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Abstract—A cascade Wittig reaction-double Claisen & Cope rearrangements has been employed for a 

one-pot synthesis of diprenylated coumarins gravelliferone, balsamiferone & 6,8-diprenylumbelliferone 

from a common precursor 2,4-diprenyloxybenzaldehyde © 2009 Elsevier Science. All rights reserved 
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Cascade,1 domino2 or tandem3 reactions play an important role in the construction of complex molecular 

framework in fewer steps leading to saving time, cost and energy. In 2002, Schobert and Gordon 

reviewed domino Wittig and pericyclic reactions for bioactive heterocycles.4a Taylor and Quesada 

reported a tandem Horner-Wadsworth-Emmons olefination/Claisen rearrangement/hydrolysis 

sequence.4b In continuation of our interest in such reactions, we explored a Wittig reaction in 

combination with ene,5a Diels-Alder,5b electrocyclic,5c oxidation5d and reduction5e reactions. Herein, we 

report one-pot synthesis of naturally occurring gravelliferone 1, balsamiferone 2 and 6,8-diprenyl- 

umbelliferone 3 from 2,4-diprenyloxybenzaldehyde 4, employing a cascade Wittig reaction, double 

Claisen  & Cope rearrangements. 

O OOH

O OOH O OOH

1 2

3  
 

  



 

Coumarins are a group of an important class of abundant natural oxygen heterocycles having a wide 

range of biological activities6 such as anti-HIV, anti-tumor, anti-hypertension, anti-arrhythmia, anti-

osteoporosis, pain relief, antisepsis as well as prevention of asthma. Several of these coumarins have 

prenyl side chains in their skeleton either intact or in a modified form as a furan or pyran ring.7 

Gravelliferone 1 [3-(1,1’-dimethylallyl)-6-(3,3’-dimethyl allyl)-7-hydroxy coumarin] isolated8 from R. 

graveolens, balsamiferone, 2 [3,6-di-(3,3’-dimethylallyl)-7-hydroxy coumarin] isolated9 from Amyris 

balsamifera, and 6,8-diprenylumbelliferone 3 isolated10 from Citrus species are three typical 

diprenylated coumarins. 
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Scheme 1 Synthetic plan for gravelliferone. 

 

All the known synthetic routes11 for the gravelliferone 1 employ single Claisen-Cope rearrangement for 

the introduction of a prenyl group in the pyran ring. Realizing the presence of two such prenyl groups in 

the skeleton, we speculated that if two consecutive Claisen-Cope rearrangements can occur, a concise 

route for 1 could be unfolded. Thus, 2’-prenyloxy group of the ethyl cinnamate 6 could undergo 

preferential Claisen-Cope rearrangement over 4’-prenyloxy group due to steric crowding during the 

formation of 1 via 7-prenyloxy-6-prenyl coumarin 8, a well known intermediate11 for the synthesis of 

gravelliferone (Scheme 1).  Recently, Nicolaou et al. demonstrated two such consecutive Claisen 

rearrangements for the total synthesis of artochamins.12  

To check the above hypothesis, the required 2,4-diprenyloxybenzaldeyde 4 was prepared from 2,4-

dihydroxybenzaldehyde in a straight forward manner.13a Initially, the Wittig reaction was carried out in 

refluxing diphenyl ether for 20 min. To our satisfaction, we could isolate 8 (30%) along with 6 (50%). 

After confirming the formation of 8, we proceeded to the planned synthesis of 1 by extending the 

refluxing time in diphenyl ether for 4h. Purification of reaction products by flash chromatography, 



 

provided 7-prenyloxy-3-prenyl coumarin 9 (2.5%), 8,9,9-trimethyl-6-(3-methylbut-2-enyl)-8,9-dihydro-

2H-furo[2,3-h]chromen-2-one 10 (15%), 6,8-diprenylumbelliferone 3 (15%), balsamiferone 2 (5%),11c,14 

gravelliferone 1 (10%), and demethylsuberosin 11 (20%) (Scheme 2).13b 

 

O

CHO

O OOH O

OOH O
OOH O

OO O
O OO

OOH O

+

+

+

+

+

4

10

11

3

9

1

2

(a)

 
 
Scheme 2  Reagents and conditions: (a) Ph3P=CHCOOEt 5, PhOPh, reflux. 

 

The formation of gravelliferone 1 is rationalised by a postulated sequential Wittig reaction,  the first 

Claisen rearrangement of 2’-prenyloxy group leading to 12 followed by 3,3-sigmatropic rearrangement 

(Cope rearrangement) via route a (Scheme 3) to form intermediate 7, which on cyclisation forms pyran 

ring 8.  The second Claisen rearrangement of the 7’-prenyloxycoumarin 8 to form 13, followed by two 

consecutive Cope rearrangements gives 1 via 14. While 10 is formed by annulation of intermediate 13, 

3-prenyl-7-prenyloxy coumarin 9 may have arisen by Cope rearrangement product 15 (from 12) getting 

cyclised (Scheme 3, route b).  The balsamiferone14 2 may have formed by prenylation of the 

deprenylated product demethylsuberosin 11 or from 9 via an intra/intermolecular pathway. Similarly, the 

natural product 6,8-diprenylumbelliferone 3 may have formed from direct prenylation of 11 or by 

intramolecular prenylation of 8 (Scheme 3).  
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Scheme 3  Postulated mechanism for the formation of 1, 2, 3 and  9. 

 

In conclusion, the present work successfully demonstrates utility of the cascade Wittig reaction, double 

Claisen and Cope rearrangements for the synthesis of naturally occurring coumarins gravelliferone 1, 

balsamiferone 2, and 6,8-diprenylumbelliferone 3 in a single step. This is the shortest route for the 

synthesis of gravelliferone 1 and balsamiferone 2 and the first report on the total synthesis of 6,8-

diprenylumbelliferone 3. Further studies to see the effect of introduction of group at 3-position of 

coumarin by using appropriate Wittig reagent on this double Claisen-Cope rearrangements and the 

possibility of cascade Wittig multiple Claisen-Cope rearrangements will be undertaken. 
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