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Abstract

The UV photolysis of 2chloro-4-R-benzanilides in acetonitrile solution under nitrogen atmosphere leads to the formation of intramolecu-
lar photocyclization products (9-R-phenanthridin-6(5)-one, 20—30%), along with the minor photoreduction, photo-Fries, and intramolecular
photosubstitution products. The photoreaction ‘e€f@oro-4-R-benzanilide in acetonitrile solution containing 10% of water or aqueous
sodium hydroxide however gives 2-(4-R-phenyl)-1,3-benzoxazole as a major pred®d®o] along with the photoreduction, photo-Fries
and intramolecular photocyclization products. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction standing chemical transformatigi5]. The transmission
of the electronic effect ofpara-substituent[16] through
The attention paid towards the photochemistry of the rich conjugated system of benzanilides will affect the
haloarenes is due to its linkage to the photochemical syn-electron density on nitrogen atom; in turn it will alter the
thetic methods for ring formatiofi—7] and photodegrada- internal conjugation in anilide§17] and rotational bar-
tion of hazardous haloaren¢®-11] Previously, we have rier about C—N bond of amidfl8,19] Electron-donating
reported about the photoreaction dftalobenzanilidg12] substituents can therefore alter the amide bond resonance
in which we reinvestigated the photochemical behavior through inductive and r= electron conjugation between
of 2'-chloro- and 2bromobenzanilide in basic and neu- the substituent and the ring. As a result, it will affect the
tral media. Our results revealed that the bromo-derivative reaction mechanism and reaction efficiency dramatically.
of benzanilide is a better candidate for the intramolecular  This paper presents our study on the effeqaf-substi-
photosubstitution and photoreduction type products, while tuent on the photoreaction products 6fcdloro-4-R-benza-
the chloro-derivative yields photo-Fries type products as a nilides, particularly on the intramolecular photosubstitution
major photoproduct. Photolysis of aryl halides in solution that leads to the formation of 2-(4-R-phenyl)-1,3-benzo-
generally involves radical intermediates through homolytic xazole, and on the intramolecular photocyclization that leads
cleavage of carbon-halogen bond. In aromatic solvents,to the formation of 9-R-phenantridin-6(5)-ongaheme L
the reaction of primary photoproduct leads to arylation
products, and in hydrogen donor solvents, the reductive
dehalogenatiorj1,13], nucleophilic photosubstitution, and 2. Experimental
inter- and intramolecular arylation reactions were observed
[14]. On the other hand, the studies of the substituent ef- 2.1. General
fect and its connection to structure-activity relationship lie
in the core of many scientific efforts made towards under- HPLC grade acetonitrile (J.T. Backer) and triple dis-
tilled water were used throughout this work. Cyclohexane,
* Corresponding author. Present address: Department of Chemistry, ethyl acetate n-hexane, ethanol, methanol (Fisher scien-
Kyung Hee University, #1 Hoeki-dong, Dongdaemoon-Gu, Seoul 130-701, tific, HPLC grade) were used. Other chemical reagents such

South Korea. Tel.:+-82-2-961-0298; fax:+82-2-969-3467. i . ! .
E-mail address mayouf@khu.ac.kr (A.M. Mayour). as haloanilines, substituted benzoyl chloride and sodium

1 permanent address: Laser Research Center, Libyan National Academynydroxide were of analytical grade and used without any
of Science, P.O. Box 84301, Tripoli, Libya. further treatment.
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Scheme 1.

The UV absorption change was measured for 2.5ml

aliquots of proper concentrations (absorbance over 1.0) of

2.2.1. 2’-Chlorobenzanilide (C13H10CINO) (1a)
Yield 66%; m.p. (crystallized from-hexane) 100-102C

the haloarene in 1cm quartz cuvette. The solutions were (lit. value 103.5C) [20]. UV (Amax in acetonitrile) 260 nm

purged with nitrogen gas prior to irradiation, the irradiation
were performed with Xe-lamp. Cut off filter of 1 cm path

of alcohol reagent was used to filtrate light shorter than
215nm.

Preparative photoreactions were performed in quartz im-

mersion wall photolysis reactor, the light source used for
irradiation was of medium pressure Hg-lamp (450 W) op-

erated at 110 V. Nitrogen gas was circulated prior and dur-
ing irradiation, and the reaction temperature was kept at

~4°C.

Melting points were measured on a Thomas Hoover cap-

illary melting point apparatus. UV-Vis absorption spectra

were recorded on JASCO UV-530 spectrophotometer. In-

(6260 = 1.2 x 10*dm® mol~tcm™1). IR (KBr) 3225, 3059,
1653 cnrt. 'H-NMR (DMSO-Dg): § 10.06 (s, 1H), 8.01 (dt,

J = 6.9, 1.5Hz, 2H), 7.60-7.54 (m, 5H), 7.40 (td,= 6.0,

1.6 Hz, 1H), 7.33ppm (td/ = 6.0, 1.5Hz, 1H). MSm/z
(relative intensity): 233 (25, M + 2) 231 (93, M"), 196
(15, MT—CI). Analytically calculated for gH1oCINO: C,
67.40%; H, 4.35%; N, 6.05%. Found: C, 67.40%; H, 4.37%
and N, 5.97%.

2.2.2. 2'-Chloro-4-methylbenzanilide (C14H12CINO) (1b)
Yield: 92%; m.p. (crystallized fronm-hexane) 93—-95C.

UV (Amax in acetonitrile) 261 nmebgr = 1.5 x 10*dm?

mol~tcm™1), 235nm €235 = 1.5 x 10*dm®mol~1cm™1).

frared spectra (KBr) were recorded on Mattson Galax seriesIR (KBr) 3286.6, 3034.2, and 1651.2cth H-NMR

7020 Nicolet Magna 550 FT-IR spectrophotometét.and

13C-NMR spectra were recorded on Brucker 400 spectrom-

eter in DMSO-I solvent with TMS as an internal stan-

(DMSO-Dg): 6 9.95 (s, 1H), 7.92—-7.89 (df, = 8.1, 2.1 Hz,
2H), 7.61-7.58 (ddJ = 7.8, 1.5Hz, 1H), 7.57-7.54 (dd,
J = 7.8, 1.5Hz, 1H), 7.41-7.26 (m, 4H) and 2.39 ppm

dard. Mass spectra were obtained using a HP 5989A masgs, 3H). 13C-NMR (DMSO-Ds) 165.25, 141.92, 135.16,
spectrometer hyphenated to HP 5890 series Il gas chro-131.14, 129.54, 129.44, 129.05, 128.41, 127.73, 127.45,
matography. Elementary analyses were carried on an ele-127.38 and 21.04 ppm. M®V/z (relative intensity): 247 (1,

mental analysis Carlo Erba CHNS-O E.A. 1180. Dynamex
HPLC chromatography, equipped with Microsorb MV C18
(15 cmx 2 mm i.d.) analytical column was used for the anal-
yses of photoproducts.

2.2. General procedure for the synthesis
of 2'-halo-4-R-benzanilide

2-Chloroaniline (2.55 g, 0.02 mol) was stirred in 20 ml of
pyridine and 1 equiv. of 4-R-benzoyl chloride (0.02 mol) was
added slowly drop by drop at®@. The mixture was stirred
in ice bath for 2h and in room temperature for 3h. When
250 ml of water was added, a white solid was precipitated.
The resulting solid was isolated typically in >65% yield.

M™T +2), 246 (0.74, Nt + 2 — 1), 245 (4, M"), 244 (1.0,
M+ —1), 212 (3.2, M—Cl), 210 (20), 119 (100, §H70"),

91 (69, GHgN™), 77 (2, GHs™), 65 (73), 63 (40) and 51
(11). Analytically calculated for €H12CINO: C, 68.44%;
H, 4.92%; N, 5.70%. Found: C, 68.13%; H, 4.94%; N,
5.69%.

2.2.3. 2’-Chloro-4-methoxybenzanilide (C14H12CINOy)
(1c)

Yield 85%; m.p. (crystallized from-hexane) 143—-14%C
(lit. value 145-146C) [21]. UV (Amax in acetonitrile)
Amax = 267nm €267 2.0 x 10*dm*mol~tcm1).
IR (KBr): 3285, 3034, 2839 and 1646 crh 'H-NMR
(DMSO-Dg): § 9.88 (s, 1H), 7.97 (dJ = 6.4Hz, 2H),
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7.61-7.57 (ddJ = 8.4, 2.2Hz, 1H), 7.57-7.53 (dd] =
8.4, 2.2Hz, 1H), 7.38 (td/ = 8.2, 2.1Hz, 1H), 7.31-7.25
(td, J = 8.0, 2.2Hz, 1H), 7.07 (d/ = 6.4Hz, 2H) and
3.97 ppm (s, 3H)13C-NMR (DMSO-Ds) 164.76, 162.09,

117

2H), 7.42-7.38 (m, 4H) and 2.40 ppm (s, 3HC-NMR
(DMSO-Dg): § 168.02, 155.72, 147.73, 147.15, 135.54,
135.41, 132.82, 130.33, 129.29, 125.29, 116.46 and
26.74 ppm. MS/z (relative intensity): 210 (11), 209 (100,

135.26, 129.63, 129.50, 129.40, 128.41, 127.42, 127.25,M+), 180 (4), 116 (5, @HsNO¥), 105 (9, GH4NO™), 91

126.03, 113.72 and 55.46 ppm. M8z (relative intensity):
263 (1, Mt + 2), 261 (3, M"), 226 (10, M —Cl), 135
(100, GH;O,T), 107 (10, GHeO™), 92 (25, GHsN™),
77 (36, GHs™) and 64 (26). Analytically calculated for
C14H12CINO,: C, 64.25%; H, 4.62%; N, 5.35%. Found C,
64.51%; H, 4.63%; N, 5.27%.

2.3. Preparative photoreaction

2.3.1. Photoreaction of 2'-chloro-4-methylbenzanilide

To a large quartz immersion wall photolysis unit with
provision for circulation of nitrogen was added 500 ml
of acetonitrile (in another experiment 400 ml acetoni-
trile:100 ml H,O or 400 ml acetonitrile:100 ml of 1 M aque-
ous NaOH) and 0.7 mmol of Zhloro-4-methylbenzanilide
(1b). With nitrogen circulation, the solution was irra-
diated with a 450W mercury lamp (medium pressure,
110V) at 4°C for 3h. After evaporation of the sol-
vent, preparative TLC developed hyhexane/ethyl ac-

(36, GH;™), 77 (11), 64 (45), 63 (93) and 51 (25). Ana-
Iytically calculated for G4H11NO: C, 80.36%; H, 5.30%;
N,6.69%. Found C, 80.10%; H, 5.46%; N, 6.50%.

2.3.1.3. 9-Methylphenanthridin-6(5)-one (C14H11NO) (4b).
Yield 34% (CHCN), 7% (CHCN:NaOH); m.p. (crys-
tallized from n-hexane) 267-269C. UV (Amax in ace-
tonitrile) 334nm €334 8.8 x 10°dm®mol~tcm1),
320nm €320 9.8 x 103dm*mol~tcm1), 308nm
(e308 = 7.5 x 100dm*mol~tcm™1), 270nm €x79 =
1.3 x 10¢dm*mol~tcm™1), 261nm ¢z 2.0 x
10*dm® mol~tecm1), 252 nm €252 = 1.9x 10* dm® mol~?1
cm 1), 239 nm €239 = 6.5x 10* dm*mol~1cm™1), 233 nm
(6233 = 6.0 x 10* dm® mol~1cm™1). IR (KBr): 3441, 3007,
2884 and 1670cm'. 'H-NMR (DMSO-Dg): § 11.56 (s,
1H), 8.29-8.16 (m, 3H), 7.41-7.32 (m, 4H), 2.49ppm
(s, 3H). 13C-NMR (DMSO-Ds) 160.83, 143.01, 136.72,
134.24, 129.44, 129.16, 127.47, 123.30, 123.19, 122.50,
122.14, 117.52, 116.06, 21.54 ppm. M# (relative inten-

etate (3:1) gave six components. They were identified assity): 210 (13), 209 (100, M), 181 (3, MF—CO), 180 (16),

9-methylphenanthridin-6(5)-onellf), 4-methylbenzanilide
(2b), 4'-amino-3-chloro-4-methylbenzophenone (yellow
color) (6b), 2'-chloro-4-methylbenzanilide (recoveredpy,
2'-amino-3-chloro-4-methylbenzophenone (yellow color)

(5b) and 2-(4-methylphenyl)-1,3-benzoxazole, respectively 2.3.1.4. 2’-Amino-3'-chloro-4-methylbenzophenone

(3b).

2.3.1.1. 4-Methylbenzanilide (C14H13NO) (2b). Yield

3.5% (CHCN), 8.4% (CHCN:NaOH); m.p. (crystallized
from n-hexane) 134C. UV (Amax in acetonitrile) 265 nm
(8265 = 16 x 1O4dm3moI*1cm*1), 237nm é237 =

1.3 x 103dm® mol~tcm™1). IR (KBr): 3352, 3057, 2916
and 1649cm!. 'H-NMR (DMSO-Dg): § 10.25 (s, 1H),
7.87 (d,J = 8.0Hz, 2H), 7.77 (dJ = 8.0Hz, 2H), 7.34
(t, J = 8.0Hz, 4H), 7.09 (t,J = 7.3Hz, 1 H), 2.38 ppm
(s, 3H). 13C-NMR (DMSO-Ds) 163.52, 163.44, 139.71,

152 (4), 105 (6), 91 (5), 90 (20), 76 (25), 63 (28) and 51
(15). Analytically calculated for &H;1NO: C, 80.36%; H,
5.30%; N, 6.69%. Found C, 80.22%; H, 5.28%; N, 6.68%.

(C14
H12CINO) (5b).  Yield 1% (CHsCN), 7% (CH,CN:NaOH);
m.p. (crystallized fromn-hexane) 68C. UV (Amax in
CHsCN) 370nm €370 3.2 x 103dm*mol~tecm1),
262nm €262 = 7.1 x 103dm3*mol~1cm™1) and 233nm
(6233 = 1.1 x 10* dm® mol~tcm1). IR (KBr): 3422, 3318,
2926, 2855 and 1728 cmh. 1H-NMR (DMSO-Dg): § 7.48
(m, 3H), 7.26 (m, 3H), 6.87 (s, 2H), 6.56 (m, 1H), 2.24 ppm
(s, 3H). MS m/z (relative intensity): 247 (10, M + 2),
246 (18, MF + 1). 245 (33, M), 244 (43, Mt + 1), 232
(11, MT + 2-CHg), 230 (24, M'—CHg), 153 (9), 119 (22,
CgH70™), 91 (62, GH;™), 65 (100). Analytically calcu-

137.42, 137.32, 130.27, 130.23, 127.07, 126.74, 125.86,lated for G4H12CINO: C, 68.44%; H, 4.92%; N, 5.70%.

121.71, 118.54, 118.43, 19.18 ppm. M# (relative inten-
sity): 212 (6, MH"), 211 (38, M"), 119 (80, GH,O™), 91

(78, GsHsN™), 77 (5, GHs™), 65 (100) and 51 (24). An-
alytically calculated for @4H13NO: C, 79.59%; H, 6.20%;
N, 6.63%. Found C, 79.79%; H, 6.16%; N, 6.62%.

2.3.1.2. 2-(4-Methylphenyl)-1,3-benzoxazole (C14H11NO)
(3b). Yield 6% (CHCN), 33% (CHCN:NaOH); m.p.
(crystallized from ethanol) 112-12€ (lit. 113-114C)
[22]. UV (Amax in cyclohexane) 314 eGi4 1.13 x
10* dm®mol~tcm™1), 301 nm €301 = 2.2 x 10* dm?® mol~1
cm™h), 294nm €294 = 2.1 x 10*dm*mol~tem™Y). IR
(KBr): 3055, 2918 and 1620 cm. H-NMR (400 MHz):
§ 8.09, 8.07 (d,J = 8.0Hz, 2H), 7.77 (t,J = 8.0Hz,

Found C, 68.89%; H, 5.13%; N, 5.46%.

2.3.1.5. 4-Amino-3'-chloro-4-methylbenzophenone (Ci4-
H1>CINO) (6b).  Yield 3% (CHsCN), 7% (CH;CN:NaOH).
UV (Amax in acetonitrile) 317 nmegz17 = 4.3 x 103 dm?®
mol~1cm1), 240 nm €240 = 7.3 x 10°dm® mol~tcm™1)
and 205 nm o5 = 1.4 x 10*dm® mol~cm™1). 1H-NMR
(400 MHz):§ 7.37, 7.36 (dJ = 2.0 Hz, 1H), 7.32, 7.29 (d,
J =8.0Hz, 2H), 7.26, 7.24 (d] = 8.5Hz, 1H), 7.10, 7.08
(d, J = 8Hz, 2H), 6.62, 6.60 (d/ = 8.52Hz, 1H), 6.12
(s, 2H) and 3.10 ppm (s, 3H). M&/z (relative intensity):
247 (13, M + 2), 245 (31, M), 232 (3, Mt + 2-CHg),
230 (7, MF—CHg), 210 (7, MF—Cl), 180 (1), 154 (32), 119
(23, GH70™), 91 (100, GH7™), 65 (70).
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2.3.2. Photoreaction of 2'-chloro-4-methoxybenzanilide in CH3CN) 332nm {332 = 4.0 x 103dm®* mol~tcm1),
To a large (500 ml) quartz immersion wall photolysis 320nm 30 = 3.9 x 163dm®mol~tcm™1), 280nm
unit with provision for circulation of nitrogen was added (280 = 3.6 x 103dm® mol~tcm™1), 262 nm (sh,esr =
500 ml of acetonitrile (in another experiment 400ml ace- 1.3 x 10*dm®mol~tcm™1), 246nm €246 = 2.8 x
tonitrile and 100ml 1M aqueous NaOH) and 0.7 mmol 10*dm®mol~tcm™1). IR (KBr): 3470 (weak), 3002, 2833,
of 2-chloro-4-methoxybenzanilide 1¢). With nitrogen 1656 cnm!. 'H-NMR (DMSO-Dg): § 11.50 (s, 1H), 8.42,
circulation, the solution was irradiated with 450W mer- 8.39 (d,J = 7.8Hz, 1H), 8.24, 8.21 (d/ = 8.7Hz, 1H),
cury lamp (medium pressure, 110V) at@ for 3 h. After 7.88, 7.87 (dJ = 2.4Hz, 1H), 7.47 (tJ = 8.1Hz, 1H),
evaporation of the solvent, preparative TLC developed by 7.35, 7.33 (d,J = 8.1Hz, 1H), 7.27-7.19 (m, 2H) and
n-hexane/ethyl acetate (3:1) gave six components. They3.97 ppm (s, 3H). MSwz (relative intensity): 226 (7), 225
were identified as 9-methoxyphenanthridin-6(5)-ode),( (44, M™), 196 (3, MF—CO), 182 (8, M—CONH), 167 (3),
4-methoxybenzanilide2€), 4-amino-3-chloro-4-methoxy- 154 (11), 105 (4), 98 (3), 77 (10), 58 (100), 44 (58). Ana-
benzophenone (tracesl% identified by its yellow colorand  Iytically calculated for G4H11NO»: C, 74.65%; H, 4.92%;
its UV-spectrum) §c), 2'-chloro-4-methoxybenzanilide (re- N, 6.22%. Found C, 74.33%; H, 4.94%, N, 6.19%.
covered) {c), 2-amino-3-chloro-4-methoxybenzophenone
(yellow color) ©Gc) and 2-(4-methoxyphenyl)-1,3-benzoxa- 2.3.2.4. 2'-Amino-3'-chloro-4-methoxybenzophenone (Cis-
zole, respectively3c). H12CINO2) (5¢). Yield 4.1% (CHCN), 2.43 (CHCN:
NaOH); m.p. (crystallized from ethanol) 120-122. UV
2.3.2.1. 4-Methoxybenzanilide (C14H13NO2) (2¢). Yield (max iN CH3CN) 367 nm 3s7 = 8.1 x 103 dm3 mol—1
30% (CHCN), 11% (CHCN:NaOH); m.p. (crystallized cm™Y), 284nm €84 = 1.6 x 10* dm3 mol-1 cm1) and
from cyclohexane:ethyl acetate) 154—285 UV (Amax in 231nm €231 = 3.3 x 100dm®mol-tem™Y). H-NMR

CHgCN) 272nm €272 = 2.0 x 10*dm’mol*em™). IR (DMSO-Dg): 5 7.62, 7.59 (dJ = 12Hz, 2H), 7.53-7.49
(KBr) 3343, 3051, 2959, 1657 cm. "H-NMR (DMSO-Ds):  (dd, / = 104, 2.0Hz, 1H), 7.31-7.28 (ddf = 104,

810.08 (s, 1H), 7.97, 7.95 (d;, = 8.8Hz, 2H), 7.77, 7.75 3 0Hz, 1H), 7.07, 7.04 (d] = 12Hz, 2H), 6.70 (s, 2H),
(d, J =7.7Hz, 2H), 7.34 (] = 7.7, 8.0Hz, 2H), 7.08 g 61 (t,7 = 10.4Hz, 1H), 3.84 ppm (s, 3H). M&Vz (rel-

(m, 3H), 3.97 ppm (s, 3H):°C-NMR (DMSO-Dx) 165.25, ative intensity): 262 (13, M + 2), 261 (28, M® + 1), 260

162.22, 139.66, 129.92, 128.89, 127.30, 123.77, 120.68,(37, M*). 246 (13), 154 (12), 135 (20,68,05™), 92 (14),

113.94, 55.77 ppm. MSn/z (relative intensity): 228 (2), gg (15, GHs*), 77 (14, GHs™) and 63 (20). Analyti-
227 (14, M), 135 (100, GH7027), 107 (11, GHe0™), 92 c4ly calculated for G4H12NO2: C, 64.25%; H, 4.62%; N,
(16, GHsN™), 77 (34, GHs™), 65 (13) and 51 (5). Ana- 5 3504, Found C, 64.28%; H, 4.60%, N, 5.35%.

Iytically calculated for G4H13NO»: C, 73.99%; H, 5.77%;

N, 6.16%. Found C, 74.02%; H, 5.77%; N, 6.20%.

3. Results and discussion
2.3.2.2. 2-(4-Methoxyphenyl)-1,3-benzoxazole (C14H11NO»)

(3c). Yield 9.2% (CHCN), 232% (CHCN:NaOH); The electronic spectra of '-2hloro-4-R-benzanilides
m.p. 90°C (lit. 95°C) [22,28]" UV’ (Amax In cyclo- (15 (R=H), 1b (R=CHj), 1c (R=CH30)) in acetonitrile
hexane) 321nmefp; = 1.8 x 10%dm’mol~tem™), are presented iffig. 1 The maximal absorptionsifax)
306nm €306 = 34 x 10°dm’mol~em™), 299nm  yere 260nm forla (6260 = 1.2 x 10*dm®mol~tcm™1),
(e200 = 32 x 10°dmPmol~tem™), 294nm €204 = 235 and 261nmehas = 1.5 x 10°dmBmol-Lcm-1 and
32 x 10*dm’mol~tem™). IR (KBr): 3049, 2982 and ... — 15 x 10*dmPmol-cmL, respectively) forlb,
1616cn. *H-NMR (400MHz): 5 8.15, 8.12 (d.J =  and 267 nm4aer = 2.0 x 10*dmP mol—Lcm-2) for 1c, re-

9Hz, 2H), 7.76-7.72 (m, 2H), 7.38-7.36 (M, 2H), 7.16, gpectively. Upon irradiation with Xe-lamp (cut-off filter of
7.13 (d,J = 9Hz, 2H), and 3.85ppm (s, 3H}3C-NMR alcohol reagent to eliminate light shorter than 215 nm), the
(DMSO-Dg): § 162.37, 162.17, 150.10, 141.68, 129.12, spectrum ofla showed sharp isosbestic pointshat 227,
124.96, 124.70, 119.4:1, .118.7_4, 114.78, 110.69 and 250 and 277 nm. The spectrum b showed sharp isos-
55.51 ppm. MSmz (relative intensity): 225 (63, M), 210 pegtic points ak — 218, 245 and 286 nm. The isosbestic
(24) 182 (33), 64 (37), 58 (51) and 44 (100). Analyti- hoints in the spectrum dfc appeared at = 217, 253 and
cally calculated for @4H11NO2: C, 74.65%; H, 4.92%; N, 289nm. The clear appearance of isosbestic points can be
6.22%. Found C, 74.51%; H, 4.92%; N, 6.25%. considered as a good indication for the conversiof tuf a

2323, o ehonpremivdn oy one (CyN0)  STUE PPt 2626]uhle e case o by
(4c). Yield 31% (CHCN), 17% (CHCN:NaOH); . y P

. ) their extinction coefficients play a major role in represent-
m.p. (crystallized fromn-hexane) 238-240C. UV (Amax ing these isosbestic points. For example, #i@nzoxazols

2 The literature values for the melting point of 2-@ethoxy- I_S in the Qrder of 16 at NSQO n_m; this \{a_lue is more than
phenyl)-1,3-benzoxazole is varied from @5 in Ref. [21] to 101°C in fivefold higher than the extinction coefficients of the rest of
Ref. [20] to 105°C. See Ref[24]. photoproducts at this region of the spectrum, whereas the
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Fig. 1. UV absorption spectral change upon irradiation with filtered light
from Xe-lamp (cut off filter of alcohol reagent) in pure acetonitrile
degassed with nitrogen gas prior to irradiation: (A)0x 104 mol dm—3
2'-chlorobenzanilide in acetonitrile solution (irradiation time: 0, 1.5, 2.5,
4.5, 6.5, 8.5 and 10 min); (B).88 x 10~ moldm3 2'-chloro-4-methyl-
benzanilide (irradiation time: 0, 0.33, 0.75, 1.0, 1.5, 2.5 and 5min); (C)
4.65 x 10~>mol dmi~3 2'-chloro-4-methoxybenzanilide (irradiation time:

0, 0.33, 0.67, 1.0, 2.0, 3.0 and 4.0 min). The tick lines in the figure show
the spectra of non-irradiated sample. Insets show the plotting of the signal
intensity at 330 nm against signal intensity at 240 nm.

Wavelength/ nm

Fig. 2. The UV absorption spectra dféhloro-4-R-benzanilide (thick solid
line), 9-R-phenanthridone (solid line) and 2-(4-R-phenyl)-1,3-benzoxazole
(dotted line). Top R= CH3 and bottom R= CH3O (the arrows indicate
the location of the isosbestic points appearedrig. 1).

€ (phenanthridone IS in order of 16 at ~240nm, being also
one order higher than the extinction coefficients of the other
photoproducts at this particular wavelength. This suggests
that the absorption of the small yield of prod&tround
300 nm is higher than (or comparable to) the absorption of
the relatively high yield of product at this wavelength. It
seems that the isosbestic point at longer wavelength is gov-
erned by the formation of photoprodiB;tand that at shorter
wavelength is governed by the formation of photoproduct
(seeFig. 2). The photo-Fries type products have no much
effect due to their low yield and relatively low extinction
coefficients. 9-R-Phenanthridin-6(5)-ones absorb approxi-
mately at 240 nmepgo = 3-7 x 10*dm® mol~tcm~1) and
at 330nm £330 = 4-9 x 10°dm®mol~tcm1), respec-
tively, plotting the absorption at = 330 nm against the
absorption ak = 240 nm ofFig. 1results in a good linear Fig. 3. Absorption spectra of the irradiated solution dfcRloro-4-
relationship forda—c (inset of Fig. 1A-C). methoxybenzanilide (65x 10~3moldm3) in degassed solution of pure
The absorption spectrum of irradiated solutionlafin acetonitrile (solid line) and in acetonitrile:aqueous sodium hydroxide so-
acetonitrile, along with its spectrum in acetonitrile:aqueous lution (dotted line). The samples were irradiated for 2 min with Xe-lamp
sodium hydroxide is presented kig. 3 for comparison. (3 > 215nm).
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It is obvious fromFig. 3 that the intensity ai. = 300 nm
(~Amax Of 3c) is higher in basic medium than in neu-
tral aprotic medium. This reflects the fact of the medium
influence on the formation of photosubstitution product
3c. The same trend was observed from the irradiation
of 2-bromobenzanilide[12], 2'-chlorobenzanilide and
2'-chloro-4-methylbenzanilide.

When the reaction was carried in Pyrex immersion wall
photolysis apparatus with circulating nitrogen gas, the iso-
lated photoproductsSchemes 2 and)3vere the reduction
photoproduct 4-R-benzanilid®)( the intramolecular pho-
tosubstitution product 2-(4-R-phenyl)-1,3-benzoxazdg (
the intramolecular photocyclization product 9-R-phenanthri-
din-6(5)-one 4), the ortho-photo-Fries type product,
2'-amino-3-chloro-4-R-benzophenones)( and the para-
photo-Fries type product,’<amino-3-chloro-4-R-benzo-
phenone §). The chemical yields of these photoproducts
in acetonitrile medium are shown iBcheme 2 and in
acetonitrile—aqueous NaOH are showrSicheme 3

The chemical yield reveals that the photocyclization is the
major product in neutral aprotic medium, while the photo-
substitution is the major product in protic and basic media
(Table ). This is probably due to the conformational and
tautomeric changed,2,18] of the reactant in different me-
dia upon photolysis, in which in protic (or basic) medium,
the mesomeric imidol-fornhl with a rigid double bond be-
tween amide nitrogen and carbon of carbonyl group (Chart 1)
will prefer thetrans-form [18]. Thetrans-form allows for in-
tramolecular photosubstitution reaction, i.e. it increases the
yield of benzoxazole as evidenced frarable 1(as well as
from Schemes 2 and)3While in neutral aprotic medium,

Photobiology A: Chemistry 150 (2002) 115-123

Table 1

The yield of 2-(4-methylphenyl)-1,3-benzoxalzol8b) and 9-methyl-
phenanthridin-6(5)-one4b) from the photoreaction of Zhloro-4-methyl-
benzanilide in different media

Medium Photoproduct yield (%)
3b 4b

CH3CN 6 34

10% H,O:CHsCN 33 7

10% aqueous NaOH:GEN 32 7

the single amide bond of mesomeric structLaevill allow

for the rotation of benzoyl group, and hence conformational
change to mesomerids-form Ib that assist the photocy-
clization reactior{2,6], the result is an increase in the yield
of phenanthridone. These results agree well with the solvent
induced™N-NMR shift[18], which interpreted as due to the
increase in the contribution of the polar mesomeric structure
Il with increasing solvent polarity. The electron-donating
substituent apara position play another role (Chart 1), the
transmission of the resonance will lead to the formation of
an enol-form Ila. The two mesomeric forms andlllaare

in competition, but in presence of electron-donating group,
the mesomeritlla becomes more important. The enhance-
ment of the negative charge on oxygen atom in strudtuee
relative to structurd!l due to the increase of the electron
donation of the substituent will lead to increase the nucle-
ophilicity of the oxygen atom, and hence increases the yield
of photosubstitutiofl8,29,30]product3 as evidenced from
Schemes 2 and. Mesomeric formlI1a still can change its
conformation td I1b and enhances the formation of phenan-
thridone relative to non-substituted-éhlorobenzanilide.

Chart 1.
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la:R=H 19 4 3
1b: R= CH; 4 6 34 1
1c: R=CH;0 30 9 31 4 2
Scheme 2.
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As a conclusion, we showed that the intramolecular pho- [9] P. Klan, A. Ansorgova, D. Del Favero, |. Holoubekb, Tetrahedron

tosubstitution and photocyclization reactions of benzanilides
could be greatly accelerated by introducing a suitable sub-
stituent and choosing a reasonable solvent. We have showrlll]

that the nucleophilicity of the oxygen and the conformational

Lett. 41 (2000) 7785.
[10] W.J. Hayes, E.R. Laws, Handbook of Pesticide Toxicology, Academic
Press, San Diego, 1991.
B.J. Alloway, D.C. Ayres, Chemical Principles of Environmental
Pollution, Blackie, Glasgow, 1993.

structure of the reactant are the major factors in controlling [12] A.M. Mayouf, Y.-T. Park, J. Photosci. 7 (2000) 5.
the photoproducts yield of benzoxazole and phenanthridone.[13] N.J. Bunce, J. Bergsma, M.D. Bergsma, W. De Graaf, Y. Kumar, L.

These two factors, in addition to the leaving gros2],

can be tuned through substituent and solvent. The chem-
istry observed here, concerning both, the solvent and the

Ravanal, J. Org. Chem. 45 (1980) 3708.

[14] J. Siegman, J. Houser, J. Org. Chem. 47 (1982) 2773.

[15] M. Siskos, A. Zarkadis, S. Steenken, N. Karakostas, J. Org. Chem.
64 (1999) 1925.

substituent effect on the photoreaction of benzanilides agree[16] M.S. Morales-Rios, V. Perez, P. Joseph-Nathan, L.G. Zepeda, Mag.

well with literature[16—19] observation of the solvent and
substituent effect on the NMR chemical shift of substituted

benzanilides. Further studies on the reaction mechanismsm]

will be published separately.
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