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Abstract - A new, convenient, one-step synthesis o f  3-aryl cwmarins frwn 2-fluoro- 

benzaldehyde and aryl  acetic acids i s  reported. 

Since cwmarins occur widely i n  p lant   source^.^ there ex is ts  considerable in teres t  i n  synthetic 

approaches t o  t h i s  heterocyl ic system. Several general and d i rec t  synthetic routes have been 

extensively The more important methods f o r  coumarin synthesis include the Pechmann 

reaction5 between a phenol and a 8-keto ester, the Knoevenagel reaction6 and Perkin reactions 7 

between an o-hydroxybenraldehyde and an act ive k t h y l e n e  compound. A11 o f  these major methods 

presumably involve incorporation o f  a phenolic oxygen as the ring-oxygen i n  the coumarin product 

since they formally involve r i n g  closure of 2-hydroxycinnamic acids o r  re la ted intermediates. 

Ue have successfully used a modified Perkin condensation t o  synthesize a large number of o- 

(2-thieny1)-4-substituted cinnamic a ~ i d s . ~ - l l  Hwever, it was found, i n  connection w i th  another 

study, tha t  during the attempted preparation of a-(2-thieny1)-2-fluorocinnamic acid from the 

reaction o f  2-fluorobenraldehyde and 2-thiophene acet ic acid i n  the presence o f  t r iethylamine i n  

acet ic anhydride that  3-(2-thieny1)coumarin (1) i s  f o m d .  That the reaction product was the 

cournarin 1 was demonstrated by i t s  ms data. 13c, 170 and 'H nmr data, i r  data, elemental analy- 

s i s  and the melting Point of the compwnd was i n  agreement wi th the l i t e ra tu re  value.12 The 170 

nmr spectroscopic data w i th  signals a t  348 and 219 ppn were pa r t i cu la r l y  useful i n  the charac- 

t e r i za t i on  o f  1 as a caumarin.13 I n  expanding upon t h i s  discovery, it has been found that the 
sequence out l ined i n  Scheme I i s  general For aryl acet ic acids. Table I contains a l i s t i n g  of 

the 3-aryl coumarins which have been prepared by t h i s  method. 



Table I. 3-Aryl Coumarins 

Compound No 3-Substi tuent 

2- th ienyl  

3- th ienyl  

phenyl 

4-chlorophenyl 

4-methyl phenyl 

Ye assume t h a t  t h i s  reac t ion  proceeds through subs t i tu ted  2-f luorocinnamic acids. The coumarins 

can conceivably be formed from the  subs t i tu ted  2-fluorocinnamic a c i d  by an e l i m i n a t i o n l a d d i t i o n  

mechanism (benzyne) o r  by a d i r e c t  nuc leoph i l i c  displacement reac t ion  i n v o l v i n g  the  carboxylate 

ion. While we have not  y e t  c a r r i e d  ou t  d e t a i l e d  mechanist ic studies, we note t h a t  when Z-bromo- 

benzaldehyde and 2-thiophene ace t i c  were al lowed t o  react, a mixture o f  the coumarin 1 and a-(2- 

t h i e n y l  )-2-bromocinnamic ac id  was formed. The expected a c r y l i c  a c i d  was the  major product and  

the  coumarin 1 was formed i n  low y i e l d  from t h i s  react ion.  It i s  wel l  knam14 t h a t  f l u o r i d e  i s  

d isp laced more r a p i d l y  than bromide i n  nuc leoph i l i c  displacement react ions whereas bronoaronatic 

Compounds more r a p i d l y  f o n  benzynes. Consequently, the observat ion f o r  the  reac t ion  w i t h  2- 

bromobenzaldehyde i s  consis tent  w i t h  a nuc leoph i l i c  displacement mechanism. 

This approach should be general and app l i cab le  t o  the synthesis  o f  a number o f  h e t e r o c y c l i c  

systems. The scope of the reac t ion  i s  under inves t iga t ion .  

UPERlWENTAL 

A l l  me l t ing  po in ts  were recorded on a Thomas-Hoover Unimelt apparatus and are uncorrected. 

Elemental analyses were performed by R t l a n t i c  Microlab. At lanta,  Georgia. The nmr spectra were 

recorded i n  deu te r ioch lo ro fom,  unless otherwise indicated.  w i t h  Varian VXR 400. JEOL 611-270 or  

Varian EM 360L spectrophotometers. 

General Procedure f o r  3-Aryl Coumarins. A mixture o f  0-fluorobenzaldehyde ( 1  mnole), a r y l  

a c e t i c  a c i d  ( 1  mmole). 3.2 ml of a c e t i c  anhydride and 1.6 ml o f  d i s t i l l e d  t r i e t h y l a m i n e  was 

re f luxed  f o r  8 h. The reac t ion  mixture was al lowed t o  cool and was poured i n t o  water and was 

ex t rac ted  w i t h  d i e t h y l  e ther .  The organic phase was washed w i t h  water, 5% aqueous sodium hydrox- 

ide, and again w i t h  water u n t i l  neutra l  pH was obtained. The organic l a y e r  was separated and 

d r i e d  over sodium s u l f a t e .  Removal of the  e ther  under reduced pressure gave the  3-aryl cou- 

marin. R e c r y s t a l l i z a t i o n  was from ethanol which gave c r y s t a l l i n e  compounds as iumnarized below. 

1: mp 167-168'C; lit.12 mp 167-8'C; y i e l d  47% ms:~'. 228. Anal. b l c d .  f o r  C13H802S: C, 68.40; 

H, 3.53. Found: C, 68.42; H. 3.61. 170 nmr (CH3DI) 6 348 (PO) .  219 (-0-1; nnr 6 158.9. 

152.4. 135.8, 135.1. 130.9. 127.5, 127.4. 127.3, 126.9. 124.4. 121.7. 119.2, 116.1. nmr 6 

8.01 (In, s). 7.81 (1H. q). 7.54 (1H. q), 7.50 (1H. q), 7.42 (IH, q), 7.36 (1H. d). 7.30 (1H. 

m), 7.13 ( In,  q ) .  

2: mp 174-17SDC; y i e l d  36%. Anal. Calcd. for  Cl3HaO2S: C, 68.40; H, 3.53. Found: C, 68.37; H, 

3.57. 170 nmr (CH3CN) 6 348 (C-0); 219 1-0-); 13c nmr 6 159.3, 152.4, 136.6, 134.0, 130.6, 

127.3, 125.8, 125.5, 125.1, 124.0, 122.3, 119.1, 115.8. nmr 6 8.1 (lH, s), 7.88 (IH, s )  7.2- 

7.6 (6H, m). 

3: mp 139-140°C; l i t  mp12 139-140eC, y i e l d  35%. 170 nmr (CH3CN) 6 348 (CEO), 218 (-0-); 13c nmr 

6 159.9. 153.2, 139.3, 134.4. 130.9. 128.4, 128.2, 128.0, 127.5. 124.1. 119.4, 116.0. 'H nmr 
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6 'H nmr 6, 7.77 (IH, s), 7.68 (2H, d), 7.2-7.5 (7H, m ) .  

4: mp 184-185'C; y i e l d  27%. Anal. Calcd. f o r  C15HgC102: C, 70.19; H, 3.53. Found: C, 70.13; 
H, 3.58. 13c nmr 6, 159.7, 153.2, 139.3, 134.6, 132.8, 131.2, 129.4, 128.3, 127.6, 124.2, 
119.2, 116.3. 'H nrnr 6, 7.8 (IH, s), 7.65 (2H, d), 7.54 (3H, m), 7.3-7.43 (3H, m ) .  

5: rnp 157-158.C; y i e l d  30%. Anal. Calcd. fo r  C16H1202: C. 81.33; H. 5.12. Found: C, 81.27; H. 
5.17. 170 nmr (CH3M) 6, 353 (GO). 221 (-0-); I 3 c  nrnr 6, 160.0, 153.1. 138.6, 138.5, 131.6, 
130.7, 128.8, 128.1, 127.4, 124.0. 119.5, 116.1, 21.0. 'H nmr 6, 7.8 (1H. s),  7.6 (2H, d), 7.5 
(2H, d), 7.2-7.4 (4H, m). 

a-(2-Thienyl )-2-bromocinnamic Acid. 

A m ix tu re  of 2-bromobeflzaldehyde (0.1 r o l e ) .  2-thiophene a c e t i c  a c i d  (0.1 mole). 16 ml o f  d i s -  

t i l l e d  t r i e t h y l a m i n e  and 32 ml of a c e t i c  anhydride was ref luxed f o r  12 h. The mix tu re  was 

poured i n t o  ca. 1000 ml of water  and made a l k a l i n e  w i t h  potassium hydroxide fo l lowed by k i n g  

b o i l e d  w i t h  charcoal f o r  ca. 1 h., the charcoal was removed by f i l t r a t i o n .  The f i l t r a t e  was 

coaled t o  approximately 5'C and was a c i d i f i e d  w i t h  concentrated hydroch lo r i c  a c i d  t o  approx i -  

mate ly  pH 4 and a brown s t i c k y  p r e c i p i t a t e  was obtained. The s o l i d  was f i l t e r e d  and r e c r y s t a l -  

l i z e d  from cyclohexane which gave a pa le  y e l l o w  c r y s t a l l i n e  compound 13.5 g. (45%) mp 107- 

108'C. Anal. Calcd. f o r  Cl3HgBrOZS: C, 50.50; H. 2.93. Found: C, 50.41; H. 2.96. The a c i d i c  

f i l t r a t e  was d i l u t e d  w i t h  water and another s o l i d  was obtained. R e c r y s t a l l i z a t i o n  from ethanol 

gave a y e l l o v  c r y s t a l l i n e  compound 2.3 g (10%) mp 167-168'C which had phys ica l  p roper t i es  iden-  

t i c a l  w i t h  those of 1. 
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