
Selective O-glucosylation of 4,7-dihydroxycoumarin 

Valery F. Traven*a, Lidija S.Krasavina* , Elena Yu. Dmitrieva3 and Edward A. Carberryb 

a: Department of Organic Chemistry, D.Mendeleev University of Chemical Technology of Russia, 

Moscow, 125047 Russia 

b: Department of Chemistry, Southwest State University, Marshall, MN 56258, USA 

Abstract: Selective glucosylation of 4,7-dihydroxycoumarin 1 has been studied. Different acidity of 
4- and 7-hydroxyl functions provides the corresponding synthetic paths. Interaction of 4,7-
hydroxycoumarin monosodium salt with 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide 2 in DMFA 
followed by the product deacetylation provides 4-0-(ß-D-glucopyranosyl)-7-hydroxycoumarin 3. 
Interaction of 4-benzyloxy-7-hydroxycoumarin 4 with 2 followed by the product deacetylation and 
debenzylation provides 7-0-(ß-D-glucopyranosyl)-4-hydroxycoumarin 5. 

Introduction 

Natural coumarins are well known for their biological effect (1,2). Series of glucosyloxycoumarins 

have also been isolated. Their structure and biological activity have been studied (3-5). 4-Phenyl-

coumarinyl glucosides have been found to provide antiinflammatory activity (6). Umbellyferyl 

glucosides showed an antirithmic activity (1). The most of more than 60 isolated coumarinyl glicosides 

belong to the 7-hydroxycoumarin derivatives which contain one, two or three alkylated ( glucosylated) 

hydroxyl functions at positions 4, 5, 6 or 8 ( 5 ) . 

Synthetic availability of corresponding glucosides depends on selectivity of glucosylation steps. 

Nevertheless, there are no reports in literature where selective glucosylation of polyhydroxycoumarins 

have been studied. Potential difficulties of directed coumarinyl glucoside synthesis can be illustrated by 

attempts of selective O-alkylation of 6,7-dihydroxycoumarin (7) and concurrence of O/C-alkylation of 

4,7-dihydroxycoumarin ( 8,9 ). 

Results and Discussion 

We have developed synthetic paths of selective glucosylation of 4,7-dihydroxycoumarin 1 based on 

the 4-and 7-hydroxyl function different acidities: pKa values have been reported to be equal to 4.74 and 

9,46 respectively ( 1 1 ) . Change of base strength turned to be the key to undertake selective electrophilic 

reactions at the hydroxyl function at position 4. For example, protection of this hydroxyl function via 
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alkylat ion react ion can prov ide regiospecific glucosylat ion of hydroxyl g r o u p located at posit ion 7. 

Never theless , s ta r t ing with 4 hydroxyl g r o u p benzylat ion of 1 we could not get good results 

when known procedures (8,9) had been used . O n oppos i te to Buckle et al. d a t a (8), we have found 

benzylat ion of 1 by benzyl chlor ide in D M F A in the presence of N a H at 100°C to provide, besides 4 

hydroxyl a lkyla t ion , fo rma t ion of several subside p roduc t s - mono- , di- and tr i-benzylated substrates . 

Benzylation of 1 at lower t empera tu re ( 65°C ) led to decrease of convers ion of s ta r t ing compounds , but 

it did not increase selectiv ity of benzylat ion at 4 hydroxyl func t ion . 

Use of me thano l as a solvent resulted also in fo rma t ion of mixture of a lkylat ion products . W e have 

isolated 3-benzyl -4 ,7-d ihydroxycoumar in 6 as main p roduc t in the benzylat ion p rocedu re in the presence 

of sodium b ica rbona te . Earlier A n k e r and Massicot repor ted p redomina t ion of 3-benzyl-7-benzyloxy-4-

hydroxycoumar in fo rma t ion in similar condi t ions , when c o m p o u n d 1 had been t rea ted by benzyl chloride 

in methanol in the presence of potass ium ca rbona t e (9). 

W e have p repared 4-benzyloxy-7-hydroxycoumar in 4 by benzylat ion of 1 in d imethy l fo rmamide in 

the presence of sodium c a r b o n a t e at 50°C; c o m p o u n d 6 has also been isolated as a subside produc t in 

these condi t ions . S t ruc tures of c o m p o u n d s 4 and 6 have been approved by their Ή N M R and mass 

spectra . T h e r e is no 3-H p ro ton signal in Ή N M R spect rum of 6 and singlet of C H : p ro tons in it is seen 

in a s t ronger field: at 4.02 ppm instead of 5.14 ppm in the spec t rum of c o m p o u n d 4. 

scheme 1 

4 6 

Mass spec t ra of both 4 and 6 contain molecular ion peaks ( m/z 268 ) and benzyl ion peaks ( m/z 

91 ). C o m p o u n d 6 mass spect rum is also specified by the peak of 0 = C = C - C H 2 - P h ( m/z I3l ), which is 

impossible ( and is not seen) in mass spectrum of 4. 

T h e f o u n d results of benzylat ion are in acco rdance with effective resonance d e r e a l i z a t i o n of 

negative charge in ionized form of 4 ,7-d ihydroxycoumar in 1 as it is shown on the scheme 1. 
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Glucosylation of 4 has then been carried out in reaction of compound 4 sodium salt with 

acetobromoglucose 2 in acetone. 7-0-(ß-D-2,3,4,6-tetra-0-acetylgiucopyranosyl)-4-benzyioxycoumarin 7 

has been isolated as a main product. Mass spectrum of 7 is specified by molecular ion peak ( m/z 599 ), O-

acetyl glucose fragment ion peak ( m/z 331 ) ( which is formed due to scission of C-O glucoside bond ) 

and benzyl ion peak ( m/z 91 ). 

Deacetylation of 7 has been undertaken both by sodium methylate treatment and with use of ion 

exchange resin AV-17. 7-0-(ß-D-glucopyranosyl)-4-benzyloxycoumarin 8 has been prepared in both 

cases in good yield. Doublet of anomeric proton at 5.1 ppm is definitely seen in Ή N M R spectrum with 

value of splitting constant J = 7.3 Hz providing ß-orientation of coumarinyloxy fragment in glucoside 8. 

Mass spectrum of 8 contains molecular ion peak ( m/z 431 ), aglycone ion peak ( m/z268 ) and benzyl ion 

peak ( m/z 91 ). 

Debenzylation of 8 has been undertaken by hydrogenolysis of O-C bond over Pd/C catalyst with 

formation of 7-0-(ß-D-glucopyranosyl)-4-hydroxycoumarin 5 as it is shown on scheme 2. 

scheme 2 

O C H 2 P h 

Ο ^ O 

OCH 2 Ph P h C H 2 0 

Ac Ο 

MeONa 
MeOH 

CHLOH 

P h C H 2 0 
H , Pd/C 

ί I 

'H N M R and mass spectral data agree with the proposed structure of the final product 5. Signals 

of the glucopyranose protons are seen at 3.36-3.88 ppm in its 'H N M R spectrum. Doublet of anomeric 

proton is located at 5.03 ppm with splitting constant value J=7.3 Hz with accordance to ß-configuration. 

The coumarin ring protons are specified by signals at 6.78-7.80 ppm. 

We have found selectivity of glucosylation to be rather similar to that of benzylation. This 

similarity provides a way of direct glucosylation of the compound 1 at 4-hydroxyl group without any 
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protection of 7-hydroxyl funct ion. Interaction of 4 ,7-dihydroxycoumarin sodium salt with 

ace tobromoglucose 2 in D M F A at 50-55°C results in p redominan t 4-hydroxyl g roup glucosyiation. 4-

0-(ß-D-2,3 ,4 ,6- te t ra-0-acetylglucopyranosyl) -7-hydroxycoumarin 9 has been isolated f rom reaction 

mixture by column prepara t ive chromatography . Fo rma t ion of 4,7-dihydroxy-3-(ß-D-2,3,4,6-tetra-0-

acetylglucopyranosyl)coumarin can also be suggested by T L C analysis of subside products of the 

reaction mixture. 

Mass spectrum of c o m p o u n d 9 is in accordance with the proposed structure. Molecular ion peak 

(m/z 509 ), O-acetylglucopyranosyl f ragment ion peak ( m/z 331) and aglycone ion (m/z 178 ) have been 

detected in the mass spectrum. Deacetylat ion of c o m p o u n d 9 has been under taken via its sodium 

methoxide t rea tment with fo rmat ion of 4-0-(ß-D-glucopyranosyl ) -7-hydroxycoumarin 3. Ή N M R and 

mass spectral da ta agree with the proposed structure of the final p roduc t 3. Signals of glucose f ragment 

p ro tons are located in Ή N M R spectrum in region at 3.28-4.04 ppm. Coumar in ring is specified by 

signals at 6.71-7.80 ppm. Double t of anomeric p ro ton located at 5.22 ppm with splitting constant J equal 

to 7.0 Hz provides ß-or ientat ion of coumarinyloxy f ragment in ca rbohydra te cycle. 

Experimental 

Melting points are uncorrected. Ή N M R spectra were recorded with 200 Mhz Brucker 

spectrometer in acetone-dö solution using tetramethylsi lane as internal s tandard . Mass spectra were 

scanned on a SSQ-710 (Finnigan M A T ) spectrometer at the energy of ionizing electrons equal to 70 eV. 

Thin layer ch roma tog raphy has been done on Silufol UV-254 sheets using as an eluent one of the 

following systems: A - i sopropanol /benzene/ammonia solution ( with 10/5/2 rat io ) and Β -

ch loroform/ace tone ( with 9/1 rat io ) with iodine development of the ch roma togramms . 

4-Benzyloxy-7-hydroxycoumarin 4: 0.6 ml ( 5 mmol ) of benzyl chloride was added dropwise to the 

solution of 0.89 g ( 5 mmol ) of 4 ,7-dihydroxycoumarin 1 and 0.42 g ( 5 m m o l ) of sodium bicarbonate 

in 5 ml of D M F A and 2 ml of water; reaction mixture was stirred then at 45-50°C for 10 hours ( T L C 

control with system Β ) and poured into water; unreacted 1 was washed out by hot water f rom the 

product precipitate; c o m p o u n d s 4 and 6 were separated and purif ied by column chromatography -

4, yield 35% , mp 242-243°C ( Lit.( 9 ) 243-244°C ), Rf 0.34 ( system Β ); Ή N M R ( C D C b , 

J /Hz ), d: 5.64 ( s, 1H, 3-H ), 7.73 ( d, 1H, 5-H, J5,6=8.8 ), 6.75 ( dd, 1H, 6 -H, J6,5=8.8, J6,8=2.9 ), 6.80 ( d, 

1H, 8-H, Jg,6=2.9 ), 5.14 ( s, 2H, -O -CH2- ) , 7.42 ( s, 5H, Ph ). 

6, yield 5% , mp 252.5-253 °C ( Lit. ( 9 ) 253-254°C ), R f 0.61 ( system Β ), Ή N M R ( C D C b , 

J /Hz ), d: 7.62 ( d, 1H, 5-H, J5,6=8.8 ), 6.78 ( dd, 1H, 6-H, J6,5=8.8, J6,8=2.9 ), 7.10 ( d, 1H, 8-H, J8.6=2.9 ), 

4.2 ( s, 2H, -CH2-) , 7.35 ( s, 5H, Ph ). 

3-Benzyl-4,7-dihydroxycoumarin 6: 0.23 ml ( 2 m m o l ) of benzyl chloride was added dropwise to the 

solution of 0.35 g ( 2 mmol ) of 1 and 0.17 g ( 2 mmol ) of sodium bicarbonate in 15 ml of methanol; 

reaction mixture was stirred then at boiling for 10 hours; methanol was part ly distilled off , precipitate 
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was washed by hot water from unreacted 1 and recrystallized from alcohol - 6, yield 10%, mp 252.5-

253°C 

7-0-(2,3,4,6-Tetra-0-acetyl-ß-D-glucopyranosyl)-4-benzyloxycoumarin 7: 0.41 g of 2 was added 

slowly to solution of 0.27 g of 4 in mixture of 0.9 ml of 5% aqueous sodium hydroxide and 3 ml of 

acetone; reaction mixture was stirred then for 48 hours at room temperature; precipitate was filtered off 

and dissolved in chloroform; this solution was washed by 2% aqueous sodium hydroxide from unreacted 

4; chloroform was distilled off and precipitate was recrystallized from ethanol -

7, yield 66%, mp 198-199°C, Rr 0.49 ( system Β ); Ή N M R ( acetone-d6, J/Hz ), δ : 5.69 ( s, 1H, 3-

H), 7.77 ( d, 1H, 5-H, J5,«=8.6), 6.89 ( dd . lH, 6-H, J6.5=8.6, J6.8=2.4 ), 6.93 ( d, 1H, 8-H, J8.6=2.4 ), 2.04, 

2.06, 2.10, 2.11 ( s, 12 H, Acetyl), 5.19, 5.32 ( c, 2H, -0-CH2-Ph, -0-CH 2 -Ac ), 5.11- 5.32, 4.13- 4.33, 3.90 

( m, 7H, glucopyranosyl), 7.43 ( m, 5H, Ph ). 

7-0-( ß-D-glucopyranosyl )-4-benzyloxycoumarin 8: 2M sodium methylate solution in methanol 

was added to solution of 0.11 g ( 1.8 mmol ) of 7 in 25 ml of methanol for the final pH equal to 7.5-8.0; 

reaction mixture has been kept then at room temperature for a night and treated by ion exchange resin 

KU-2 for the final pH equal to 7.0; compound 8 was separated by concentration of the solvent and 

recrystallization of resulted precipitate from ethanol -

8, yield 79.5%, mpl38-139°C, Rr0.25 ( system A ); Ή N M R ( acetone-d6, J/Hz ), d : 5.77 ( s, 

1H, 3-H ), 7.80 ( d, 1H, J5,6=8.8 ), 6.87 ( dd, 1H, 6-H, J6,5=8,8, J6.8=2,4 ), 7.00 ( d, 1H, 8-H, J8,6=2.4 ), 

5.37 ( s, 2H, -0-CH 2 -Ph ), 7.43 ( s, 5H, Ph ), 4.20-4.62, 3.46-3.74, 3.93 ( m, 7H, glucopyranosyl). 

7-0-( ß-D-glucopyranosyl )-4-hydroxycoumarin 5: mixture of 0.109 g ( 2.5 mmol ) of 8 in 50 ml of 

methanol and 0.08 g of catalyst Pd/C was stirred in presence of hydrogen at room temperature for 8 

hours; compound 5 was separated by concentration of the solvent and recrystallization of resulted 

precipitate from acetone -

5, yield 52%, mp 247-248°C, Rr 0.10 ( system A ); Ή N M R ( D 2 0 , J/Hz ), d : 7.80 ( d, 1H, 5-H, 

J5,6=8.8 ), 6.87 ( dd, 1H, 6-H, J6,5=8.8, J6.e=2.1 ), 6.78 ( 1H, 8-H, J8,6=2.1 ), 5.03 ( d, 1H, Γ-Η, Jr,2 =7.3 ), 

3.36-3.88, 5.19 ( m, 6H, Glucopyranosyl ), Ή N M R ( CDCI3, J/Hz ), d: 5.64 ( s, 1H, 3-H ), 7.73 ( d, 1H, 

5-H, J5,6=8.8 ), 6.75 ( dd, 1H, 6-H, J6,5=8.8, J6,8=2.9 ), 6.80 ( d, 1H, 8-H, J8,6=2.9 ), 5.14 ( s, 2H, -0 -CH 2 - ) , 

7.42 (s , 5H, Ph ); signal of 3-H is not seen due H/D exchange in D 2 0 . 

*4-0-(ß-D-2,3,4,6-tetra-0-acetylglucopyranosyl)-7-hydroxycoumarin 9: 3.14 g ( 7.6 mmol ) of 2 was 

added to solution of 1.36 g ( 7.6 mmol ) of 1 and 0.65 g ( 7.6 mmol ) of sodium bicarbonate in mixture of 

20 ml of D M F A and 5 ml of water; reaction mixture was stirred then at 50-55°C for 10 hours and poured 

into water; unreacted 1 was then extracted from precipitate by 5% sodium bicarbonate solution; 

compound 9 was separated by colunm chromatography ( silicagel, eluent - chloroform/acetone = 9/1 ) 

and recrystallization from ethanol -
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9, yield 20%, mp 205-206°C, Rr 0.68 ( system A ), 0.32 ( system Β ); Ή N M R ( C D C h , J /Hz ), d : 

5.77 ( s, 1H,3-H ), 7.80 ( d, 1H, 5-H, J5,6=8.8 ), 6.80 ( dd, 1H, 6 -H, J6,5=8.8, J6.8=2.4 ), 6.85 ( d, 1H, 8-H, 

J8.6=2.4 ), 2.06, 2.06, 2.07, 2.11 ( s, 12H, Acety l ) , 5.11-5.48, 3.95, 4.17-4.33 ( m, 7H, Glucopyranosy l ) . 

4 -0- (ß-D-Glucopyranosyl ) -7-hydroxycoumar in 3: 2M sodium methylate solution in methanol was 

added to solution of 0.1 g ( 2 mmol ) of 9 in 25 ml of methanol for the final p H equal to 7.5-8.0; reaction 

mixture has been kept then at r oom tempera ture for a night and treated by ion exchange resin K U - 2 for 

the final p H equal to 7.0; c o m p o u n d 3 was separated by concentrat ion of the solvent and recrystallization 

of resulted precipitate f rom ethanol -

3, yield 80%, mp 237-238°C, Rr 0.15 ( system A ); Ή N M R ( D M S O - d 6 , J / H z ), d : 5.77 ( s, 

1H, 3 -H ), 7.80 ( d , 1H, 5 -H, J5 .6=8.8 ), 6.80 ( d d , 1H, 6 - H , J 6 . 5 =8.8 , J6 .8=2.0 ), 6.71 ( d , 1H, 8 -H , J 8 , 6=2.0 ), 

5.05 ( d, 1H, Γ - Η , Ji , r=7.0 ), 3.28-4.04, 5.22 ( m, 6H, Glucopyranosy l ) . 

Conclusions 

Selective glucosylation of 4 ,7-dihydroxycoumarin is based on different acidity of its two hydroxyl 

functions. This compound is directly glucosylated at 4-hydroxyl group when both hydroxyl groups are 

unprotected. 7-Hydroxyl group is glucosylated when 4-hydroxyl funct ion is protected via 4-benzyloxy-7-

hydroxycoumar in fo rmat ion . 
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