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ORGANIC PREPARATIONS AND PROCEDURES INT. 4(5 ) ,  233-236 (1972) 

A NEW SYNTHESIS OF THE COUMESTAN RING SYSTEM 

Thomas Kappe and Heinrich Schmidt 

Institute f o r  Organic Chemistry, 

University of Graz, A-8010 GRAZ, Austria 

The catalytic dehydrogenation of some 6-hydroxy-1,2-dihy- 

dro-4H-pyrrolo(3,2,1-ij)quinolin-4-ones lead to the corres- 

ponding indoles in the presence of Pd/C at about 250O. 

However, with the 5-phenyl derivative (I), an interesting 

secondary reaction occurred, resulting in the formation of 

7H-benzofuro ( 3,2-c )pyrrolo ( 3,2 , 1-i j )quinolin-7-one (11). 

1 

In order to test the generality of this cyclodehydrogena- 

tion of malonyl heterocyclic compounds, we studied the de- 

hydrogenation of some 4-hydroq~-3-phenyl-coumarins (111 a-a). 

We chose compounds of type 111 because the expected 6H-benm- 

furo(3,2-c)(l)benzopyran-6-ones (1V)also known as "coumeBten@, 

have the basic structure of many naturally occurring com- 

pounds such as wedelolactone, desmethylwedelolactone, psora- 

lidin, isopeoralidin, erosnin and the estrogenic coumestrol. 
233 
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T. KAPPE AND H. SCHMIDT 

I11 a-d IV a-d 
a: R1 =R2 = H  C: R1 = R2 = CH, 
b: P 5 CH3 ; F@ PH d: Rl = OCH, ; FP P H  

Cyclization of the.4-hydroxycoumarins I11 was achieved in 

boiling diphenyl ether (b.p. 252O) in the presence of lO%Pd/C 

catalyst, while air is bubbled through the reaction mixture. 

The coumestans IVa-d can be easily separated from the starting 

materials by their insolubility in 0.5 N sodium hyd.roxide. 

They show a blue fluorescence on TLC under W-light. In the 

nmr 

to 6=8.0-8.3 ppm is characteristic for these compounds. 

spectra the downfield shift of the proton at position 'i 

EXPERIMENTAL 

The 4-hydroxy-3-phenyl-coumarins I11 a-d were prepared 
4 according to Ziegler and Junek. 

6H-Benzofuro-(3,2-c)(l)benzopyron-6-ones IV. 
General procedure. - A solution of 0.005 mole of I11 in 

5-10 ml diphenyl ether containing 1 g of 10% Pd/C was heated 

to reflux under an air condenser while air is bubbled through 

the solution at a slow rate (0.5ml /min). 

the dehydrogenation can be followed by tlc inspection of the 

reaction mixture. The reaction is stopped after about 80% 

conversion to IV has taken place (in order to minimize decom- 

position reactions). Compounds IV exhibit a blue fluoresceme 

The progress of 

234 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



A NEW S Y N T H E S I S  OF THE COUMESTAN R I N G  S Y S T E M  

and have greater Rf values than the starting materials. Iso- 

lation of the reaction products is accomplished by diluting 

the reaction mixture with l5Omlof hot benzene, filtering the 

catalyst, washing the resulting solution with 0.5 N NaOH, 

removing the organic solvents in vacuo, and finally digesting 

the residue with petroleum ether (b.p. 30-60O). 

- IVa: 57% yield as needles from methanol, mp. 181-182O 

(lit? mp. 181-182O); IR 1735s (C-0), 1625m, 

nmr 7.15-7.90 (m, 7, ArH), 7.95-8.15 (m, H at (3-7). 

1600m ern-'; 

- IVb: 76% yield as prisms from benzene-cyclohexane or need- 
les from ethanol, mp. 157-158O; IR 1735s (C-01, 1 6 3 0 ~ ~  1570 

m cm'l; nmr 2.43 (s,CH3), 7.2-7.75 (m, 6, ArH), 8.0-8.2 (m, 

H at C-7). 

- Anal. Calcd for Cl6Hl0O3: C, 76.79; 8, 4.03. 

Found: C, 76,53; H, 4.05. 

- IVc: 80% yield as rods from benzene, mp. 220-222'; 

IR 1725s (CPO), 1640m, 1600w cm-'; nmr 2.40 ( 8 ,  2, CH,), 

7.20-7.75 (m, 5, ArH), 8.05-8.25 (m, H at C-7). 

Anal. Calcd for C17H1203: C, 77.26; H, 4.58. 

Found: C, 77.06; H, 4.52. 

- IVd: 69% yield as rods from benzene-cyclohexane, mp. 155- 

157'; IR 1730s (C-0), 1570m cm-'; nmr 3.95 ( 8 ,  OCH,)i 7.0- 
7.8 (m, 6, A r H ) ,  8.05-8.25 (m, H at C-7). 

Anal. Calcd for C16H1004: C, 72.18; H, 3.78. 

Found: C, 72.14; H, 3.77. 

7H-Benzofuro (3,2-c)pyrrolo (3 (2 ,l-ij)quinolin-7-one (11) : 

According to the procedure described for compounds IV; how- 

ever, 2 g Pd/C, 50 ml of diphenyl ether and 300 ml of benzene 
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T. KAPPE AND H .  SCHMIDT 

have been used: 58% yield as needles from ethanol, mp. 206- 
208’; 

H at C-4); 8.04 (a, J = 3.5 Hz, H at C-5), 7.20-8.05 (m, 6, A r H x  

8.2-8.4 (m, H at C-8). 

IR 1685s (C=O), 1605m cm-l; nmr 6.86 (d, J =  3.5 Hz, 

- Anal. Calcd for C17H9N02: C, 78,76, H, 3.50, N, 5.40. 

Found: C, 78,47, H, 3.61, N, 5.52. 
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