
Chinese Chemical Letters Vol. 16, No. 9, pp 1140-1142, 2005 
http://www.imm.ac.cn/journal/ccl.html 

1140 

The Synthesis of a Series of Phosphoryl Coumarins 

Chui Lin RONG1, Xin Cheng LIAO1∗, Jian Chen ZHANG1, Shu Xia CAO1, 
Lun LIU1, Yu Fen ZHAO1, 2 

 
1 Department of Chemistry, The Key Laboratory of Chemical Biology, Zhengzhou University, 

Zhengzhou 450052 
2 Department of Chemistry, The Key Laboratory for Bioorganic Phosphorus Chemistry and 

Chemical Biology, Ministry of Education, School of Life Sciences and Engineering, 
Tsinghua University, Beijing 100084 

 
 
Abstract: Different hydroxy substituted coumarins were successfully phosphorylated with 
diisopropylphophite (DIPPH) by the Atherton-Todd reaction in 76-89% yields.  Moreover, the 
reaction activities of different hydroxys of the coumarins in the Atherton-Todd reaction were 
studied. 
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It is well known that the phosphorylation and dephosphorylation of proteins play an 
important role in regulating complicated biochemical processes1.  Moreover, phosphor- 
ylated biomolecules and medical molecules have many unique activities and characteris- 
tics2.  Our group did a lot of work in the phosphorylation of amino acid and phenolic 
hydroxyl group by the Atherton-Todd reaction and found that it was an effective method 
to synthesis the phosphoric esters3.  

Coumarin derivatives possess a wide range of various biological and pharmaceutical 
activities4,5, and some of them are also used as a fluorescence probe6.  In addition, the 
phosphocoumarin derivatives have been used as agricultural insecticides7-9 and phospha- 
tase substrates10,11.  In order to investigate the influences of the phosphoryl on the bio- 
logical activities of coumarins, we synthesized a series of phosphoryl coumarins deriva- 
tives by the Atherton-Todd reaction in 76-89% yields (Scheme 1 and Table 1). 

In the reaction, the diisopropylphophite (DIPPH) was used as phosphorylating agent, 
carbon tetrachloride as the chlorinating agent in basic organic media.  When coumarin 
derivatives contained only one hydroxyl group, such as 7-hydroxycoumarin derivatives 
1a-c, 7-phosphoryl products 2a-c would be obtained.  For 5,7-dihydroxyl coumarined 
1d and 6,7-dihydroxyl coumarin 1e, diphosphoryl products 2d or 2f would be obtained if 
the mole ratio of 1d (or 1e) with diisopropylphophite was 1:2.  However, if the mole 
ratio of 1d or 1e with diisopropylphophite was equivalent, the result was different.  The 
product 2e was obtained from 1d, and 2g from 1e.  2g was cultivated into crystal and  
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Scheme  1 
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Table 1  Dialkyloxyphosphoryl coumarin derivatives 
 

Entry R1 R2 R3 R4 R'3 R'4 R'5 
Yield 
(%)a 

1a H H H H     
1b H CH3 H H     
1c C2H5 CH3 H H     
1d H CH3 OH H     
1e H CH3 H OH     
2a H H   H H P(O)(OPri)2 89 
2b H CH3   H H P(O)(OPri)2 87 
2c C2H5 CH3   H H P(O)(OPri)2 85 
2d H CH3   OP(O)(OPri)2 H P(O)(OPri)2 80 
2e H CH3   H H P(O)(OPri)2 82 
2f H CH3   H OP(O)(OPri)2 P(O)(OPri)2 76 
2g H CH3   H OP(O)(OPri)2 H 83 

a All yields are isolated yields. 
 

Figure 1  The crystal structure of 2g 
 

 
 
confirmed by X-ray crystal analysis (Figure 1). 

After completing calculations using quantum chemistry, we find that the negative 
charge of the 5-hydroxy and 6-hydroxy group is greater than that of 7-hydroxy group for 
compound 1d and 1e(Figure 2).  So the nucleophilic reactivity of 5-hydroxy and 
6-hydroxy group is stronger than that of 7-hydroxy group.  Therefore, if 7-hydroxy 
coumarin derivative contains meta-situ or ortho-situ hydroxyl group, it was impossible to 
obtain a single 7-phosphorylated coumarin product.  However, for the meta-situ or 
ortho-situ hydroxyl group, only 5-phosphorylated or 6-phosphorylated coumarin product 
could be obtained by controlling the molar ratio. 
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Figure 2  The electron population of compounds 1d, 1e in their stable conformations (the net 
charges of atomsare in parenthesis) 
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