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29 AFaAch. A 85 ofdael benzoyl chloride =48 Yol old3}3le benzanilide # 54
E P399 vk N, N-dibenzoylaniline %4 & =7 & benzoyl chloride F=A¢] ohd & &g
743t Atk 2-chlorobenzanilide 9= =e] 2-methylbenzanilide 4} 2'-methylbenzanilide & photo-
Fries® 442 Fv}h 2-93o YE27)7F 2% benzanilide & Buh&2 34 ke, &€
Aol F4teS FF 5 AYAE 2 A @7 Agelstz R N, N-dibenzoyla-
niline 9]} N, N-di- (2-chlorobenzoyl) -aniline &] 34k o2 {5 <47 photo-Friesd AL <
91t}, Benzanilide v} 2-methylbenzanilide 7} photo-Fries 3 whs-& &= gd A4 e} F#3tea
2ok, shvksbd Akart ubgel obF-d Qo] Q7] s Eelch FAol AL, = HAHo] ' Sl
A GFAGEE] EUTH @Y SEANNA st rdedasd Aaate) Age] FoAA fo uhFd
gz o] F gl wAS ol AA et A4 Fol vt A=

ABSTRACTS. Several benzanilides were prepared by acylation of anilines with substituted benzoyl
chlorides. While 2-chlorobenzanilides were photocyclized, 2-methylbenzanilide and 2'-methylbenza-
nilide were cleaved to give photo-Fries type products. 2-Nitrobenzanilide and 2'-nitrobenzanilide

were inert in the above conditions due to lowering energy of the excited state by the nitro group.
N, N-dibenzoylaniline and N, N-di-{2-chlorobenzoyl) aniline gave photo-Fries type reaction products
effectively. In the benzanilide photo-Fries type reaction the excited singlet state was believed to be
involved, since no oxvgen effect was observed on the reaction rate. Quantum yield for 2-methy-
albenznilide is higher in nonpolar and less viscous solvents than in polar and viscous solvents. The
solvent cage radical pair is suggested in the photo-Fries type reaction of benzanilides.
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Structure 1.

Table 1. Physical properties of substituted benzanilides

Compd m. p(°C) Amax. nm
number observed k. in cyclohexane
la 163 162~3 267
b 124~5 125 252
c 140~1 142~ 3% 271
d 155~7 1558 246, 3100(sh)*
e 92~3 947 350*
f 114 1148 267
2a 162~3 161~2? 241
b 125~6 235
*in EtOH

NH, 0

\J hr
Ia 10% %

Scheme 1.

Hanovia High pressure) &. 2 1747 28} 2~
aminobenzophenone(10%) 7 4-aminobenzophe-
ne(5%)& Agrt. (Scheme 1), 2-methylbenza-
nonilide, 1b & 31} & 27135kl A4 1047k =
Apshe] 2 -amino-2-methylbenzophenone 3(20%)
¢ AUk (Scheme 2), SofE WA iAol A
Z2IA4L AEEE 2 3PS A

nmrol| A WA ¢4 (5, 6.3~7.3, m, Ar) 9} sp?
ghao B ogsE (5,2.2,5CH) & BT 8l
on] Ak A7) A& B8 (mfe, 211,
M*, 74%) & £ F 29k IRAA €3elnly
NH A&7 % (cm™, 3395, 328)& & T &
= 1900cm? =} 1800cm™! o] A overtone bands 2
2 4 led, oA orthe- 1A A BIE
4 z-g 2@k, mebA benzanilide xhAvh 2-
methylbenzanilide & 2ol 23 4] photo-Friesd
A AEL Fdct, = 2-methylbenzanilide 7} &
g oz Fut =l 2'-methylbenzanilide,
lc: 93 e =A% A 1847 AR E
1 2-amino-3-methylbenzophencen 4 ©] (6%)43
At nmrofAd wdgald & Hi®7) 6,
2.3)9} NH,(3, 6.2, broad,) ¥ #4354 (4,
7.3~7.8, m, )& & o g2r IR oA 3480cm™
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nmr 38 {COCl3)
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masss 210 (M, 14%)
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@/U\NH ho @)K@CHE,
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N CH, 3Bt
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I8hr e
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amr i) 8 S, 3H, CHy )

v 2.2¢
6.2 (br, 2H, NHp )
7.3-7.8tm, 8H ,Ar)

'R em! 3 3480, 3300 (NH,}

1832 ¢ ¢=0 )
mass Mses 200 (M) T0 v )

p-isomer mp  !2°
Scheme 2.

# 3300cm™ 2] o] 54 (NHp# 1640cm™ o] A
728 ¥ 54 C=0¢ d& 5 I, 2P
A7)0 A EA0l & B¥EHE & F vk

2y o] ARolE o, m-, A plFHo
photo-Fries 8 A E< & Astes AL 4~
Ao 4714 4L FAE §HL 28°ColH
- B4 33HE-(4-amino-3-methylbenzopheno-
ne)d] §ie] 112°C2 ¢#A Qe oA
MAY ¢ vk zev m-w g JAEL W)
A=A gske}. 2-nitrobenzanilide, 1d %} 2'-
nitrobenzanilide, le & 9} & 27l A 3
e A Fx FWEAT 22 AdH N, N-
dibenzoylaniline, 28 & Algd3jeli9l S22 x
EG:D B %o 919 o] g AFY 2~
benzoylbenzanilide, 5, (20%), benzanilide(18
%) = 2-aminobenzophenone(33%)e] A%
v}, (Scheme 3) benzanilide &+ 2-aminobenzo-
phenone & RXEFEEFH vwizdld FAINLH
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2'-benzoylbenzanilide & o} A~¥ Egtz £3
E e, nmr; 8, (CDCly), 7.45(d, 1H), 7.90
(m, 12H), 9.20(d, 1H), 12.0(s, broad, NH);
ir; em™(CHCly), 3300(NH) 3080{=C—H),
1675(C=0), 1635(Amide band I), 1600(Aro-
matic), 1580(Amide band II), 1260(Amide band
I 4A8 0.2 ¥9t3) N, N-dibenzoylaniline o]
Yol 2)5l] AFAHo 3 photo-Friesd ukgo)
deoixkct, N, N-di-(2-chlorobenzoyl)~aniline,
2b & A9 2L AN 4.5 %L 24
319 =Y phenathridone(43%), 2-chlorobenza-
nilide(35%) R N, 2-di- (2~chlorobenzoyl) -aniline
6ol (4%) VAN, (Scheme 4) BAE 69
AL AREM A EA)E 42 (m/e,
369, 4%, 371 3%) & ¥ 7 3l2r IR1A NH
(3240cm™) o} FAY Lz R (1680, 1640) S
de T ARk o AR o, PP wrE
BAE TEE HA gkeh. o] 3 $of = photo-
Friesd A4 £& < 7 %ol = phenanthridone
2 34" 2-chlorobenzanilide 7} 3 22] 3}5) ¢}
YR Aotz YA,
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Scheme 4.

2.2 photo-Fries @ U8 MIFILIE

FAojA 2-methylbenzanilide & photo-Fries
YAYFE FHed, 25 ksl dF =k
EF2 ¢ Y T ol g HelelA ¢
5E& 7ot er wh-do ik A g A
43k v}, 2-methylbenzanilide & 2 7}z] &-off o
E UV-cell (Jem &)l @ o} b4 3} (254+10nm)
o2 z ARt 2-methylbenzanilide 2} photo-
Fries % whgo] doldel H7pA ool %
YAFSEE Table 24 Yetligich AE£2Y
Aol A FArFEo] 6. 8x10‘3°lw| 1, 2-Etha-
nediol o A 5.7X10™elg e} o & i‘ﬂ =
Aol Aol w3 %l-i"ﬂoi walsle A
A gz A ¥4 £ HAgo] A % 1
ol A gAFFEe] F ek, #lAl SedlA &
o] ol AL N filtering 7 = <
% stok B8Rt B FA gollo A gt
Aotg o)A Ae) 7t ol photo-Fries @
2o oz AE FAHAAA A Aok FAol L
Lo = g AR F yhgo] =7
W Eel dAFSEel Wel e A FEh o
photo-Fries 3 wh-goll i3 SE4HE <7 9
g 2] kS-S g dre) G E A
39 (Table 3 32), benzanilide & A&
2302 2o UV-cell o] (& lem) ¥ Ar 74|
2 345 AAMAYG 2E A4F e 235

Table 2. Quantum yield of 2-methylbenzanilide photo-
Fries-Type reaction in several solvents®

solvent polarity(e) |viscosity(ep) ]
cyclohexane 2.01 1.02 6.8x103
1, 4-Dioxane 2.20 1.20 1.7X10-3
Benzene 2,27 0. 65 6.8x1074
Methanol 32.6 0. 54 1.5x1073
1, 2-Ethandiol 37.7 19.9 5.7%X104
Acetonitrile 38.8 0.34 2.4X1073
@ 2-Methylbenzanilide concentration 2.0X10°¢M,

3.5ml., £20% certainty, irradiation wavelengtn
264+10, light intensity, 1.76x1079 ein/sec

Table 3. Oxygen effect on benzanilide and 2-methyl-
benzanilide photo-Fries-Type reaction®

S S

¢In cyclohexane, amide concentration 1.3x107*M,
3.5mi. Error limits(20%) determined by scatter in
product concetration from uv.

At 3o 2% (100W, Hanovia, High pre-
ssure) & B 2A}8lolv), o|o] corning filter 0-
53-1 7 /K189 filter & 143t gt
THAREES A, Ao FTeE 362
nmol| A (2-methyl-2"-aminobhenzophenone?| ¢=
7.1X10%/mole cm A} L3t oen], o AP E,
2-aminobenzophenone 3} 2-benzoylbenzanilide 2}
€ 3tol 2-methyl-2'-aminobenzophenone & 7 =}
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A Aol &g Aclzz ARG IFTF
=% 33319 ¥x H3tE A9 2-methyl-
benzanilide 7} photo-Fries®d ul2gu A4}
JE s 2.8X107 M/20min o]l o5, A
27} fE 7 3o = 2.5% 107 M/20min o] &l o},
Azt e A g A+ vekeSest
2k, k& JAde dAs 2 AL
T URAcH(Table 3 Fz). WA A&7t ¥
< A A gomzE gdAd ESELUI 43
e A 2R E AEdte A E 22
BYNL 2 F 9. 2-methylbenzanilide 7+
benzanilide 2o} v] ¥kg4 57} <7 wgked,
o]AL WYt 2eiEo FEAHY o=}
433 Eold BHHg A& &l e A
Ze, A4 dEsst 299 dWzopdE, 2-
methylbenzanilide 7} benzanilide Z}A] Rt} o
URAE B4R (Table 1, AF2Ho]A
Amax of 1a=267nm, Amax of 1b=252nm). =
Aart EAE Fole 4¥F TLC Aol A
Wl 2o v 2-methylbenzoic acid & =] & A 3%
= 9J9dth. Carlssond® 3} 298] TFAFAEL 8l
Z24% AE3% et benzanilide 78 ¢ &
Ao zor* Aoz 4R Qo WA
gl Aeiel ror¥ oA FlERd eb4} Aaat
o] 7} ¥ A whrv el s e wkd
o) 2]38 photo-Friesd A4 &, 2-aminobenzo-

phenone ©] 1} 4-aminobenzophenone ©] X},
]
/P il |
APy w | SN
t
i
!
7yt i
. o
e w7 L X I Joree
/<9
(J\L“_V\—\\ I
0D o=\
vH, N/
Scheme 5.
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(Scheme 5) A&7t EA s BT A E2it
£ o] Akkst ub-EE #lzAelu 2-
methylbenzoic acid 7} 5 A Zeon FHte
7] AdE AFHez w5 ged. A4l
& oA A9 Aol o1Hs Hubgel A
gz} N, N-dibenzoylaniline 2 2-methylbenz-
anilide ¢} benzanilide & v} W3+ 2474 6.
2X107¢ M/20min, 2.8X107°M/20min, 2.2X 107
M/20min ©| g t} (Table 3 %2), N, N-dibenzoyl-
aniline o} 8-} 314 phato-Fries3 yF-go] 1o
vy AL BA7} conjugation H £ B2gez &
A Fope stEng Bast Aasel AY
o] k¥ 3, ® 3L 97 A8E ¢ JAR
o} 2o} #elg PAo| Ak YAgH,

3.4 #

dutAQl AL glzold i3I 2 gz

3.1 gi=ohel2I=&2| B4

2-methylbenzanilide, 1b, o-xylene & A+3}3)
o} carboxylic acid & 9 = o] & acyl chloride 2
w7 od ©}A aniline © 2 Amidization 3}
Asld el 40ml 8 o-xylene (0. 34mole) & 500ml
AR Fetao] @ AFA4 80mi g E 160
mlg 4 AL e 3047 3FF o159
of #Uct. g4 AE st AER AR
o}, o] ZAE 10% NaOHel| oz dulz=
22 F 92 F5Ad F4EE Qo] B
Aq3teta o) AZRe] A G4 23mIE& A4
3 7iste] nAZE AVA Fz QAP o=
€7 Fo A AARHA=Y AP AR E At
23g(50% &), mp. 107~8°C(o-Toluic Acid
] 4 107~8°C) 9714 92 o-Toluic Acid
(5, 0.03mole)S thionyl chloride 17.5mi o] =
ol 2A7kE<k BFEUE Aol o-methyl-
benzoyl chloride & 42 Hilolx 4.6g0]¢
(TS5 E 100%), o-methylbenzoy! chloride 2g
(0.013mole} 3} obdd  1.5mi(0.016mole) & 50
ml Elo)ANA At HBFAAo] AR £ o
egst AN AR 1.6g(92%) 2 Al
mp. 124~5°C(lit 125°C)* (Table 1 B=x)

2 -methylbenzanilide 1c, o¢-Toluidine 1.5mi
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(0.014 mole) & benzoyl chloride 1.1mi(9.5m-
mole) & oA oA felBoz Hojd dhg
ARt A4 2AE FF Ak golA 42
Bz MANAAR 1.6g(78%)°] AR
mp. 140~1°C(lit 142°C)®(Tadle 1) 2-nitrobenz-
anilide, 1d, 2'-nitrobenzanilide 1e @ 2-chloro-
benzanilide 1f = 19} o] aniline H=Ael
benzoyl chloride §-=4 2 o 3}3ted A glct,
(Table 1)

N, N-dibenzoylaniline, 2a, 4% &2}22(50
mi)®] benzoyl chloride 13g(0.09 mole) & EF
o 20mie] Ho @2 FFE7EA FFF At
drlel oldd 4.7ml & obF HFH Holm
gob, 6 A7 FFF I nAZ YR
dp g RAAGNGEY B ZAF A
mp. 162~3°C (lit 161~2°C)? 9.8g(70%).

N, N-di- (2-chlorobenzoyl}-aniline, 2b.
Ze}~ 3] 2-chlorobenzoyl chloride 13g(0.074
mole) & o-xylene 30mi ol ¥ Wof FHFdwh
7Ax Adsge, A7) obdd  4mi(0.044
mole) & 484 RAZdsE Fotd A9
shetach, 3A7E 53t AAdEH zAE o3
sigch, dlgkgold ARAAH=Y 6.5¢F A
& 4 dslcl.  mp125~6°CUT7%).
(CDCl), 4, 7.3 (m, Ar), ir: (CHCL), em™
1680(C=0) mass spectra; m/e, 336(M-+2-—35,
3.89%, 3 (M-235, 10%), 139(CICH,CO, 100
%)

3.2. MzZHel ¥ErS

benzanilide 500mg (2. 5mmole)-2 =l A)-&rl ol
o] 4GPk Lolel ¥ AxIFIANA F
L3502 1747 24 g A=
TLC 2 #3319} TL5-2 100W, Hanovia
High pressure©]3ict., TLColA4 &4E3 o8
of RfA7} 0.4420 A} 0.1520 2] 1%l eh (£
CHCl; : Et;,0=1:1). A&3q TLC(Silica gel
60g. Merck)ell 4 ¥2] s =1 25mg(Ri=0.44)
7 50mg(Rf=0.15)& 4= Rf=0.4¢1 7 &
€70l 137°C, nmr: §, CDCl; 3.6(S, 2H), 7.2~
8.0(m, Ar. OH}: mass spectra, m/fe, 197(M*,
31%) 105(CsHsCO, 100%). w&lX 4-amino-

nmr;

benzophenone o] t} (lit 138°C). Rf=0.15 + nmr
o, 3.4(s, 2H), 73~8.2(m, Ar, 9H), mass spec-
tra m/e, 197(M*, 77%) 196(M-1, 100%), 105
(44%) mp 105°C #}e}4] 2-aminobenzophenone
oft}:  (lit mp. 105°C). ©}& wWi=oldu =59
Fb-gE S8k 3ol st ey,

3.3 YRr-ER Y

k437X o (Bausch-Lomb) =25 (100W,
Hanovia SH type) & %o} 12 inch Az o4
254+10nm 3& A8l Potassium Ferric
Oxalate 3902 9] A7 & 23390, I=
1. 76X 1079 ein/sec ©] § v}, o} 20] 2-methylbenz-
anilide € W72 &0l (A Cyclohexane)o]
% 2.0x107M SE7} =HA sgok o &4
3.5ml & UV-cellel 43 ArAA2 448 )
AR} Fo] A9 ok FrEE AL FFEA
etz AP GASLE). 71AY Imax &
25201 g v}, o] £4& AR AA Y @ o] H
3. 20% ZAFe}sivt. photo-Fries® A& o -
amino-2-methylbenzophenone &} &322 362
nm ol A FFEE FYsS FEANE skt
£362=7.05X 1073 /mole-cm & o) &3l 4=
EE A% 7 Usich A 39 Arjg 24
3te] Wkt g A e Sl (Table 2),

3.4 WobRol| cHB MOl FE

benzanilide F(dlA ], 2-methylbenzanilide)
& Ag=2idd Ho UV-celle] Yo Ex7}t
1.3X107*M¢°] HAch 2R A ZRA
100W, 39t<e5-2 Z3 Corning filter 0-53-1
= 1,/KI1(0.1082/0.17g, +H,0 100cc) 24 filter
(lem}F §3M9 o Aolget. oA #HE
71449 3.5ml ¢ UV-cellel @o] 2gelA
12inch Add| $x 2AE T, WA B2 imax
2 362017 £44,=7.1X10%/mole. em 7 o] &
3k =},

2+ AFE 1983, 19849 & FEaAIg AT
B 2 go® o) Fo i 8 A TAGL B
o zZtAE =3

A 2EH
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