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2 . o-Hydroxybenzophenone =4 (2-hydroxybenzophenone, 2,2-dihydroxybenzo phenone, 2,4-dihydroxy-
benzophenone, 2-hydroxy-5-methylbenzophenone, S-chloro-2-hydroxy-4-methylbenzophenone 2-hydroxy-4-
methoxybenzophenone, 2-hydroxy-4-ethoxybenzophenone, 2-hydroxy-4,4'-dimethoxybenzophenoneys-2 2424
Z 3} 822 coumarin S ASE §43814c}. o-Hydroxybenzophenones} 2+-&
ALesled g47]9) triethylamine(TEA)2} acetic anhydride-8

E-2F2] phenylacetic acidS
o-hydroxybenzophenoneol| sl 1:82) v| g2 oA
747t 7H FEE0] FoUth oA 402

acetic anhydride-Z AH4-3+ Sham2} Ray @b v} 2 2nodc

ABSTRACT. The 8 coumarin derivatives have been synthesized from 8 starting materials(2-hydroxy-
benzophenone, 2,2'-dihydroxybenzophenone, 2,4-dihydroxybenzophenone, 2-hydroxy-5-methylbenzophenone, 5-
chloro-2-hydroxy-4-methylbenzophenone, 2-hydroxy-4-methoxybenzophenone, 2-hydroxy-4-ethoxybenzophenone,
2-hydroxy-4,4'-dimethoxybenzophenone) with phenylacetic acid and Ac,O/TEA in acetone at reflux temperature.
The ratio of o-hydroxybenzophenone, phenylacetic acid, Ac;O and TEA is 1:1:8:8 in acetone. Our results
showed higher products yields of coumarin derivatives than Shama and Ray's method in previous papers. A new
intermediate form was proposed to our mechanism of coumarin synthetic method.
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22 enolate anion®] A3l &1 whgo] AP}

Coumarin<- 2H-1-benzopyran-2-one2] Ar§i o 2
2 FE= Vg3 2o(Scheme 1).
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Scheme 1. Structure of coumarin [2H-1-benzopyran-2-one).
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Scheme 2. Structure of coumnarin derivatives.
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=3}odct. o] uhgle Shamag} Raye] w4 et 3
A g 8o Flch

AY & o712 benzophenon FEAME(2-
hydroxybenzophenone, 2,2'-dihydroxy benzophenone,
2,4-dihydroxybenzophenone, 2-hydroxy-S-methyl-
benzophenane, 5-chloro-2-hydroxy-4-methylbenz-
ophenone, 2-hydroxy-4-methoxybenzophenone, 2-
hydroxy-4-ethoxybenzophenone, 2-hydroxy-4,4'-di-
methoxy-benzophenone)S U EA R 3k t}g-7}
2 8294 coumarin FEHSE ofHE Lujel 4]
¥HA sl tH(Scheme 2).
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A8 JIF U Al GC ¥4-& Hewlett Packard
5890A GCE AMHLslger, H &7+ FIDS A48
4t}. Columng Capillary HP-5(25 m X 0.20 mm X
0.11 pm film thickness, cross-linked 5% Phenyl
Silicone Gum Phase}& AH2-¢J3}c}. '"H NMR Ad E
Y& Varian Gemini-300(300 MHz)E,, IR 2® 3]
Jasco IR-810% M Adet. A 82 AL
Electro-Chemical Engineering 7|7]2 Z33}gict.
GCOMS £4L d=aspActy-d 7] 238 o7
A Aleje] Hewlett-Packard 589011 GC2} Hewlett-
Parckard 5988 MS24¥ Feled|, o] 3= El vh
22 Y51 columne SPB-5(30 mx 0.32 pm X
0.25 mm, 5% phenyl 1% vinyl 94% dimethylpaly-
siloxaneys Al4-8tgct. 7] 2313 72| d Al
EA(Carlo Erba 1108)}% A 14841 38}gct.

A2 Aok, 2-hydroxybenzophenone, 2,4-dihy-
droxybenzophenone, 2,2'-hydroxybenzophenone, 2-
2,4,4'-trihydroxy-
benzophenane, S-chloro-2-hydroxy-4-methylbenzo-

hydroxy-5-methybenzophenone,

phenone, N,N-dimethylaminopyridine, acetic anhydride,
triethylamimne, methyl iodides= Aldrich Chemicalx}2]
GRE AokE Tt FAAA-E A=A F3 AHE-
&9ch. Phenylacetic acide Fluka ChemikaAle] AG
SF9 A¢kE, ethyl iodide= Kanto ChemicalA}-<]
57 Alkg ARgslodch o2 ARG AokE ok
+3 22 P o AT ob 4 EL P,0sE A
3 R 2447k o)A} AT F o Al Fb @
F3te ARl CHClhe CaChE $. 2447
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3,4-Diphenylcoumarin®| #A. (A) T Wdz}7)
2} dropping funnel-2- 93Z2%F 100 mL-three neck flask
o oldE 10mLE Y e E=ko] 2-hydroxy-
benzophenone 0.198 g(1.00 mmol)3}t phenylacetic
acid 0.137 g(1.01 mmolyg ¥ TEA 1.11 mL(7.96
mmolys- A7F3ldv}. Ac;0E 0.760 mL(8.06 mmol)
dropping funnel2 £3t] A7}gF Fol o}4E SmL
2 wople AcOF Aol Wt Ap4 2] 2 A
& k) FEA whgEke 54t 71E FHE o) &
3led 55°CR R2AIA Fhceh o] AR
uhg 2§29 do] A =l 847 F ks
£ YF3 o] ihEFLEAA S0 E FHAH FUR
A Ak}t $e £8¢] IN HCl 10mLE ¥
CHCh 20 mLE #4338 F231ct. o] 458
ZF42 A0 T4 MgSOE AZA F Ak
A& dold HA ZU1E ol 88k CHLLE A
Asz e 15mLE ol Wzl 27 &
Bl Feo] e B ¥ Yehel AYe Ltk
o]|AL oetL 2 |AA Bl 3,4-diphenylcoumarin
0.513 g(4-S-§ 51.3%; mp 231.8~232.6°C)% ¥
t}. Anal. Caled. for CyH;40x: C 84.56, H 4.70, O
10.74; Found C 84 .73, O 10.74. IR(Nujo)
mull, em "): 1715(C=0 &, B-conjugated), 1300(C-O),
1600, 1475 {aromatic C=C stretch), 780, 700{aromatics=
C-H oop). 'H NMR(CDCl;, ppm): 7.1-7.6 (aromatic
H, m, 14H).

(B) GC +5-8¢ F317] A8 (A0} 22 ZAE
A}-2-351e  2-hydroxy-4-methoxybenzophenone 0.198
£(1.00 mmol)®} phenylacetic acid 0.137 g(1.01 mmol),
TEA 1.11 mI{7.96 mmol), Ac,C-E 0.760 mL(8.06
mmol), 15 mL2] o} Bef P x}4 wulr| 2 W)
s FEA 8A7E Ft WA £dell 7RERE A
72 ¥ A3z, o] ool WY #F A=
benzophenone-s 0.328 g8 27 WiH E3F uiwd)
o8 GCZ BAY AT} 0257 g( 5§ TB36%)9]
3.4-diphenylcoumarin®] FAFEG-&L 83 = gl
Ak

4-(2'-acetoxyphenyl)-3-phenylcoumnarin®| £H4d.
(A) =Y ¥7}7|e} dropping funnelol <373 100

mL-three neck flaskel] o} A& 10mLE W3 2+& &
2] 2,2-dihydroxybenzophenone 0.214 g(1.00 mmol)
3} phenylacetic acid (.137 g(1.01 mmol}g $3
TEA 1.11 mL(7.96 mmol}&- 3 7}314ie}. Ac0E 0.760
mL(8.06 mmol) dropping funnel & £33} H7}g ¥
o oM E SmLE Folle AcOE Mol el
2 mN| 2 AL ot FaA abgshe F4t
71F FHE o] 834 S5°CR /A AA Fdch
£ol A=A kg TIEL Mo xFA FH
t}. 8417t F "l2-§ P33, IN HCl 10 mLE H}
ol A7EetR vhA oA 24 wEbr] 2 308 <t
aeksted Fgict ¥h3-g W& F, o] WEEYE
A golg 3H FUIR AASI B £
IN NaOH 10 mLE Z3}4] 7|3 CH,Cl, 20 mLZ.
H3g F239c) o] AL F MeSO.2 A
A7 F 23k AE dell4 HA FUNE ol &
3te] CHCLE AASE o|4AZ22Y ¢FL [5mL
& ol @Il 297k masted F9o] 9e 2
2 uEG Helo] AL Aglet ol E oz
dd3 g2 AT 2-F A28l 4-(2-acetoxy-
phenyl)-3-phenylcoumarin 0.055 g(+5-& 15.4%;
m.p 217.2~222.1°Cy& ¥4}, IRWNujol mull, em ~'):
1770(C=0 acetyl), 1720(C=0 a,B-conjugated), 1600,
1450(aromatic C=C), 1200(C-0), 790, 750, 700(=C-
H oop). 'H NMR(CDCl,, ppm): 2.4(acethyl, s, 3H),
6.9~7.4 (aromatics H, m, 13H).

(B) GC +5-8-% 7317] #1sf (At #& #AE
Ap&-81¢] 2.2-dihydroxybenzo phenone 0.214 g(1.00
mmol)}3} phenylacetic acid 0.137 g{(1.01 mmol), TEA
1.11 mI{7.96 mmol), Ac,0 (.760 mL(8.06 mmoal}E
15 mL o} €l ¥ 2 214 mukri2 mukd FHA
6413 F4F A7) S R ajAlR] X o5
3tz, o] abo] W¥ ZF E3E benzophenone
+ 0356 g% 93 5 E2F wbfel 98 GCE &
A A3, 0143 (75§ 40.28%)°] 4-(2-acetoxy-
phenyl)-3-phenylcoumarine] 34 5|2 galgd 4
udet

7-Methoxy-4-(4'-methoxyphenyl)-3-phenylcoumarin
9 gd

2-Hydroxy-4,4'-dimethoxybenzophenone®] #HA.”

=Y Yz}tr)| 2} dropping funnel & <343 100 mL-

three neck flaskell 2,4,4'-trihydroxybenzophenone
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0.921 g(4.00 mmoi)®} K-CO; 1.38 g(10.0 mmol)g- 4
3 10 mLe] o &g gol A4 mrbz 2 wksl F
2y DMAPS 0.030 g(5.00 mol%)S Qo] %3 thA)
5mLe| ol E& yelrh ool dropping funneld
£33} methyl iodide 0.35 mL(5.22 mmot}S & ¥}Fg-
2 58 Tol FlalFE £ 5 mLe o}l AEL2R funneld
FolglE methyl iodide S 4o WH} Z4 7] &
A& $3AA FHA 7MER fol ¥ 71§ T
& olg3te] ¥hg £ F 60°CE FAAZ A3
o] st uhg E{EL] o] ey HA
ot 2417 A F RS FAATIL A2
E Y77 E oS ikhg EFES o Fsle] 2 o
o2 e §rial ofMEL AAFL IN HCL S
mLE Y3 10mL el22 FA3E 2l W
o} o] $A1E-g FFSE A FT F5 MgSO.F
Hol 88 At oA F AF I PV E
0] §31 H2E dH R oz 2 g dFES
10 mLgo] @A ael|A] 244 7}o] 4k whA]sle] wih4y
o 32 Huel ARe AU o] AEE olanz
g gz E AWAAHT AFE3b] 2-hydoxy-4,
4'-dimethoxybenzophenone 0.528 g(-P58 51.1%; m.p
118°Cye <3<l IRMNujol mull, cm™'): 164(C=0),
1600, 1450¢aromatic C=C).
7-Methoxy-4-(4'-methoxyphenyl)-3-phenylcoumarin
O] #14. (A) 2 ¥77)2} dropping funnelo) <374
¥ 100 mL-three neck flaske] o}l € 10mlLE Y
& Zake]  2-hydroxy-4.4'-dimethoxybenzophenone
0.244 g(1.00 mmol)2} phenylacetic acid 0.137 g(1.01
mmol}E ¥ 7 TEA 1.11 mL(7.96 mmol)E A 7}5kd
t}. Ac,O 0.760 mL(8.06 mmol)yE- dropping funnel-2-
E35te] A7 Foll ol E SmLE oty A0
E Aot WHoh A4 ERE Al mubel] FHA
WEeHE £ 71F FE ol fate] 55°C 47
AlA Feiek vhgo] A PEHA kg EYEL] 4
o} A sgict. 8417 ¥ W& dF-2 o] Wk
EgEel ol 3 S22 AAs E
£ele] IN HCl 10 mLE ¥, CH.Cl, 20 mLZ &
43g 22590 o] $42E F5 MeSOE A
A ¥ solid funnel2 et A Z AofjA HA
2971 0|83l CH.CLE AAstn olazzd
43¢ 15mLE Po] FATAA 2973 B3l
3 27 ¥ AL ddch oA g olane g
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4322 Z 2] @A s} 7-methoxy-4(4methaxyphenyl)-
3-phenylcoumarin 0.120 g(75-8 33.52%; m.p 197.7
~198.4 °Cy& it} IR(Nujol mull, cm '): 1720(C=
O o,f-conjugated), 1600, 1450(aromatic C=C), 1020
(C-0), 860~700(=C-H oop). '"H NMR(CDCl,, ppm):
3.9(-CHs, s, 3H), 6.7~7.3 (aromatics H, muitiplet).

(B) GC +58-% 7317} sl (A} 2L A E
Ap&3te] 2,44 -trihydroxybenzophenone 0.244 g(1.00
mmol)}¥} phenylacetic acid 0.137 g(1.01 mmol), TEA
L.11 mL(7.96 mmol), Ac,0 0.760 mL(8.06 mmoal}ZS
15 mL op A Eell Wz A mH7 2 Rk FA
8217k Ft WAl £ TR AR F {3
slz, o] olztelo] ¥ FF EAZ benzaphenone
€ 0358 Y3 ¥ Z& dbhde o3 GC2 &+
Agk Az, 0220 g(¢5§ 61.33%)2] 7-methoxy-4-
(4'-methoxyphenyl}-3-phenylcoumarine] &A=&
€ A% ek

6-Methyl-3,d-diphenylcoumarin®] &4, (A) &
o) Jz}7]e} dropping funnelo] 17 ¥l 100 mL-three
neck flaskel]l ol A& 10mLE Y2 2 3k 2.
hydroxy-5-methylbenzophenone  0.212 g(1.00 mmol)s}
phenylacetic acid 0.137 g(1.01 mmol)E 232 TEAE
1.11 mI(7.96 mmol) 3 7}8}dc}. Ac,O 0.760 mL(8.06
mmol}E dropping funnel& E3lo] 713k Fof ol4
£ SmL2 golgles Ac0FE Aletligich A ak
71 2 Al ke FHA g3l Tk 71E TS
o] 43aled 55°CR FA1A1A Frt. ghgo] g=w
A vk EFHEL o] Al Hok 2347 F v}
£-¢ 237 IN HCl 10 mLE 81250l Arpstz v
H ohA A SR 30 Bk @abele) ek
o] o) Whg-E&hgo] oA Wy} Hhe-& HE ¥,
o] ukE-ERFEIA Lol 3 FUrIR AAH3A

.32 gole] IN NaOH 10mLZ 3472
CH)Cl, 20 mLZ 3% F&39ic) o] #4328
T4 MgSO. 2 A2 A2 ¥ solid funnel2 )} A
& ol " FU7|E o] &3t CHCLE A A3t
o)Az zy g 15 mLE Yol WAzA 2¢
7b wakaied gele] gl 2 A3 v Hele 2
48 Beeh ol7lg o)laz 2 U2 ANAAF
of  G-methyi-3,4-diphenylcoumarin  0.206 g(75-&
66.00%; m.p 211.0~214.0°C}E g4}, Anal. Caled.
for CpHys0a: C 84.62, H 5.13, O 10.26; Found C 83.75
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H 5.11 O 10.28. IR(Nujol mull, em™Y): 1720(C=0),
1260(C-O ether), 1600, 1460(aromatic C=C), 840-
700(=C-H oop). 'H NMR(CDCl;, ppm}): 2.3(-CH,, s,
3H), 7.0~7.4(aromatics, m, 12H).

(B) GC #5588 F3l7] 914 (A} #& A&
A48ty 2-hydroxy-S-methylbenzophenone 0.212 g
(1.00 mmol)=} phenylacetic acid 0.137 g(1.01 mmol),
TEA 1.11 mL{7.96 mmol), Ac,0E 0.760 mL(8.06
mmol) 15 mL o} Eoll P 7 x4 Fylr|8 wuls)
FHA 2327} Tk A7 S Tl A7)
F 73w, o] QR Y BF FHZ benzo-
phenoneg 0312 g% W2 WE 3 whiiol) 29
GCE BAY A3} 0248 g(FE-& 79.67%)] 6-
methyl-3,4-phenylcoumarine] A 59]-8-& &l
4 2lsdet.

6-Chloro-7-methyl-3,4-diphenylcoumarin®| #4,

(A) 2 374719} dropping funnelo] QA4 100
mL-three neck flaskel] o}4 & 10 mLE 23 2L &
gke] S.chioro-2-hydroxy-d-methylbenzophenone 0.246
£(1.00 mmol)®} phenylacetic acid 0.137 g(1.01 mmol)
£ ¥ TEAE 1.11 mL(7.96 mmol)}3 A 7}sleic}.
Ac0F 0.760 mL(8.06 mmol) dropping funnel& ¥
31od I3 Fol o} E SmLE WolglE Ac0F
Al Wyel A T97) 2 Al akst Foag gk
&3e B 71E FHE o8l 55°CR £44)
7 FHet ol ABEHHA kS EFE Ho)
x3A) =k 8412k ¥ kg2 W43, IN HCL 10
mLE W5 A7pskn A oA 214 k)2
30% 3 waksle] Fck g HE F, 0l ik
E¢EIN 905 JA U2 AR F2
ool IN NaOH 10 mLZ Z31|7)32 CH,Cl 20
mLE fFA4EE F&8dch o] HAELE 5
MgSO.Z ZAZAZ) F solid funnel® Azl AHE
Jeoll A B4 FH7)E ol83ld CH,CLE A8tz
olaZeg 4ZE ISmLE Yo YATA 297
Bl Feo] ode & WAk AAE At o)
Ag olrzed 42EE NWZEAsI 6-chloro-7-
methyl-3,4-diphenylcoumarin 0.189 g(-+5-8 54.62%;
mp 180.0~181.2y& ¢Jgic}. Anal. Calcd. for CosHy30%%:
C 76.08, H 4.32, 0 9.22; Found C 75.98, H 4.33, O
9.76. IR(Nujol mull, cm™"): 1720(C=0 o,B-con-
jugated), 1600, 1450(aromatic C=C), 1250(C-0),

800~700(=C-H oop). 'H NMR{(CDCl, ppm): 2.5
(methyl, s, 3H), 7.1-7.4(aromatics H, m, 12H).

(B) GC #5585 7317] A4 (A} 2
AR&-8led  5-chloro-2-hydroxy-4-methylbenzophenane
0.246 g(1.00 mmol)s} phenylacetic acid 0.137 g(1.01
mmol), TEA 1.11 mL(7.96 mmol), Ac;0-& 0.760 mL
(8.06 mmol) 15 mL o}4 Eol o} 24 Eukr12 &
e S A] 847 Fok 4hE-AIR] Boe h R Al
1 F oqFsta, o] osfoq Wy FF FH=
benzophenoneg 0.358 g& ¥ W EF whie
o3 GC2 4% H3 0.220 g(558 61.33%)]
pigepabe

B E

6-chloro-7-methyl-3,4-diphenylcoumarin®)
2 2% <+ <o)
7-acetoxy-3,4-diphenylcoumarin®| #tM, (A) 7
<) Jz}7)2} dropping funnelo] <12 =¥ 100 mL-three
neck flaskol] o}4| & 10 mLE W1 2 E3k9) 24-
dihydroxybenzophenone 0.214 g(1.00 mmol)?} phenyl-
acetic acid 0.137 g(1.01 mmol}Z ¥ 37 TEA 1.11 mL
(7.96 mmel)s Fr}skdch Ac,0S 0.760 mL(8.06
mmol) dropping funnel-g §3ted 71 Jroll o} 4 E
SmLE FollE A0S Meludch A4 Tukr)
2 AS anty FHA whg e 5 71§ F9E
o] &3ty 55°CR FAAIA Fdeh. yhgo] s
WA Bhg EFEL) No] A it 647 b
$-5 Y34, IN HCl 10 mLE ¥hg-Eof stz
WA oha] Z R 2 308 ]t muldle 39
o} ol RR3-EFrEo] BRA Wi} W& 9
F, o] HR-EF TN £01E ¥ Fw)2 AA
ot F %Cﬂﬂ] IN NaOH 10 mLZ %‘-i‘}*]?]_l_
CH,Cl, 20 mL2 $A 58 28t o] 42L& %
T MgSO.2 Zii*]{ F solid funnel & @%il'—}. 2
Z HellX - FUE o] &3l CH.CLE A3}
T o)AZER ¢3E 1SmLE Fo YA
297k ¥Aste Fo] gl Aa vl2y Heje 2
A& Adeh o] g olaxeg G232 AHEAs
o]  7-acetoxy-3,4-diphenylcoumarin  0.086 g(+S-&
24.16%; m.p 217.0~220.2°C)}¢ I<ick IR(Nujol
mull, cm™'): 1760(C=0, acetyl), 1715(C=0 a3
conjugated), 1200(C-O ether), 1600, 1450(aromatic C
=C), 760~70(=C-H oop). '"H NMR(CDCl;, ppm):
2.0(acethyl, s, 3H), 7.1~7.6 (aromatics H, m, 13H).
(B) GC 5-8-& 73}7] Al (Al 2L A&
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AFg-sted  2,d-dihydroxybenzophenone 0.214 g(1.00
mmol)®} phenylacetic acid 0.137 g(1.01 mmol), TEA
1.11 mL(7.96 mmol), Ac,0 0.760 mL{8.06 mmol)S
15 mL opM Bl @1 2P Imbr| & wyks] FA
6417} Fat ¥hEAI £ g Al F o3}
3laz, o] oglol) B BE EAE benzophenone
& 03568 Y2 WY 3F Yol 98 GCE 2
A% A1, 0.194 g(75-8 54.61%)°] T-acetoxy-3,4-
phenylcoumarine] 34 =]%1-8-& #1¥ 5 Usict
7-Methoxy-3,4-diphenylcoumarin} &4
2-Hydroxy-4-methoxybenzophenone&| %44,
294 y7}7|9} dropping funnel-g <1723F 100 mL-
three neck flaskol] 2,4-dihydroxybenzophenone 0.854
2(3.99 mmol)®} K.CO; 1.38 g(10.0 mmoty& {3 10
mLe] ol EE Wl A ambr|g abel S A
DMAPE 0.030 g(5.00 mol%)yg RelFw t}a] 5
mL2) o} €& Fgich. thol dropping funnel g 5
&}ed methyl iodide 0.35 mI1(5.22 mmol}2- g} B}-2-%)
5% E9t 718l E F SmLe] oM E2E funnelol
olsle methyl jodide2 WoiWigich. A4 7| A& Al
& A A FHA 71T Aol ¥ 7E FEE
ol-&3ld Wk 2EE 60°CE FX A AT A7)
Bt A v EYEo] RN A dR
o 2N A F O FAAZ ez Y
A7) F ihg ERHES o 3le] 7 ojpf o HE
Lol ofyEL A AEE potassium saltE A3}
7] %]} chlorobenzene 10 mLE g Fich. o] &
58 {73} & chlorobenzene-2 ¥ 314 Z4ty)
€ ol&3] dHRy o|2z=Z2g JdIEL 10
Fof WA arel|A] 24A]3ke ) BhA| 3ed xRy 2
nhs 2ofe] ZAL gt o] AA S clazay
2R AAAT T A3 2-hydroxy-4-
methoxybenzophenone 0.77 g(+5-& 84.7%; m.p 64.5~
65.8°Cre VAHERX], mp 66°C).% IR(Nujol
mull, em ™ *): 1650(C=0), 1360(-CH; Methyl), 126({C-
O ether).
7-Methoxy-3,4-diphenylcoumarin?| #4. (A)
T B7}719} dropping funnele} <124 % 100 mL-
three neck flaske)] o}4l€ 10 mLE Q@7 2L Z8f
9]  2-hydroxy-4-methoxybenzophenone 0.228 g(1.00
mmol)3} phenylacetic acid 0.137 g(1.01 mmol)E 4
2 TEA 1.11 mI(7.96 mmol)g- H78}Hth. Ac,0F
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0.760 mL(8.06 mmol) dropping funnelS- €34 37}
@ Foll o}AE SmLE WolalE AcOF Hoiuld

o} 24 mubZ)| 2 AlS el vlgde 5
718 FuE ol galad 55°CZ 4XAA Foe).
qh-go] Al E|mA] whg 32| Heo) =3A =
ot 8AIZHF ¥hE-& 5, IN HC 10 mLE 8k
el Atz A Al 2 TR E 308 <
asto] Tk W& HE ¥, o] HREEGE
A & E 33 U2 AAsEch & £
IN NaOH 10 mLZ $3A)7) 2 CH,Cl; 20 mLZ $-
BES FEUct o] AL FRFE AT F
< MgSO.2 Az2A)F] % solid funnel2 A}, A
2 HollM A U7 E o]-83tet CHLLE AlA 3}
2 oAR-E 15mLE Wi YAzl 247k B3s)
o Fde] ol= 8 ¥ ¥ele AL A9t 9]

< B2 2 AN E ] T-methoxy-3,4-diphenyl-
coumarin 0.169 g(#5-8 51.40%; m.p 175.0~177.0
°Cyg <t} Anal. Caled. for CxHic0s: C 80.49, H:
4.88, O 14.63; Found C 79,99, H 4.82, O 14.63. IR
(Nujol Mull, e¢m™'): 1720(C=0 a,f-conjugated),
1270(C-0), 1600, 1475(aromatic C=C stretch), 780,
700(aromatic =C-H oop). 'H NMR(CDCl;, ppm):;
aromatics 6.7~6.9(3H), 7.1(9H), 7.3(3H), 3.9(methoxy
-CHj s 3H).

(B) GC 582 317 98 ()9} 2& %218
AF&3ted  2-hydroxy-4-methoxybenzophenone 0.228
g(1.00 mmol)®} phenylacetic acid 0.137 g(1.01
mmol), TEA 1.11 mI(7.96 mmol), Ac,O 0.760 mL
(8.06 mmolyE 15 mL ofA| £df] gof 24 mrl7| 2
IRbs TR 8217} F<k WR-AIY] B e E8)
A7 F o33tz o o] iy XE 2R
benzophenone€ 0328 g& 1 ¥ FF whHd
23 GCZ A3t A=}, 0.239 g(-5-8 72.90%)2]

< lsdek

7-Ethoxy-3,4-diphenylcoumarin2| £

2-Hydroxy-4-Ethoxybenzophenone2| #4.° =
< W2}7| 2} dropping funnel& 2%t 100 mL-three
neck flaskel] 2,4-dihydroxybenzophenone 1.07 g(5.00
mmol)®} K,CO; 1.38 g(10.0 mmol)}g ¥ 10 mLY
oM S o] 2k TR b F9 4] DMAP
F 0.030 g(5.00 mol%)& P37 t}A| 5 mLe| o}



98 NG - R

AEL oict chgeol dropping funnel-2 E3}ed
ethyl iodide 0.51 mL(6.00 mmol}& & W4 5% &
<t 7HE F S5 mLe| oM E22 funnelol HolalE
ethyl iodide§ A WH et AL 7| E AL F7A
A Fh4 4R fol $ 71E FHE o8y
W3 2EE 60°CR Fx|A7ch Azbe] st
A HES EFEY o] ngtdold P FiHch
247} A TF vbe-& FA A7 Ao QAR
F g ukg B8 ES sl 2 qFf e g RE
2Q] o} N &L A|AF T potassium saltE A A3
7} )3 chlorobenzene 10 mLE o] 3t o] &
§2¢ % ¥ chlorobenzene$ 33 2 F47]
g oldsle] gz olirzed dFIS 10
mL go] WAl 24A] k0] A v ste] oA
o upe 2opo) AL Wach o] AYE olazz
g ¢F L2 Q@A A-TUZ8le 2-hydoxy-4-
ethoxybenzophenone 0.970 g(*=5-8 80.0%; m.p 36.0
~58.0°C)2 2git}. IR(Nujol mull, cm ') 1640
(C=0), 1460(-CH,- methylene), 1360(-CHs- methyl),
1280(C-O ether).

7-Ethoxy-3,4-diphenylconmarin®| &M, (A) =2
o} Wzb7]2) dropping funnele] 25 100 mL-three
peck flasks] o}AE 10mLE P17 & E89) 2.
hydroxy-4-ethoxybenzophenone 0.242 g(1.00 mmol)
2} phenylacetic acid 0.137 g(1.01 mmol}E ¥ ¥ TEA
£ 1.11 mL(7.96 mmol)F 3 7}steich Ac,0& 0.760
mL(8.06 mmol} dropping funnel& £3}e] 713 &
o] ol E 5 mLE ‘dolgle Ac,0F AoluWllHch 21
A w712 A4S ot FAA vk s 2L 71
Fekg o] g3le] 55°CE FR|AA FHrk ukgol
A= A kg EFFL] o] k3A Ho} 84]
Zh% ¥l-2-2 9% 51, IN HC) 10 mLE ¥h5-Eoll 3
7hetaa] ohA] AR SNk 2 308 Fob aybated
Foich wkeg WE F, o) u-EREY & E
A $uri2 AAstget g2 &9l IN NaOH
10 mL2 23A|7|51 CH,Cl 20 mLE fAIZS 3
Z3lgdc) o] FAELS F MpSO.E AXAZ F
solid funnel 2 gt} A Yoljx 3 $U7) & o]
#3le] CH.CLE AA3IT olazZ2d <d3E 15
mLE ol Waaeld] 247t Byste] Feye] gie
3 & ¥y AYE Agel. eBg o)i=Z2Y
Az &2 AEAL AFHE3 T-ethoxy-3,4-

diphenylcoumarin 0,190 g(75& 55.9%; m.p 150.0
~151.3°C)% 9}, Anal. Caled. for CpH 3050 C
80.70, H 5.26, O 14.63; Found C 80.32, H 5.27, O
14.15. IR(Nujol mull, cm " ): 1720(C=0), 1270(C-O),
1600, 1450(aromatic C=C), 860~700(=C-H oop). 'H
NMR(CDCls, ppm): 1.4(-CHs, t ,3H), 4.1(-CH>-, q,
2H}, 6.7~7.3(aromatics H, m, 13H).

(B) GC #5-&¢ F317] A8 (At 22 ZAE
2+-8-310]  2-hydroxy-4-ethoxybenzophenone 0.242 g
{1.00 mmol)s} phenylacetic acid 0.137 g(1.01 mmaol),
TEA 1.11 mL(7.96 mmal}, Ac,0& 0.760 mL(8.06
mmol) 15 mL o}A| £ ol 2} wHly 2 ankey
FmA 8417 Bk whA7 B g AT
F o33)sl 3, o) Ao - EF EH 2 benzo-
phenone & 0.340 g& ¥ 1 W% E2 Wiol o
GCZ 3AF AR, 0269 g% 78.81%)] 7-
ethoxy-3,4-phenylcoumarine] A Y-S ¥
4 91Tk

=l Ynt

B 932 ol) 4] Shama®} Ray~} Akt whg iz
2-hydroxybenzophenone®} g E-3F2] phenylacetic
acids ARS8}y <37] TEAR} £v) Ac04lA4 130
°CZ ukeAl7l Hat AA B¢l 34.-diphenylcoumarin
o] $E5§L 168%% 4433 FA| vhehteHTable
18] run?). oS AH-& F3ld o5 ¥ uhy
£ WA AlA w284 ok 2-hydroxybenzophenone,
phenylacetic acid, TEA, Ac,07} 742} 1:1:8:82 38
o] oA E mE CHCl folofir 53 424
$E-§(43.2-79.0%)& Table 12] runl~de)| leh)
szt

olmj, ol &S AFRAE Wl 58] AR F
stom LEE 55°CE ¥l F8E o] Ao
B £ A4S 4 4 Addrhun 2). Y4
S =7} of Al Eoll A= HolZ] 7] wf Fof ukg A]7E
o] ZAo3A g ykg S71betA] HAlo| 48 A7)
= 7%7} sdgich. CHCl §-ufoll A 2] Bhg-2 ike
Az} 58 WollH BF oA B8t At
AHcHrun 337 4). CHLOAHE 229 3= ¥
< & (run 4yl A F580] Fodreh

AGO Sl o) W3 227l o= B73
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Table 1. The effect of solvent and temperature on reac-
tion 2-hydroxybenzophenone with phenylacetic acid®

Temp Time

Run No. Solvent o) (hours) Yield, %°
1 o} A & i’ 27 53.1
2 oA & 55 8 79.0
3 CH,Cl, Tt 22 432
4 CH.Cl: 40 20 77.2
5 Ac0O 1. 23(6) 30.3(10.3)°
6 Ac,O 80 4 27.9
7 Ac.O 130 6 16.8

“2-Hydroxybenzophenone : phenylacetic acid : TEA : Ac,0=
1:1:8:8 except run 5,6,7. Ac;O was roled as solvent in
mn 5, 6 and 7. "rt=room temperature. ‘Determined by
GC using internal standard. ‘Determined by GC using int-
emal standard in 6 hours.

3 £EE0) wotedl, 2 £ei3 TEAY &4%
2eig o TEAS) {3 (88.8°C)rr} 2 80°Ce
A A wsich oo Fr)FAE 130°Coll A2l vk
S(tun 7R} ¥RFA|ZYe] 7t A S5
E Z7)s19icHun 6). Aol vH-2 A=
o $580] 37 STt oy WhE ARde] v F 2
A Zgch(run 5).

mala], o ARREE £ Tl A8 wY
£ Table 18] run 28] HRg-2AHe |y, 9132 T & o}
E2| 8F 2xolt} ¥F2-E o-hydwxybenzophenone
FEAES FLUEUR #1o] g 852 coumarin
FEAZ g 2582 oSS Table 2¢1 el
odct.

A1 272 =ol wie}d o] ¥ d7AIAe
coumarin ¥A3HbH o] Shamas} Ray2] BbH B} T
V58 B 9o)(Table 1)

2EL A0F 27 o2l ALSE uivie] 2
AF-frde A0S HEEA R ARl o] |
£l oMEE ARSIt ol2jt = AT
Ztotd g bt o] H&Ee W7 EFE
A Ae]7t Fg& & 5 sl

Shama®} Ray+ o-hydroxybenzophenone(I)s} phenyl-
acetic acid(I1}®] ¥k-%ol thste] t}-3-2] Scheme 32
H7hlEg AAsEc F o]Fe] AXF e
Scheme 3o Ac,02] o] 4hgol viepu} 9]
%1 llw], ¢]E& phenylacetic acid(I}®] =g
717} whg-Ad el 1 (Ma)st 7] 1 glet.
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£ Aol olge] «l&F fFhE-S A
23t ol gl Lol 2 ARG AcO WAl ofAE
2.2 £olE vre) o) A7 ukge) Bghovt, A
&<l coumaring H¥ YA & dobAl
ot 23y Ac0F &7t o2l uhE FAR 31
S0 o}H & 2 CH,CLE 3t Table 1 &
Table 28} 7ro] coumarine| 344 @& dob At

ol#igl AYAnE N vt & sl AL
838 13} H2FE( FA7F dA4ds= A oh
2}, ol Eo] AH83 £mial Ac,Ox Hb-g&- ZTE*‘]
Foll Aefzlz oty 328 4 ek AA 2
L£Z LI 23] Ac,05 1:1:89 v|&&2 3}1
7WTEA) 24 shollA ol AE fofellMe] ghg2
(Table 1 3= 2)0.8 3 £ AT A7} o1& 5
WAtz gich

tr}a}/d B A7 23 e (Scheme 4) o

FHEE A A5k 2A} gt

o] Scheme 42] BRtA| 0|4 AcO AmtA|<l|l A B4
%l phenylacetate anion® wWhg-3le] F7hA| AHYSE
(b F HA3E Zoleka A2k 4 glet. o] libel| 4
9o Al WA =2 29EFA phenylacetic acid
e g Brt o 4Hdo] B2 TEA Exfstel
A Brt AN SR Est F A& A2 Foll 2F &
A1l coumarin(IV)e] A4 %t |5 4 gk

o9} vi-B&o] Shamas} Ray?] Wby & Ac,OF %"H
B AR3 A ZF Table 12] mun §, 6, 794 2] 5
Fo] 2 97319 Ay w3 olfe c}~—4
Zo] A9E ¢ Qv AqO7} $rjo] 2R 417] TEA
of Blak = go] FEast=&  2-hydroxybenzo-
phenone®} Ac,07} uhg3le| 3}z ¢
benzophenoneo] @AP o2 &4 7| dl= coumarin
aAV)ye] -58o] Bzl 2% 5 Uk

Table 28] 348 4o 7|4 gk o] ¥b-go] uk¢
el F%E Fe F 7HA 8dE& medsof g
Scheme 404 A|k3F whS- FtA S o] Asugd
©j7)oll4] benzophenone] F Yo WAl we|e] =3
A G 2% 5 Aok

o] 8hg- F7kAlellA o2 dAIZ M2 1elE ¥
A3zl Y AFrElb)elA] -2 enol like
anoin(llicjo] benzophenone2] 7l R\d7ie| A& -
H3laL, 2911 ] -OH7|2] 4k47) o] llle?] 7p28d
719) &g FASEAM A E<l coumarin(IV)2.2

>Lrin£rﬁ_r7._4

= acetoxy
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Table 2. Reactions of o-hydroxybenzophenone derivatives with phenylacetic acid in acetone at 55°C

Time

Run No. Reagent" (mmol) (hoursy  Yield, %" Product
OH O
1 O)\O 8.0 784 (513)  3,4-diphenylcoumarin

OHO OH

OHO
3 D)\O\ 8.0
OCH

80 403 (15.4)

4-(2'-acetoxy-phenyl)-3-phenylcoumarin

61.3 (33.5)  7-methoxy-4-(4'-methoxy-phenyl)3-3phenylcoumarin
CH,0 ?
OHO
4 d\o 230 797 (66.0)  6-methyi-3,4-diphenylcoumarin
CH,
QHO
5 Q)‘\O 8.0 61.3 (54.6)  6-chloro-7-methyl-3,4-diphenylcoumarin
CH;
a
QHO
6 m 60 546 (242)  7-acethoxy-3,4-diphenylcoumarin
HO
OHO
7 m 8.0 729 (514}  7-methoxy-3,4-diphenylcaumarin
CH,0
OHO
8 ﬁjko BO 788 (559) 7-ethoxy-3,d-diphenylcoumarin

CH O

"Amounts of reagents were like this; o-benzophenone derivatives : phenylacetic acid: TEA : Ac,0-1:1:8:8 (mmol).
"Determined by GC using internal standard. Yields in parentheses are botained yield.

). o] @, benzophenonesl] Q& FFERE7] 2] FA
3E ofAsHSE FATE WATRY fEE
#7F AW F9E i) Folsla 291K e
-OH7|9] YA =§ Z7IAFE AT =
A E5rt 290 F45 wSAd0] S48 Aelzka o
&% &+ o}, o2-29] 2-hydroxybenzophenone2] -2
(Scheme Sy 87 A2 2 o 4 9ok

F, 7t2Rdr| 'ae] FAE FukAvHE
Azl Fr2wd7]el s sk ¢jAlQl 3,54
3.,5"-912) ol A2} e 717} A fpe|ojo} 3Lz, 2-915]
9| -OH| AYAEE F714717] H8xde 3, 59
2 %, -OH7)ol d&) 225 e} iAo A} T
717} 28] ofo} & Aot

Run 29] 5= 29 3)ell Az} T 27]71
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OH O f
QJU NEt;  + O— CH,™ C— OH
CH;0 . 1
i
zC\
Htf‘ HO O - H'NB,
A 'o)i'b \NH B 0% Ph
Y - 8 H
fone ’
CH,0 CH,0
%) 1la ¢)
0 [»-O]
c 0
———
H'/H,0
CH,0
v
Scheme 3.

ol 22k HA7} A 3A}E3e] vhgAde] mn 1F
H|2E o ol ZA4¥ AxH403%)yF RHFR 9]
t}. Run 3& 7F2Hd7]2] sz} $AjQl 44 Ak F
£ -OCHy|9 <d3ko) a7] ety =g ALy &
EE(61.3%)& 29FE gloh o] Jvolrp 2EF
WAl 7)) M2} 2 717F )& benzophenone FE
AEE AL fckd wheAdel 718 AE 24
£ 7o d2Eed, 23 FA5E 94 73R
2] Aoz Ylslz] Rl e £ o
TA A FFol Q78 o)t

2)%7]2) wh3Adol] gt A3s 28 WAlyE
A& 2332wk R9lo] 7l H Y]] B4 {7}
z]s]z)2k, )% wtA v (run 3, 4, 5, 6, 7, 8l
F o] BRsA Jepdch Aa oe 217k 1€ b
7t2 R 7|2 Bad d#fids qkeAde] $718 A
olz, W2 A7} F= 7|7} -OH7 || W3] L2.E,
el Y13, S)ell 2 @ 2-912)9) -OH7| 2| N &8A
T 57H Zie)7] djEolch

Run 45 ¥ B 5.-8{x]2] .CHy |7} o} A2} 5
£ 710128 slEygr] wie] AR JHEF
ZAAF e 98¢ 31X, 2-912]2) -OH7)9] A
HEE Z7HA FA0 HkA-& Fole o] &
Alel] ZHg-8led AAH 0 Z 2F  $58(79.7%)
£ Bolw 3l

Run 5% 5-912)d| At e 7|9) -C17])7} 918 7}
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A
O—cu,ooon NEy, —— O—cn,coo-ufm,
o O I? B
o) Gort-e —2—
PR
" ov
[¢] o) 0
Lot CH_O ——
~ 0= C—CH
N/
CH, 0 Ch
0 ; 0
1 . |

E
—

Scheme 5.

28 ®gie] FA43F F= ik 2-9#] 2] -OH7|
g AYA TR A Ao i o] 1 2]
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27]3F 9)= benzophenone & 2. ¥H--& AFciw F
712 2908 A=y} o g HeA| dolg
ARAAL 0|7 F312] F3hz, APelME 4-9
xol]l AAL = 71”] -CHy | = 7 sle 21& A
Bq7] el F 712 37| fo] g =g
st ZAshe 9hEAdo] mn 1(78.4%)el st cha
A A61.3% +-58)0. 2 Jehdct

Run 6, 7, & 82 % wlal we]9] 4-91x A=}
F£ 717} X235 benzophenone -F-EAFo]lA
-OH~| 2] AW = & 2F F7HA1A F71e 3hile
u FAd 7R R Er] §Ae) SAIEE )
E AoAFR e fEEART) s 2 5
S5-&°] run 19 ¥is] =F B A v Z
54.6%, 72.9, 78.8%) A= ¥ o3 qlrt.

A1 ZA) =2 x&71e] FEEI] BE ¥
Aol WZ gL A Sel7} ARt w3 dlvhd
Z(Scheme 4)°] F A& A & gle A
84lo] & 4 9)c}. =3k, o-hydroxybenzophenone
= A9 2-913}9] -OH7|7} 712 Bd7]8 FA 5
A A sz e Aol FIEREY] Bas] SA
3% PSS 2A Bl WS Y Aoz
A7t ¢ A7 woE 2 A7 A%
7)ol w2 frEE ol osle] Mo A2}

doz 2 2% WAlveld Wz} ne A87E vt
A} 9)%& o-hydroxybenzophenone %A 52} Hk-3-
Aol Tigh Q79 2-0H7 ek 7hEndsel 98] B
t} BalsiA of3e e 9F YAlze]e) o X
FAEQ) A 977 35 B} AAHLR
sEjefol 3 o2 APzpEc)

% B

o-Hydroybenzophenone #%=3|S3} phenylacetic
acide AF&3}o] coumarin FEHEF A= UY
< Y3l 4 Z34E T8 B o3} A

A3 Ajgellre Ac,0 goldtellA] coumarin 43
& 3pev ¥ Al F3 Zied £9E of
AELR vl Ac0F Y52 AYY 45, &
455 o AR 4 AT o] A 2F2YH
A 2L v tA e FhiE-& Aldd 4 ek
AcO= MR- EA 97)2 2L k22 o-hydioxy-
benzophenoneol] T3] 1:82] v)-&2 Al&3l= 7o)

wkg-Adel Fgtoo €r|e TEAE AHER 327t
o E @) 8c) S| 4t ke o4 E
o BFLEGSCOHER S Ho) F& ST
2ot B3Pt Fobdd vlas & o2 SoR(CHCL,
AcOYgEch opAlEellA Efrl Fgleh 2 &)
W yhgAes 2-0H79 AYHEE F7HA
Y2 S Z7pA7)e S5} 7l dr) 'l S
2315 ofdas F7IAA HAdE Fole YR
2] 21%719] «dgkg Asidstel. o-hydroxy-
benzophenoneol| A3l 11 7V Azl F& 7|7} &
EZ vl vl xg= o] 9l W= udS F7
A7 A A A 22l o] gl 9% Al e
o ol& wve 7rEud | ukeAdS A AA F34
£2]¢ -OH7 8] A RN EE S7HA F& & 5
utsl7] wiFoll AAAQ FriFs g 2
2714 =B g} ookt A A4S Bt
x g gloh

B dpE 1994495 o)A lgidta el 7]
) el A A2 ool AHE =)L

2l 8 2
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