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A b s t r a c t :  The synthesis of aryl ethers from phenols and alcohols using polymer-bound 
triphenylphosphine and diethyl azodicarboxylate (DEAD) is described. The polymer-bound 
triphenylphosphines are easily removed by filtration from the reaction products. This method is 
operationally simple and provides the products with high purity and in good yields. 
© 1998 Elsevier Science Ltd. All rights reserved. 

Combinatorial chemistry t,2 has emerged as an important tool for the rapid synthesis of structurally 

diverse small molecule libraries and has therefore become highly important for drug discovery in recent years. 3,4 

Most libraries are generated through solid-phase synthesis, 5,6 but solution-phase chemistry is receiving 

increasing attention. 3,7,8 Synthetic chemistry methods, operating at the interface of solution- and solid-phase 

chemistry are also powerful tools in library generation. Examples are soluble polymers, 9 support-bound 

sequestration reagents, 1° or support-bound reagents, l The advantages of support-bound reagents over their 

soluble counterparts are their ability to drive the reaction to completion by using them in excess and the ease of 

their separation from the desired product by simple filtration. 

The Mitsunobu reaction is a versatile and widely used reaction in organic synthesis. ~1-13 In a typical 

Mitsunobu reaction, a primary or secondary alcohol is esterified with a carboxylic acid in the presence of diethyl 

azodicarboxylate (DEAD) and triphenylphosphine. Other acidic compounds, such as phenols can also be used 

in this reaction. 12,13 A significant drawback of the Mitsunobu reaction is the need to remove excess 

triphenylphosphine, triphenylphosphine complexes, and the by-product triphenylphosphine oxide by 

chromatography for product purifcation. The Mitsunobu reaction has also been carried out on solid support, l 

These reactions are more easily purified than the solution-phase reactions because the phosphines can be 

removed by filtration from the polymer-bound products. One report has appeared in 1983, using polymer- 

bound triphenylphosphine for the formation of esters via the Mitsunobu reaction. 14 

We are now detailing the first example of a Mitsunobu reaction using commercially available polymer- 

bound triphenylphosphine 15 in the reaction between phenols and alcohols to form aryl ethers (Scheme 1). In 

this approach the polymer-bound phosphines are easily removed by filtration. 

S c h e m e  I 

~ P P h 2  R 1 

polystyryl-diphenylphosphine- O ~ R 2  
OH + R 2 ~ O H  2% divinylbenzene 

DEAD, CH2CI2, 25 °C, 4-12 h 59 - 94% 
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We have prepared a 15-membered aryl ether library from five commercially available phenols (Aldrich) 

with electron withdrawing and electron releasing groups and three representative alcohols (Scheme 2 and Tables 

1-3). In a typical experiment, polymer-bound triphenylphosphine (1.5 equiv, 3 mmol p/g resin), 15 DEAD (1.5 

equiv), the alcohol (1.5 equiv), and the phenol (1 equiv) in CH2C12 were stirred under an argon atmosphere at 

room temperature for 4-12 hours. The resin was filtered off and washed thoroughly with dichloromethane. The 

solvent was removed under reduced pressure and the crude product was purified by short path silica gel column 

chromatography filtration (the yields in the Tables refer to isolated yields, obtained after purification). In some 

cases (Table 1, entries 4, 5, 7, 8) the organic layer was first washed with KOH solution (5%), followed by an 

HCl-wash (5%) to remove unreacted phenol. All aryl ethers thus obtained were characterized by 1H NMR, 13C 

NMR, and MS spectrometry. Spectral data for compound 3m are given as a representative example./6 

Scheme 2 

Ar--OH + R--OH polystyryl-diphenylphosphine- A r ~ - - R  
2% divinylbenzene 

l ,  

1 2 DEAD, CH2CI2, 25 °C, 4-12 h 3 

M e O - ~ ~ O H  C I ~ ~ - - O H  

l a  l b  

O OH ld O le 

N C - ~ ~ O H  

lc 

2a R = heptyl 
2b R = benzyl 
2¢ R = furfuryl 

The reaction was first carried out with three 4-phenyl substituted phenols l a - l c  (entries 1-9 in Table 1). 

Electron withdrawing substituents at the aromatic ring (CI and CN) accelerated the rate of reaction (entries 4 - 8 

in Table 1), whereas the presence of an electron donating substituent (OMe) generally reduced the reaction rate, 

resulting in a longer time for the completion of the reaction (entries 1 - 3 in Table 1). Reactions with 2,4- 

dihydroxyacetophenone yielded monoalkylated products in good yields (entries 1-3 in Table 2) due to the 

existence of a H-bond between the 2-hydroxyl group and the ketone. The Mitsunobu chemistry was also 

extended to the synthesis of flavanone ethers (Table 3, entries 1-3). 

The relatively low yields in the reactions of the phenols with furfuryl alcohol (entries 3, 6, and 9 in Table 

1, entries 3 in Tables 2 and 3) may be a result of the tendency of furfuryl alcohol to polymerize in the presence 

of acids or may be due to its air sensitivity. 

In summary, we have demonstrated the utility of polymer-bound triphenylphosphine as a traceless 

reagent for aryl ether synthesis using Mitsunobu conditions. An aryl ether combinatorial library was prepared 

from readily available phenols and alcohols. The use of polymer-supported triphenylphosphine should expand 

the versatility of the Mitsunobu reaction in the preparation of solution-phase combinatorial libraries. 
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Table  1. Reactions of 4-substituted phenols l a - l c  with alcohols 2a - 2c in the Mitsunobu reaction 

R I H R2"~OH R 1 
polystyryl-diphenylphosphine- R2 

+ 2a - 2c  2 %  divinylbenzene 

l a  - l c  DEAD, CH2CI2, 25 °C, 4-12 h 3a - 31 

Entry Phenol 

1 l a  

2 l a  

3 l a  

4 l b  

5 l b  

6 l b  

7 l c  

8 l c  

9 l c  

Alcohol 

2 a  

2 b  

2 c  

2 a  

2 b  

2 c  

2 a  

2 b  

2 e  

Product 

3a  R 1 = OMe R 2 = heptyl 

3 b  R 1 = OMe R 2 = benzyl 

3 c R 1 = OMe R 2 = furfuryl 

3d  R 1 = C1 R 2 = heptyl 

3e  R 1 = C1 R 2 = benzyl 

3 f R 1 = C1 R 2 = furfuryl 

3 g R I = CN R 2 = heptyl 

3 h  R 1 = CN R 2 = benzyl 

3i  R 1 = CN R 2 = furfuryl 

Reaction 

Yield Time mp 

(%) (h) (°C) 

78 5 40 

86 6 65 

63 5 60 

84 4 oil 

88 4 70 

65 4 oil 

88 4 oil 

94 4 62 

68 12 oil 

Table 2. Reactions of  2,4-dihydroxyacetophenone ( ld )  with alcohols 2a - 2c in the Mitsunobu reaction 

OH ( ~ ) ~ p p h 2  

+ F I~OH polystyryl-diphenylphosphine- 

O OH 2a - 2c 2% divinylbenzene 

DEAD, CH2CI2, 25 °C, 4-12 h 
l d  31 - 31 

Entry Phenol 

1 l d  

2 l d  

3 l d  

Alcohol 

2a  

2b  

2c  

3j 
3k  

31 

Reaction 

Product Yield Time mp 

(%) (h) (°C) 

R = heptyl 72 5 oil 

R = benzyl 81 4 96 

R = furfuryl 69 12 oil 
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Table 3. Reactions of 6-hydroxyflavanone (le) with alcohols 2a - 2c in the Mitsunobu reaction 

P ( O _ _ p p h 2  

+ R'--OH polystyryl-diphenylphosphine- 
H 2% divinylbenzene , ~R  

O l e 2 a  - 2¢ DEAD, CH2CI2, 25 °C, 4-12 h O 3m - 30 

Entry 

1 

2 

3 

Phenol Alcohol Product 

1 e 2a 3m R = heptyl 

I e 2 b 3 n R = benzyl 

l e  2c 3o  R = furfuryl 

Reaction 
Yield Time mp 
(%) (h) (°C) 

76 5 69 

85 4 95-98 

59 12 78 
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