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® 9. ¥=Asolall(haloarencye] THE olellol etheral alkyl-TEol] &) <X 2-halobenzyl phenyl ether
(13 2y2 YA st AxHl Jubgeld Y EE Blsly ® S &2 Pkl 2 WS AYals
o} A2 7]§F 3}ellA] 2-chlorobenzyl phenyl ether(1}2 #|E=} photo-Fries3) AJAd-Eo] vigkond Br 2|2 ether
2& #&3} photo-Fries® Y& o] o) Fre]2} U Fad P4 ol vhairt. o] 72 Clo] benzylire]ol| 733}
Al £l 7] AEel ddiH oz o) CH-04 e apde) A7l Aafelrt, & Brf=4 2+ phenyl-bromine
Ate)e] Z3te] phenyl-chlorineAlo] e} Ajfrct <dspiizt 25 2 Zghe) Bt stdo] CH-0A % i3t 4
B4R 2 2 gdgol Bshet At EAstelA HEe) YL 2 W 9, photoFriesH 4 FE B
ZAAastn. 2w Fe|st 44 S0 8L YA EL 2 3PS ke A 02 ol Fare| e} AUk 4t
F/3 7} 233313 photo-Fries¥] H3-2- sl Abell o} AFgA el 7} Al ol Altehe 2ol

ABSTRACT. The photochemical reactivities of 2-halobenzyl phenyl ether, in which 2-halobenzyl moiety are
tethered to phenyl moiety by the etheral alkyl linkage, has been studied. In the presence of nitrogen, the pho-
tochemical reaction of 2-chlorobenzyl phenyl ether (1) produces mainly phenol and photo-Fries type reaction pro-
ducts, while the corresponding bromo analog 2 produces photocyclization and photoreduced products, along with
phenol and photo-Fries type products. The former result implies that since chlorine is bound to the benzyl ring
firmly, the rather weaker CH-O boud of 1 is cleavaged to produce the photo-Fries type product. The latter im-
plies that the photoinduced fission of phenyl-bromine bond of 2 can compete with the fission of CH,-O bond,
since the bond energy of phenyl-bromine is lower than that of phenyl-chlorine. Since by the presence of oxygen
the formation of phenol is not affected much, the formation of photo-Fries type products is changed a little, and
the formations of photocyclization and photoreduced products are affected effectively, a singlet state is invalved
in the formation of phenol, and both singlet and triplet state may be involved in the formation of photo-Fries type
reaction, while a triplet state is invelved in the formation of photocyclization and photoreduction products.
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BEZAA[AE FAste] kg AZchd CH-07
3}0) sjedell 2]8k photo-Friesd) ¥WH3-# phenyl-halo-
genZ o] sadofl 2} Fare]stel B3 WA
A AEE APY 4 9lS 7ol o)} 2L A
A ukFelA 2 $AXE Udrke AL vl F8s
3 &ulzl gl wletd o] =FelMe A o}
#lo] c}& o}alle] etheral alkyl 25l 2f3| 2= 3
S YAt 28] e kg AAES ¥
Ylslx g 7R 2AeA Fukg-g AlA R 7HA
7Pe® 015 wheEe] RS WIlR, 1 o vk
H7hE-& st
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1) 2-Chlorobenzyl phenyl ether(1)2| &f&
(Scheme 1) 2-Chlorobenzyl chloride 16.1 g(0.1 mole)
3} o% 18.8 g(0.2 mole)S 250 mL 8-32| AM: F
= Za}2~ Tl Y3 triethylamine 10.2 g(0.1 mole)}&
AqA3) 71 o ARE ® F9-E AR 2
£ 170~200°CE #R13HHA] 247 Fab HFAR
r+ o] $AY F FFSE Tl A ol F

SASIES §902 ¢ ¥ A I JHz

2 F&3ch 29 49¢ ¥4 43 el
AzAZ F $4E AAs T FUFFIH 114~
117°C/2.0 mmHg). VI3 FHE-E 85 F<t ¥
3w A o] YA s =], 01§ 95% clBElAM A2
)3} 13.7 g2] 2-chlorabenzyl phenyl ether{1)3- 1%}
tHGSg: 63%, mp 35-36°C) UV(CHACN) A
276.4, 269.8; IR(chloroform): v aromatic CH 3065; v
aliphatic CH 2903, v CO 1242 cm ™ ; '"H NMR(CDCly):
8, 5.1(s, 2H, benzyl hydrogen), 6.7-7.7(m, 9H, aryl hy-
drogen), MS: m/z 220(M'+2, 7%), 218(M", 23%),
183(CysHy1 0, 12%) 125(CHC1', 100%).

Anal. Caled. for Cy3H(ClO: C, 71.40; H, 5.07.
Found: C, 71.38; H, 5.08.

2) 2-Bromobenzyl phenyl ether(2)2| £tA
(Scheme 1) 1,2-Dimethoxyethane 10-15 mLoi] 3.48 g
(0.03 mole)?] sodium phenoxide § %<4 250 mL2]
AR ZEa)lA ol @ 2-bromobenzyl bromide 7.52
2(0.03 moleyd AAs] 7% F AL 3HE AR
Ro] x| MHgA gk Wgo] Bt F 2HA 200
mLE gold AHEL 5o o ojef 22 5
ohe F4 P4k shlgo2 AZAL F 4AE A
A&z Pt 2539 cH120-124°C/1.5 mmHg). deof
7 FFHEE AolA 1A7F F1b WAkl 2AAo)
YA ol F n-Yilellr] AR 532 2-
bromobenzyl phenyl ether(2}g8 HAHHTSFE: 67%,
mp 36-38°C) UV(CH:CN), Auu 2764, 269.8; IR
(KBr): v aromatic CH 3050; v aliphatic CH 2890, v
CO 1245cm *; 'H NMR(CDCL): 8, 5.1(s, 2H, benzyl
hydrogen), 6.7-7.7(m, 9H, aryl hydrogen); MS: m/z
2642, 5%), 262M', 5%), 18HCuHLO', 2%),
16%(CHeBr", 100%).

Anal. Caled. for Ci3H;BrO: C, 59.34; H, 4.21.
Found: C, 59.21; H,4.20.

HEX oz

2-Chlorobenzyl phenyl ether(l, 490 mg) £+ 2-
bromobenzyl phenyl ether(2, 600 mgys vl 52| =
oAl 484] Mol Bulg L7]o] PYIGSX107M,
450 mL) A28 EFHAF)PA £85202 FAKima
diation)3}oq 3087k FuhgA|2] ¥ A & TLCeH
PRazotgazie)g Pesterl.  2-chlorobenzyl
phenyl ether(1)®] k-2 AA-EL2 TLC(Macherey-
Nagel A}2] (.25 mm Silica ge!, fluorescent indicator
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Scheme 3.

UVasaiaes®t MerckA}2] Silica gel 60 GFagy, A7NE
of; 222284 REAZE 0.19, 043 28] 3 033
ol 3jytgo) FelHlded <158 $HY AF Rf
0.19¢1 A2 HE(3, 15 mg, 7%)°)3 T Rf 0.43,
0.3391 Y2 47 o-(2-chloro)benzyl phenold,
152 mg, 31%)3% p-(2-chloro)benzyl phenol(5, 142
mg, 29%)°)3ict. 22) 2 RfZ} 0.9 olAtsl = YE
ol Aed £297) =12 Wodcl 223 oA
22 R Xt )ENLE AN B
F.2utE 28}8] (@3 cm X 30 cm,  70-230 mesh 42]
P2 Eel3tdd wh Rf 0.912) 23] ¥l
ded Alse ] Fze)d PAI-E<1 10-H9-0x-
aphenanthrene(9, 17 mg, 4%)33c}. o1 &8 A4}
= obg3 b R} 01991 3L mpr} 41°CY
€ 232 HE5dS Ulslg e o AT
4, 5, 92) 841 t}-2-3 3L ir, nmr ¥ mass spec-
a2 s}

0-(2-Chloro)benzyl phenol(d); IR: v OH 3338; v
aromatic CH 3065; v aliphatic CH 2922 v aromatic
C=C 1612; "H NMR(CDCL.): 8, 4.1(s, 2H, benzyl hy-
drogen) 5.1(s, 1H, -O-H), 6.7-7.4(m, 8H, aryl hy-
drogen); MS: m/z 220(M*+2, 59%), 218(M", 20%),
183(Cy;H;;0°, 100%).

p-(2-Chilorojbenzyl phenol(S); 'H NMR(CDCl;) 8,
4.0(s, 2H, benzyl hydrogen) 5.2(s, 1H, -O-H), 6.7(t,
2H), 7.0, 2H) 7.1(m, 2H), 74(t 2H); MS: mz
220(M’+2, 55%), 218(M"*, 19%), 183(C;5H;,0", 100%).

10-H-9-Oxaphenanthrene); UV(CHiCN): Anx
305.4 nm; "H NMR(CDCly) 8, 5.12(s, 2H, benzyl hy-
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drogen), 7.0-7.4(mm, 6H), 7.72(t, 2H); MS: 182(M",
60%), 181(M"-1, 100%), 15%(CyHs", 28%).

712 13t YUY FAFe)AM  2-bromobenzyl
phenyl ether(2)& Huhg A7) F WX 5 Fe)sial
oy #=0.015¢g, 7% 10-H-9-Oxaphenanthrene
(9, 0.029 g, 7%) #)o) TLCoHA] REX|7} 045 22| 3
03291 AA-Bo] Fe=Edled o)]E¢ 4P 2
2}7Z} o-(2-bromo)benzyl phenol(10, 0.035 g, 6%)3} p-
(2-bromo)benzyl phenol(1l, 0.05 g, 8%)3 3 °]E<2]
spectra A A& oh5-7 2},

o~(2-Bromo)benzyl phenol(10); 'H NMR(CDCl;)
6, 4.1(s, 2H, benzyl hydrogen) 5.3(s, 1H, -O-H), 6.7-
7.6(m, 8H, aryl hydrogen); MS: m/z 264(M*+2,
26%), 262(M’, 27%), 183(C1:H;10", 100%).

p-(2-Bromo)benzyl phenol(11); 'H NMR(CDCs)
8, 5.3(s, 1H, -O-H), 4.0(s, 2H, benzyl hydrogen) 6.7-
7.5(m, 8H, aryl hydrogen); MS: m/z 264(M’+2,
37%), 262(M"*, 36%), 183(C13H1,0", 100%).

2|2 TLCS} Hazvleaeyolai e £2]= 4]
AT RS EL GOMSE B3 & An
FHY A4 ES] = 2 F benzyl phe-
nyl ether(8)& QHHS-2.E B F S P3N vl=Z
33 wolE JUL AAAEQ o-benzyl phenol(6)
7} p-benzyl phenol(7)}& GC/MSE 1 EA4F <13}
it

SEE2T PR

714 1o}t 28 oMM EVER, WA 2L g2
ol 5(5x 107 M) A-I Y] 4 cell(d mLyol
$32 2087 AAE ETHAAG. o] S4L 100W
Xe-lamp2 4587 AR F YA ES GCE s}
$ItKFID detector, HP-1 capillary column:cross-link-
ed 5% methylsilicon, 30 m, initial temp.: 100°C, in-
jection temp.; 220 °C, detection temp.: 250 °C, rate: 10
°C/min). o} EVNEL-E £rl2 A3 2-chloro-
benzyl phenyl ether(1)] Buk3-oll A A=A Puk-g-ol
e} zbe] oAt 71x] 23HEe] PEEHUEH, RUt
Z¥z} 2.35, 11.36, 11,71, 12.08, 13.58, 12} 32 14.190]
sich. o] & Rl 235, 13.58 2|3 14.192) 7o) F
AAZoled RUF 23590 AL CHO0ZA Y9 A%
o] 2J3t phenolo)§l 2wy, Rz} 242} 13,583} 14.199)
212 photo-Fries® 441813l o-(2-chlorobenzyl)phenol
(4)%} p(2-chlorobenzyphenol(So1gict. 22l Rt
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Table 1. The yields of photoreaction products of 2-halobenzy! phenyl ether(l, 2) under nitrogen or oxygen in several
solvents
products
halo solv- under conve- . .
. . photo-fries type reduction ituti
arene  ent 1sion phenol T?)-—cyclization subs;t;tzl.;tlon
(%) (3 or qar (9
Y Tae an > o® o ®
AN N, 68.1 12.8 39.6 35.0 4.2 0.7 0.4 -
0, 78.9 10.2 21.2 22.6 0.4 - > -
1 B N, 63 262 257 304 26 4.8 . -
@M Bz s42 274 130 183 0.5 0.9 . B
N, 64.9 91 335 31.1 6.8 24 b 0.4
MeOH (740 29 193 198 14 = *» B
AN N, 824 26.2 9.2 8.7 1.0 5.1 2.6 14
0, 83.6 35.6 1.2 1.0 - - - -
X X . ) . .4 4. 23
@ Bz N, 79.6 239 5.6 5.2 08 8 0
0, 92.4 41.0 0.5 0.5 - - - -
MeOH N, 80.2 94 8.4 16.6 98 10.2 132 78 07
¢ 0, 482 64 192 203 9.5 1.7 13 49

*AN: actonitrile, Bz: benzene, MeOH: Methanol **GCel}A{ 2-chlorabenzyl phenyl ether®] $-$9-2|o} SFE O 2 Az

& 2%

Zyz} 11.369} 12.0891 72 photo-Fries 3¢ F3hyd
AN EZA 237} o-benzyl phenol(), p-benzyl phenol
(Telaen Rt 117120 2S Fxe(d AAg
10H-9-oxaphenanthrene(9)33¢}. ©] $ X283 whg-oljA]
B F5EFE Table 19] vepligde, A 2% W
A A& $5EF A itk = SopE W
A we g ARSSlg WRAIAR SR F
oot gk 40 solde FaY AYFEQ
benzyl phenyl ether(8y} ©l2F AJAI =21 32 phenol?] =
5 A4t wid Faus} 4445 52 F
7Fatsdct.

2-Bromobenzy]l phenyl ether(2)%] ikg-ellAe
phenol, photo-Fries 2] A& 22| 7 By JA
5] FE dejzon 19 kg 2
photo-Fries & 2] A E2) 58| v}l =3
gtel. 53) o Sl AMRElE oo #
@AY go] Pl QAF o]l GOMSHA GA=H
29 phenol?] 53 Fagt wid Y HE
o Fze)z A E2] 5% A F7RkG
a3dl 19} Fubgel e Higk-E &of FellAt B
34l PYAER) benzyl phenyl ether8)7} FHF 2}
28] Pubgojre A 7FR] G Bl B4l A
Ago] Lz FHHFE 78

218 1 2 29 S E A4 2087 23
A2 F R Aoy phenold] $SE-E =25
W37} vk Fobsld o] e A& 5
S I A AY A SR At (Table 1).
F7kA] 2A A FEEX] v A2 W 2
2A3HE Table 290 viebligict.

W3 I8

2-Chlorobenzy! phenyl ether(1)e] wwtg -S§e]
23 Pubgol) = benzyl phenyl ether2] 7%}
7o]® #53} photo-Fries®y] A Bo} FANEE
sten Jaed PAEE 4%utel AAEA ¥k
t}. BrfrAAl 298] ek 19] A$9t frAlg
HAZo] vistovt Fuels AAAH 0|2} FugA)
AE(6, 7o) ARt #og ozt o)EY A=
Al Fubgelx] & 7 YA EFS 580 S8
A qhgola AL F5EFH AR Uit wet
A A2 DL Al $5EX dFol & A
FE YN Fo SEEHYQ AT YT &
& 75 it

2-Chiorobenzyl phenyl etherd ol EYEY o)
o Fo] AL VFE A XelampR 4587 ZAMs}
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of $x249 7§ SIRAEw} photo-Friesd 44
%9 o-(2-chlorobenzyl)phenol(40%)2}  p-(2-chloro-
benzyl)phenol(35%)c] F+2 A=A, 5(13%)
2} fae2ls $3E, 10H-9-oxaphenanthrene 43
4.2%) o| 2 F2 Y A Z2 & 5 e o-benzylp-
henolo] w3 A=t S0l & ol EYEY of
Alol] WA Ao]u} wlek8-5 AL welx $19} 4}
3 9SS Rodc) ot oghE S Sof2 #S
74 $ol] 33215 benzyl phenyl ether(0.4%)y7} A =|
o} (Table 1).

2-Bromobenzyl phenyl ether 2 $) 9} 242 2 713}0
A 9g A1 S woll= phenole] T84 E0]%
2. chloro %4 17+ 92| photo-Fries3y 445
o] A5 12 % 22 FUH #3FFo| A=
£ 2 ol vvkE-g AN S W whgd
< Aok, ohit dRES AR ASele
o]3}AlE B2 R §7)7} methoxy 150 Z &%
$E(1%P] ol5es, w Fre] sggv) 3
5HY 214k 5o) ol A= phenol§Ado) =A 7}
431t

Cl X8 18] 73-%-ol+= phenyl-chlorine H §H{bond
energy, 96 Kcal/mole)’o) 7}s}7t 2ol glon) 2 2
o] e517) Fehu Kellyst 29 FEAFA)
benzyl phenyl ether2] 7-4-¢} 7to] 2kg} CH,-OZ Y
2| s}edeol 2§} photo-Fries® AJ/d-go] AZc}. o)
73 FL B30 2%} benzyl radical3} phenoxy rad-
icalo] ¥l 23] <t 3}s]= AR o] whgell 2

Al 7ld%ct Brfr A, 2= phenyl-bromineZ &
(bond energy, 81 Kcal/mole)’e| 2Fs}7] wfF-oj o] 2
3te] stado] CH,-0Zge] stds} AAgAYo| ¥3
sjc}. et @al=, phenyl-bromineZ §lo] Hdso]
phenyl radical #} bromine radicale] %} phenyl rad-
ical- & ol o A1} o) 2 Bzjoll Al FaUALE B3
o 3 A]Fo), o] % phenylZ 2] & TAEH 2
2| 33-Eel At

713 12] bgellx BAdE 671 72 photo-Fries
3 AAAFY ol Bk A EY] ¥R &
o}71-& photo-Fries®] A4 Fo| t}A] FH44 343}
Fo|c}. Bromox|§ offdl 20ll4= FfHdo] niAH
3 photo-Fries %) k3o v} © 4% )3, photo-
Fries®) 4h-g-o] WA dojupz F3hglo] o o]
3 4 2l Ao|c) Bromo HEM9 A$ 1032
11)o]v} 82) Aol Wigt 6(F-2 7)2) AW & A=
s 23 lrrhe e o & g Jehlls
Aoz R o|a kgl 27 A ok

o] uh3-o] SEAE)E ALY HEle] Aba] o
FE AYsisient el et FRYL Abdol 9
8 o}-- wol quenching=7{-} 3] quenching¥]
et ot A2 Rl wRE SRl o Fo
cla 4ol ZFHrl asha) wstch weid
Fue|guhg-2 FE AArE Al phenol
ot} photo-Fries3] A4 22 AbAell o] 2 7k
3kgich o] AL EE ddAeio} AeAde7t 38
At A& e

Table 2. The yields of photoreaction products of 2-Halobenzyl phenyl ether (1, 2) in several conditions

products
halo solvent* conversion
hoto-Fries t izati reduction
arenc (%) phenol (3) p YP€  cyclization
@) or (10)(5) or (k1) (%) 6) Q) 8)
AN 709 13.7 37.0 34.3 4.7 0.8
AN+Xylene 64.5 14.2 37.1 345 53 1.0
(1) AN+EtN 70.2 17.6 35.4 28.6 73 25 0.4
AN+NaOH 70.3 14.5 373 338 6.1 1.0
AN+N,O** 708 13.5 240 26.4 0.9 0.4
AN 70.9 31.2 12.9 8.9 0.6 35 20 1.7
AN+Xylene 734 299 128 9.7 0.7 38 2.5 18
(2) AN+EuN 723 16.6 15.6 16.9 12.7 6.8 7.7 4.0
AN+NaOH 72.7 25.5 11.8 10.7 1.5 4.1 29 1.9
AN+N,O 91.6 408 1.7 13 - 03 - -

*AN: Acetonitrile Xylene, Et;N(Triethyl amine), NaOH2) 55 242} 5x 10 7* M.
oule ol S Are 2 1587 E3H47) F N,OS 1A 1083 Fosiel 2
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2 712 wheZAS A 1, 28] HS5F WY
£ FAR3ld Table 24 LJeld Qi) xyleneo] &3}
edlMe oM EVEY 35 Soid g} & Hap)
91%ic}. Triethyamineo] 31-& o F& QA gl
o] PAEAct o) B A B DA electron tran-
sfer and radical anion decomposition Y& 7] &-2]
7FeA & ARl d7teirt el E vge] =
A WgkER) edgted A Y $2ASL +4F AA
Hx ghgell o] gl A el nitrous oxide”t
ZAQ3 7} ko) Bol HHE S & + Uk 2
o] nitrous oxide7} A} trapping agent’ & ¥ ojrie}
radical scavengeryJo] $+847] &&4'® photo-Fries

nhg-3 Fel ) u-g-3 F3[l Uk 2fuy o)
U 2] g-gole] A3 yhgolzhs g wH
). oigke follo] B7a)s} ol el triplet
quencher?) piperyleneg& AM8-3le3 Stern-Volmer plot
2 & £ A3, 3 1% Qv AAWA 293
), ol F3E| 3} whg-& A e} sk
Bhe-0]2 g el Fch. 2 7]187)7h 5.18x 10°M !
o] 72 W%r&eA] ko7} diffusion controlled rateg}3r
A (ke=1.1x 10" M7 s 1 18] ARSAreRe)
lifetime(low limit}2- 47 ns7} ).

a7, $2A9] benzyl ringsll 7F3HA sl
2-chlorobenzyl phenyl ethesrd aj= CH-0Z%e] =}
3% photo-Fries¥ ko] dojutn, Z2Alo] ben-
zyl ringsll <F3}A Eo{%) 2-bromobenzyl phenyl
etherd mie 2 A sds) CH,0Z % sz
RE] 28 QA Ec] ¥l vl EE doigol A"
& ol e A ol FARE )& ¥
730] So] G2 A} ofale] v A-Fell4 F7HA]
2] 73 Quks-g ¥ F Zolcl,

2 ATE B24Y GLULAD 7) 2548 AF7E
zzagye] Aoz o)R@rlel =P
(Project No. BSRI-97-3402).
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