the part of the profile that presents the short- not affected by the halo-substituent at trého-position of
lived transient was fitted with two exponential equation by the anilino ring, the maximum absorption being at about
using the formation and decay rate values that are obtained260 nm (solid lineFig. 3). In the presence of OH ions, the
from Fig. 6a, the fitting is presented by the smooth curve keto form of the amide IA is in equilibrium with the imidol
shown inFig. 6b. Subtracting the smooth curve from the anion, the maximum absorption of the imidol anion IC being
experimental residue resolved the time profile of the long- atAmax=305nm (dotted linefig. 3.
lived transient. The result of the subtraction is shown in the ~ From the absorption and the emission spectra of haloben-
inset ofFig. 6b. The fitting values of these profiles gave the zanilide Fig. 3), the energy of the first excited state of the
formation rates and the lifetimes of the observed transients amide-form was found to be 413 kJméland the energy of
as presented ifiable 4 the first excited state of the imidol anion was 354 kJmol

The formation rate of the short-lived transient at 315nm Excitation at 260 nm (476 kJmot) can bring the excited
was 2.73x 10°s~! and its lifetime was 28.8s regardless ~ Molecules to higher vibronic levels of the first excited state

of the starting materials. The formation rate of the long- Where the homolytic photodissociation of carbon—halogen
lived transient at 395 nm was 3.6210° s and its lifetime bonds can be achieved, as well as to the higher excited states.
was 29.33s for chloro- and bromo-derivatives. One would ~ Homolysis cleavage from the higher excited statg) (S
expect that the decay rate of the short-lived species mea-could also take place, but probably will be competed by
sured at 390 nmz(= 1.95us, andkg =5.42x 10° s~1) must the photo-Fries rearrangement process (see the effect of
match the formation rate of the long-lived transient at 320 nm wavelength). Benzanilide, phenanthridone, and benzoxazole
(ks =2.73x 10Ps~1), but because of the potential interfer- Yielded from the photolysis of halobenzanilide with 205 nm
ence of the absorptions of short-lived and long-lived tran- (Shorterwavelength) were quite less than that formed by pho-
sients at measured wavelengths, these values were differentlysis with 260 nm Table 3. Meanwhile, the photo-Fries
Recalculating the decay rate of the long-lived transient at type products showed an opposite trend, in which their yields

300 nm instead of 320 nm gives better inference, in which were higher when the sample was irradiated with a shorter
the decay rate was 5.3510° s 1. wavelength compared to that formed by irradiation with a

longer wavelengthTable 3. Acetone used as a sensitizer
failed to enhance the photoreactions. On the other hand, oxy-
3.3. Reaction mechanisms gen has influenced the quantum yield of photoreduction prod-
uct and photosubstitution product. The transients appeared in
The photolysis of 2halobenzanilide yielded photocy- the time resolved spectra afteps delay was quenched to-
clization, photoreduction, photosubstitution asrtho- and tally in the presence of oxygen (insetffy. 4, bottom panel).

Table 4
The lifetime and the rate of formation of detected transients
Transient Amax (NM) Starting material 7 (1s) Formation rate (3')
O, H
NN
/ < \/ \ 395 la 1.95+ 0.49 (4.78+ 0.47)x 10°
_ HQ<=) 1b (5.36+ 0.21)x 10°
phenyl
o- radical |

:
D
/

H —
phenyl
o-radical Il
Q H

e
@@ 305 1a,1b 28.80+ 6.59 (5.25+ 0.75)x 10P

H
Cyclohexadienyl!
Radical

— o X
©—<\N =) 315 1a 1.50+ 0.21 (2.71% 0.68)x 10°

1b (5.78+ 1.30)x 10°

395 1a, 1b 29.33+ 0.32 (3.02+ 0.55)x 10P

Cyclohexadienyl
Radical Anion
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Benzanilide3 and phenanthridon@were more likely to in the presence and absence of any quencher (abops}.5
be formed through a radical route, which formed from the but its intensity was reduced in the presence of oxygen and
homolytic cleavage of the carbon-halogen bond, followed enhanced in presence of NaOH. Its formation rate was also
by hydrogen abstraction from the solvent molecules in the differentwhenthe parent molecules were different. The quan-
former case and electrocyclization in the later. tum yields [Table 2 showed a reduction in the formation of

There seems to be no competition between intramolec- the photosubstituted product in the presence of oxygen. The
ular photoelectrocyclization and photoreduction processes,short-lived transient at 320 nm band was assigned to the cy-
since these two products originated from two different states, clohexadienyl radical anion CHDRA, the cyclization may be
in which the former is produced from homolytic dissocia- affected slightly by the halogen substituent as it is reflected
tion of twisted excited species and benzanilide from halogen on the rate of formation, which was 5.%810°s~1 when
cleavage in locally excited state. However, the twisted radical the halogen-substituent was bromo and was 2.70°s~1
also can react with a solvent to produce benzanilide, but thewhen the halogen was chloro-analogue. The ring closure
rate of cyclization is much faster than the rate of hydrogen takes place in a relatively short time followed by heterolytic
abstraction. Generally, the yield of the photoreduction and dissociation to form compourgland halogen anion.
electrocyclization is controlled by the conformational ratio In basic media, the yield of the photosubstitution prod-
of Z- to E-conformer in excited state&.conformer preferred  uct was increased, the intensity of the short-lived transient at
a hydrogen abstraction from the solvent to produce a reduc-320 nm was also increased (compkig. 4top/bottom pan-
tion product, while thee-conformer would accommodate a  els), butiits lifetime remained the same. Therefore, the CTRA
molecule to proceed into ring closure and to form phenan- would expect to be formed by a path involving excitation of
thridone6. The conformational change has occurred in the imidol form of benzanilide IC. The excited imidol 11C will
Si(w,m") as well as from higher excited states, in which the lead to the formation of CTRA through an electron transfer.

rotational barrier about-@N bond reducedlO]. Meanwhile, the longer-lived species buried under 320 nm
The ring photoclosure obrtho-substituted haloarenes was assigned to the cyclohexadienyl radical CHDR. A sim-
was reported for various compounds-3,7,8,11,18] 2- ilar transient was reportdd3] in the literature for the reac-

halobenzanilide irradiated in deoxygenated cycloheX8he tion of hydroxyl radical or azide radical with multifunctional
gave the corresponding phenanthridone in a yield exceed-hetercyclic molecules, the reaction is belived to lead to the
ing 70%. In high concentration solution, a hydrogen-bonded formation of cyclohexadienyl radical, its maximum absorp-
dimer is suggested to forfh2,15]and in the excited state this  tion is found at 300 nm. Also, when hydrogen atop#4],
dimer holds th&-conformation. Solvents and substituents al- hydroxyl radicalg45] or chloride radical$46] are added to
ter the ratio of these two conformations; the effect is reflected aromatic benzene, the reactions results in the formation of
ontheiryield48,35,36] Polar solvents strengthen the amide- cyclohexadienyl radical transients. The absorption spectra of
bond order and increase the rotational baf3é;37} there- the transients were reported in the range of 270-340 nm and
fore, the conformation 1A became predominant. In less polar the absorption maximum were found at 305 nm.
solvents and in hydrocarbon solvents, the conformation IIB ~ The band, which appeared in the spectrdfg( 3) at
is more favourable and therefore, the electrocyclization yield 345 nm, can be assigned to the dihalide radical anighr X
is higher than photoreductidB,18,36] Blocking the amide  This radical anion is believed to be produced from the reac-
resonance by replacing amide hydrogen with methyl group tion of halogen radical that formed from the homolytic cleav-
[8,11], or restricting the conformational change through a age of carbon—halogen bond of parent compound and the
complexatiorf9,18]leads to a high yield of photocyclization  halogen anion that formed from heterloytic cleavage of the
relative to photoreduction. carbon—halogen bond of cyclohexadinayl radical anion. So,
Another example of ring closure in photochemistry of thepresence of X~ speciesis an evidence for homolytic and
ortho-substituted haloarenes is the intramolecular photosub- heterolytic dissociation of carbon—halogen bond of haloben-
stitution reaction in which the halogen of excited haloarenes zanilide and hence is an evidence for the formation of its
is substituted by nucleophi[d,11,38—42] According to this counter phenytr-radical and cyclohexadinayl radical anion.
mechanism, the electron-transfer from the carbonyl or thio The 395-nm band was assigned to the phenyadical that
group of excited molecule to deficient halo-arene ring assistswas produced from halogen cleavage of both the twisted ben-
the heterocleavage of halogen—carbon bond. zanilide in higher excited state I1IB (short-lived transient) and
In the case under the study, the electron-transfer from thethe locally excited benzanilide I11A (long-lived transient). Di-
carbonyl group of excited imidol anion IIC to deficientanilino  halide radical anion X~ was reported47] to have an ab-
ring assists the heterolytic cleavage of halogen—carbon bond sorption maximum at 340 nm. JayanfB] in his study on
The electron-transfer leads to the formation of charge trans-the photolysis of chloroacetanilide and P§tk] in the pho-
fer excited state radical anion species (CTRA) that emits at tolysis of haloarenes have reported the observation ¢fCl
488 nm. Once CTRA is formed, it proceeds to cyclization to around 350 nm.
form cyclohexadienyl radical anion CHDRA. Photo-Fries products are formed from the intramolecu-
According to the results shown in the previous sections, lar rearrangement of the photolysed molecule. The reaction
the lifetime of the short-lived transient at 320 nm was similar paths involve either the free radical react[d@,50]and/or a
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concerted reactiofp0]. The mechanism of photo-Fries prod- photoproducts in one hand and on the other hand due to the
ucts was reported for aryl estefs1,52] in which ortho- intensive interference of the transient species. The irradiation
and para-acylphenols were produced from the irradiation time used for quantum yield measurements were quite long,
of phenyl esters, while acetanilidd9,50] typically gave butif we consider the results of the product distribution shown
ortho- andpara-acetylaniline. Many carboxylic acid deriva- in Fig. 1, where the irradiation source was non-chromatic
tives[51] under UV photolysis proceed to form photo-Fries light, the results for the quantum yield can be accepted as the
products. The photo-Fries mechanism is generally consid- proper results for the photoproducts.
ered as an intramolecular process, in whichcadleavage The study represented here highlights the possible mech-
of heteroatoms bond in the singlet excited state is followed anism, but there is a strong belief for the need of further
by in-cage recombination of the radicals. Mainly, the photo- studies that involves the careful chosing of the leaving halo-
Fries rearrangement takes placeogtho- or para-position, gen group, the substituentgara-position of both rings, the
except in few cases where meta photo-Fries have been resolvent and the wavelength effects in the photoproduct and
ported[53]. In very few examples, radical reactions out of transient formation.
the cage were observd84], for example, the irradiation
of phenyl acetate produced phenoxy radical; the phenoxy
radical that escaped from the cage can form a phgs! Acknowledgment
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