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3-[Cyclopent-2-enyl]-4-hydroxy[ I ]benzopyran-2-one 3 has been prepared by the reaction of 3..chlorocyclopent-2-ene 2 
and 4-hydroxy[ I ]bcnzopyran-2-one 1. Compound 3 or its acetate 4 on treatment with pyridine hydrotribromide in dichlo­
romethane at 0-5°C for 2 hr gives fu sed furo chromone 5 in 90 % yield. Compound 5 on refluxing in 50 % sulphuric acid 
rearranges to the fused furocoumarin 7 in 87 % yield. 

Coumarin I and its derivatives2 are important com­
pounds due to their phys iological activity . The bio­
logical activity-" 4 of 4-alkyl- and 3-alkylcoumarins 
has 'made their synthesis5 interesting. During our 
work on the synthesis of fused bicyclic coumarins6 

we encountered some interesting observations which 
we report here. 

3-[Cyclopent-2-enyl]-4-hydroxy[ I] benzopyran-2-
one 3, the starting material for this study, was easily 
prepared as a crystalline solid m.p 134°C in 50% 

. yie ld fro m the reacti on of 4-hydroxy[ I ]benzQPyran-2-
one? J and 3-chl orocyclopentene8 2 in refluxing ace­
tone in the presence of anhydrous potassium carbon­
ate (Scheme I ). 

Results and Discussion 
Two approaches for the cyclisation of 3-[cyclo­

pent-2-enyl] -4-hydroxy[ I ]benzopyran-2-one were 
considered . The first one was through a sequence of 
reactions9

: (i) conversion of the hydroxy to acetate, 
and deri vative, (ii ) addition of bromine to cyclopen­
tenyl double bond of the acetate (iii) treatment of the 
dibromide with reflu xing ethanolic potassium hy-

+ 

1 

drox ide . The compound 3 on treatment with acetic 
anhydride and freshl y fused sodium acetate furnished 
the solid acetate derivative 4 in 90 % yield. However, 
the reaction of the acetate derivative with bromine in 
acetic ac id gave a mixture which we could not effec­
ti vely separate . So we attempted to use a somewhat 
milder reagent pyridine hydrotribromide for this cy­
c1 isati on. The acetate 4 was treated with pyridine hy­
drotribromide in dichloromethane at O-s oC for 2 hr to 
give a crystalline solid in 90% yield. This was also 
obtained in 89% yield when compound 3 was directly 
treated with pyridine hydrotribromide under the same 
reaction condition, (Scheme II). This product 5 re­
sisted l.oss of HBr when refluxed with 5% ethanolic 
KOH or 2,4,6-collidine in chloroform for 3 hr or an­
hydrous potassium carbonate in acetone. Structure 5 
was assigned for this product on the basis Ol its ele­
mental analysis and spectral data (vide Experimental). 
The formation of chromone skeleton is clearly indi­
cated by the IR absorption band at 1650 cm' l and IH_ 
NMR signal, a doublet of a doublet (IH, C6-H) at 8 
8.20-8.40. 

A possible pathway for the formation of chromone 

""'IJ:J) Uo~o" 
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Scheme I 

t For a preli minary report see ref. 15. 
t E-mail: kcm@klyuni v.ernel. in 
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Scheme III 

5 from 3 or acetate 4 may involve formation of an 
intermediate bromonium ion 6 followed by 5-exo cy­
clisation to give the chromone derivative 5 (Scheme 
III). Chromone 5, if refluxed in 50% sulphuric acid 
for 8 hr, rearranges to the coumarin derivative 7, yield 
87%, m.p 135°C. The conversion of chromone 5 to 
coumarin 7 is clearly indicated by the IR absorption 
band at 1720 instead of 1650 cm" (in 5) and the shift 
of the low field I H double doublet centred at 0 8.30 
in 5 to high field in 7. It seems that the lactone form 
is more stable in acid than the y-pyrone form. 

There are two possible pathways through which the 
intermediate bromonium ion 6, can cycl ise, via the 
nucleophilic attack by the oxygen at the C-2' of the 
cyclopentenyl side chain (5-exo cyclisation) may give 
the fused furo derivative 5, 7 or the nucleophilic at­
tack at the C-3' of the cyclopentenyl side chain (6-
endo cyclisation) would provide the bridged bicyclic 

derivative Sa, 7a. 6-endo-Cyclisation to give Sa and 
7a may not be an allowed process of Baldwin' s rule.1O 

However, the ass ignment of structures for the prod­
ucts from the available spectral data proved inconclu­
sive . Accordingly the single crystal X-ray analyses" 
of these products were carried out to definitely estab­
li sh their structures . Alternati ve structures Sa and 7a 
for the products were di scarded on the basis of the X­
ray data". Pluto structures of the products 5 and 7 are 
shown in Figures I and 2, respectively . Product 5 is 
kineticall y controlled and is formed exclusively. 
Thermodynamic product 7 is obtained only by acid­
catalysed rearrangement of 5. 

It is interesting to note that the bromonium ion in­
termedi ate 8, derived from the reaction of 0-

cyclohexenylphenols and pyridine hydrotribrornide '2 
or hexamethylene hydrotribromide 13

, cyclises exclu­
sive ly to the bridged bicyc lic product 9 (Scheme IV). 
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Figure 1 

However, the corresponding 3-(2-cyclohexenyl)-4-
acetoxycoumarin 10 on treatment with pyridine hy­
drotribromjde in dichloromethane at a-5°C for 2 hr 
gave mostly the tribromo derivative l4 12 (Scheme V). 

Cycl isation of the proposed intermediate 6 is facile 
under such a mild condition perhaps due to favour­
able juxtaposition of the reacting functionalities to 
furnish a stable cyclic furochromone 5. The failure of 
compound 10 to give the corresponding bicyclic de­
rivative is attributable to the fact that the preferred 
conformation with bulky 3-coumarinyl moiety in 
equatorial orientation does not provide nucleophilic 
-OH group in proxirruty with carbon bearing the nu­
c1eophobic Br. 

The cyclisation of substrate 3 to chromone 5 pre-
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Figure 2 
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sented here is simple and regioselective. The trans­
formation of chromone 5 to coumarin 7· is unusual 
and noteworthy. 

Experimental Section 
General. Melting points are uncorrected. UV ab­

sorption spectra were recorded in EtOH on a Hitachi 
200-20 spectrophotometer (Amax in nm) and IR spectra 
in KBr discs on a Perkin-Elmer 1330 apparatus (vrnax 

in cm·I). IH NMR spectra were run in CDCl) with 
SiMe4 as internal standard on a Jeol Fx-IOO (100 
MHz) inst rument at the Indian Institute of Cherrucal 
Biology, Calcutta and on a Bruker 400 (400 MHz) 
instrument at the University of Alberta, Edmonton 
(chemical shifts in 8 ppm). Single crystal X-ray 
analyses were carried out at the Indian Institute of 
Science, Bangalore. Elemental analyses and mass 
spectra were recorded by RSIC (CDRI), Lucknow. 
Silica gel (60-120 mesh) was obtained from Qualigen 
and alurrunium oxide (basic) from SRL. Extracts were 
dried over anhydrous sodium sulphate. 

Preparation of 3-[ cyciopent-2-enyJ]-4-

12 

Scheme V 
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bydroxy[1]benzopyran-2-one 3. 4-Hydroxy­
coumarin 1; (6.5 g, 40 mmoles), 3-chlorocyclo­
pentene (2; 5 g, 50 m mole) and anhydrous potassium 
carbonate (6 g, excess) was refluxed in acetone (250 
mL) on a water-bath for 2 hr. The reaction mixture 
was cooled and filtered. The solvent was removed 
and the residue was extracted with ether (3x50 mL), 
and the ether extract washed with sodium bicarbonate 
solution (5 %, 2x50 mL), brine (2x50 mL) and dried 
(Na2S04). Removal of ether gave a crude mass which 
was chromatographed over silica gel (60-120 mesh). 
The product 3 was obtained when the'. column was 
eluted with benzene-pet. ether (bp 60-80°C) (l: 1), 
yield 50%; mp 134°C; UV: 272 (log E 3.94), 284 (log 
E 3.97), 310 (log E 3.91); IR: 3120 (broad), 2900, 
1700, 1630; IHNMR: 02.40-2.96 (m, 4H), 4.24-4.60 
(m, Ill), 6.00-6.40 (m, 2H), 7.24-7.60 (m, 4H), 7.72-
7.88 (dd, lH, J = 8.5: 1.5 Hz); MS: 228 (M+). Anal 
calcd. for C1J11203 C, 73.68; H, 5.26%. Found: C, 
73.60; H, 5.47%. 

Preparation of acetate deriv~tive 4 of compound 
3. A mixture of the hydroxy compound 3 (1.14 g, 5 
mmoles) and freshly fused sodium acetate (0.2 g) was 
heated in acetic anhydride (10 mL) on a waterbath for 
5 hr. The reaction mixture was cooled and poured 
into ice-water, stirred well when an insoluble solid 
was obtained. This was recrystallised from chloro­
form-pet. ether (60-80°C) to give a white crystalline 
solid 4, yield 90%, mp 114°C; UV: 274 (log E 4.25), 
314 (log E 4.07); IR: 2980, 1790, 1740, 1650, 1210; 
IH NMR: 0 2.36 (s, 3H), 2.36-2.80 (m, 4H), 4.04-4.40 
(m, IH), 5.64-6.12 (m, 2H), 7.24-7.60 (m, 4H); MS: 
rnIz 270 (M), 228 (base peak), 227. Anal. CaIcd. for 
C1Jil404 C, 71.11; H, 5.18%. Found: C, 71.39; H 
5.33%. 

Cyclisation of 3-cyclopent-2-enyl-4-acetoxy[1]­
benzopyran-2-one 4. The solid pyridine hydrotri­
bromide (1.28 g, 4 mmoles) was added to a solution 
of the acetate 4 (1.08 g, 4 mmoles) in dichlo­
romethane (55 mL). The reaction mixture was stirred 
for 2 hr on a magnetic stirrer at 0-5°C. Dichlo­
romethane (50 mL) was added to the red coloured 
solution. This was then washed with dilute sodium 
bicarbonate solution (3x20 rnL) , water (3x20 rnL) 
and dried (Na2S04).The solvent was removed and the 

crude solid was recrystallised from chloroform­
hexane, to give 5, yield 90%; mp 130°C; Uv: 240 
(log £ 3.95), 284 (log £ 4.1S); IR: 2990, 16S0 ( 
>C=O), IS80; 'H NMR: 0 2.04-2.60 (m, 4H), 4.04-

4.40 (dt, I H, J = \,2, 8 Hz), 4.48-4.68 (br s, IH), 
5.44-5 .68 (d, IH, J = 8 Hz), 7.32-7.80 (m, 3H: Ar-H), 
8.20-8.40 (dd, IH, J = 8.5, \.S Hz, Ar-H); I3C NMR: 
8 174.7 (C-5), 167.7 (C-lOa), 153.3 (C-9a), 132.6 (C-
8), 125.7 (C-6), 125.6 (C-7), 123.8 (C-5a), 117.3 (C-
9), 97 .1 (C-I a), 94.5 (C-4b), 52.3 (C-2), 41.6 (C-4a) , 
33.2 (C-4), 29.1 (C-3); MS: 308, 306 (M+), 227 (M­
Br), 226 (base peak) .. Anal. Calcd. for C1J11103Br C, 
54.90; H, 3.59%. Found: C, 54.96; H, 3.35%. 

Conversion of chromone 5 to coumarin 7 with 
sulphuric acid. The chromone 5 (0.9 g, 3 mmoles) 
was heated in 50% sulphuric acid (9 rnL) on a water­
bath for 8 hr. The reaction mixture was poured into 
ice-cold water (50 rnL) and extracted with chloroform 
(3x50 rnL). The chloroform extract was washed with 
5% sodium bicarbonate solution (3x20 rnL), water 
(3x20 mL) and dried (Na2S04)' Removal of solvent 
gave a solid mass which was recrystallised from chlo­
roform-pet. ether (~p 40-60°C) to give the product 7, 
yield 87 %, mp 135°C; UV: 240 (log £ 3.70), 277 (log 
£ 3.97), 289 (log £ 4.08), 314 (log E 4.07), 328 (log £ 

3.93); IR: 2990, 1720 ( >C=O); lH NMR: 82.04-2.60 
(m, 4H), 4.00-4.20 (t, I H, J = 8 Hz), 4.52-4.68 (d, IH, 
J = 3 Hz) , 5.60-5.76 (d, IH, J = 8 Hz), 7.30-7.80 (m, 
4H, Ar-H); I.1C NMR: 8 165.5 (C-lOb), 160.1 (C-5), 
154.9 (C-6a), 132.6 (C-8), 124.0 (C-9), 122.7 (C-IO), 
116.9 (C-7), II \.9 (C-lOa), 104.9 (C-4b), 97.5 (C­
I a), 53 .0 (C-2), 43 .5 (C-4a), 33 .3 (C-4), 29.1 (C-3); 
MS: mJz 308, 306 (M+), 227 (M-Br), 226 (base peak). 
Anal. Calcd. for CI~HII03Br C, 54.90; H, 3.59%. 
Found: C, 54.87; H, 3.63%. 

Acknowledgement 
We are thankful to the CSIR, New Delhi for finan­

cial assistance. 

References and Notes 
1 Audus L J & Quastel J H, Nature, 159,1947,320. 
2 Feuer G, in: Medicinal Chemistry, edited by Ellis' G P and 

West G B (North-Holland publishing Company, New York), 
1974. 
(b) Dean F M, Naturally Occurring Oxygen Compounds 
(Butterworths , London), 1963. 

(c) Murray R D l-i, Mendez J & Brown S A, The Natural 
Coumarins: Occurrence. Chemistry and Biochemistry, 
(Wiley Interscince, New York), 1982. 

3 Deana A A, J Mednl Chem, 26, 1983, 580. 

4 (a) Gordon M, Grover S H & Strothers J B, Can J Chem, 51 , 
1973,2092. 
(b) Wenker! E & Buckwalter B L, JAm Chem Soc, 94, 1972, 
4367. 



1252 INDIAN J CHEM, SEC B, NOVEMBER 1999 

5 (a) Wawluneck S, in: Heterocyclic Compounds, Vol. 2, ed- 7 Uno H, Kawa M K & Nishimura H, Chem Pharm Bull, 24, 
ited by R C Elderfield (Wiley, New York), 1951, 176. 1976,644. 
(b) Staunton J, in: Comprehensive Organic Chemistry, Vol. 8 (a) Holton R A, JAm Chem Soc, 99, 1977, 8083. 
4, edited by P G Sammes, (Pergamen Press, Oxford), 1979, (b) Org Synth Coil IV, Page 238. 
646. 9 (a) Majumdar K C & Sen B K, Indian J Chem, 22B, 1983, 
(c) Hepworth J D, in: Comprehensive Heterocyclic Chemis- 1183. 
try, Vol. 3, edited by A J Boulton, A Mckillop, (pergamon (b) Majumdar K C, Chattopadhyay S K & Sen B K, Indian J 
Press, Oxford), 1984, 799. Chem, 25B , 1986,56. 
(d) Cairns N, Harwood L M, Astles D P & Orr A, J Chem 10 Baldwin J E, J Chem Soc Chem Commun, 1976, 734. 
Soc Chem Commun, 1986, 182. II Atomic Coordinates, bond lengths and angles and thermal 
(e) Cairns N, Harwood L M, Astles D P & Orr A, J Chem parameters and FolFc have been deposited at the Cambridge 
Soc Chem Commun, 1986, 750. Crystallographic Data Centre. 
(f) Cairns N, Harwood L M, Astles D P & Orr A, J Chem 12 Majumdar K C & Kundu A K, Can J Chem, 73,1995,1727. 
Soc Chem Commun, 1986, 1264. (b) Majumdar K C & Kundu A K, Indian J Chem, 32B, 
(g) Majumdar K C & De R N, J Chem Soc Perkin Trans I, 1993, 605. 
1989,1901. 13 Majumdar K C, Kundu A K & Chatterjee P, Synth Commun , 

6 Majumdar K C, Khan AT & Gupta A K, Synth Commun, 20, 26, 1996 893. 
1990,1249. 14 Majumdar K C, Khan A T, Gupta A K, Kundu A K & 
(b) Majumdar K C, Choudhury P K, Synth Commun, 22, Choudhury P K, Indian J Chem, 31 B, 1997,667. 
1992, 3013. 15 For a preliminary communication on this see Majumdar K C, 
(c ) Gupta A K, Ph D Dissertation, University of Kalyani, Choudhury P K & Nethaji M, Tetrahedron Lett, 35, 1994, 
199\. 5994. 


