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SYNTHETIC COMMUNICATIONS, 21(12&13) ,  1315-1320 (1991) 

POLYMER-SUPPORTED AMMONIUM FLUORIDE: 

A 1JSEFUL REAGENT FOR Si-0 BOND CLEAVAGE 

Chenxi Li Y u  Lu Wenqiang  Huang* Binglin H e  

Institute of Polymer Chemistry, Nankai University 

Tianjin, 300071, China 

Abstract: Polymer-supported ammonium fluoride (1) is a convenient 

reagent for Si-0 bond cleavage. 

prepare  from commercial mine-containing anion exchange resins and 

aqueous hydrofluoric acid, easy to store. 

separated from t h e  reaction mixture by filtration. The used resins 
can be regenerated and reused without losing its reactivity. 

Resin 1 is inexpensive, easy to 

The product is easily 

Fluoride ion is extensively used as cleaving reagent for Si-0 

bond in deprotection of alkylsilyl-protected alcohols.' I ' However. 

alkali fluoride and tetraalkylarnmonium flouride are hygroscopic. 

The removal of their water of hydration presents considerable dif- 

f icu l t ies .  Therefore  new sources of fluoride ion have been devel- 

oped. 

Dowex M A -  I ,  Amber lyst A-26 and A-27' 

to be promising, especially suitable for nonaqueous solvent 

A few of strongly basic anion exchange resins, such as 

' ' in fluoride form seems 

system. Tetrabutylammonium f lwr ide  ( TBAF ) is one of the 

* To whom correspondence should be addressed. 
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1316 LI ET AL. 

sources of naked F- and is  commonly used when aprotic and mild 

condition are needed.' I However, the necessary aqueous workup 

makes the  preparation of water-soluble compounds difficult. 

Recently Solladi6-Cavallo and Khiar have reported that rnethyl- 

ammonium fluoride (MAF) is a convenient reagent for cleavage of 

Si-0 bond which allows t h e  isolation of t h e  desired alcohol 

without workup.' 

Herein we wish to repor t  another type of useful reagent, 

e.g., polymer-supported ammonium fluoride (I-), which is used as 

the  source of naked F- for cleavage of Si-0 bond. 

Fluoride-ion-containing resin la or l b  is prepared by 

reaction of commercially available basic anion exchange resin 

( D390 or D370 ) with IN aqueous hydrofluoric acid in a poly- 

ethylene flask with magnetic s t i r r e r .  In tpe case of strongly 

basic anion exchange resin i.e., D296 (OH- form), as support, 

resin lc  is prepared in a polyethylene column packed with D296 

through which 1N aqueous hydrofluoric acid is passed. On drying 

under reduced pressure, the anhydrous resins la-c are used in 

cleavage of Si-0 bond as shown in Equ. I .  

R e s i n  1 + R ' O S i M e ,  - R ' O H  + Me,SiFT + used res in  ( 1 )  

I 3 - 2 - 
aq. H F  

R e s i n  1 : @ - C H 2 N R Z  - HF @-CHzN'R3 * F- 
l a  K = H  (from D 3 9 0 )  1c R=CH3 (from D 2 9 6 )  
l b  K=CH3 (from D 3 7 0 )  
@ = C r o s s l i n k e d  po lys tyrene  backbone 

- 
- 
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AMMONIUM FLUORIDE FOR Si-0 BOND CLEAVAGE 1317 

In cleaving reaction methanol is a bet ter  solvent which 

allows the reaction at room temperature  in shorter  time. When 

aprot ic  condition is needed, the cleavage in tetrahydrofuran (THF) 

also gives good yield on refluxing. After completion of reaction, 

the used resin is filtered and washed with used solvent. On evapo- 

ra t ing the  solvent and volatile by-product i.e., tr imethylsilyl 

fluoride, t h e  pure  deprotected alcohol is obtained in high yield. 

The results a r e  summarized in Table. I t  is shown that  the F- ion 

supported on the basic anion resin appears to have higher reacti- 

vity than that of TBAF and MAF.'5' Since t h e  former allows the 

reaction under mild condition at a shorter  reaction time. 

I t  is observed that in deprotection of trimethylsilyl-pro- 

tected alcohols fluoride ion supported on different basic anion 

resins seems to have the m e  reactivity. However, in comparison 

with strongly basic anion exchange resin D296, the weakly basic 

anion exchange resins (D390, D370) seem to be preferred,  owing to 

their d i rec t  reaction with aquews hydrofluoric acid used resins 

can be regenerated by s t i r r ing with IN  aqueous hydrofluoride at 

room temperature  for 24 h. and reused in d r y  state for cleaving 

5-0 bond. There is no loss of cleaving activity observed. 

In conclusion. a novel type of cleaving reagent for Si-0 

bond supported on the commercially available basic anion exchange 

resins is practical because of low cost and ease of preparation 

and store .  
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1318 LI ET AL. 

Table 5-0 bond cleavage using fluoride resin 1 

R 1  O S i M e ,  (2) R e s i n  1 Solven t  Tern T i m e  ROH 96 
( %  7 '  (h) ( i so l a t ed )  

M e  (CH2 ) O S i M e ,  b MeOH 1 2  2 89 

(2a)  C MeOH 20 2 9 8  

P h C H 2  O S i M e s  a MeOH 20 2 . 5  9 4  

(Zb) b MeOH 1 5  1 7 3  

C MeOH 2 0  2 91 

0 O S i M e ,  a MeOH 2 0  2 8 3  88" 

(MeO) P - C H P h  b MeOH 2 0  2 90  8 4 "  

(2C) C MeOH 2 0  1 . 5  8 8  8 9 "  

It I 

0 O S i M e ,  a MeOH 20 2 8 9  

(MeO) P-CH-CH=CH, b MeOH 2 0  1 . 5  1 0 0  9 3 "  
II I 

( Z d )  b T H F  r e f l u x  2 1 0 0  

C MeOH 8 2 9 6  

ClCH2. a MeOH r . t .  2 7Eh 
,CH-OSiMe3 

C l C H 2  b MeOH r . t .  2 87'  

( 2 e )  C MeOH r . t .  2 72' 

a 
b Calculated f r o m  CC. 

Regenerated resin 1 was used. 

Experimental 

Preparat ion of resin l a ,  l b  

In a 250 ml polyethylene flask with Teflon covered s t i r r ing  

magnet ic  bar, 90 g of D39@ or D37@ (available from t h e  Chemical 

Plant of Nankai University) is added to 90 ml of I N  aqueous hydro- 

f luoric  acid, allowing the mixture  to stand overnight. Aqueous 

layer is decanted, t h e  resin is washed with distilled water  until 

neutral ,  f i l tered and dried under reduced pressure  at 50% for 1% 
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AMMONIUM FLUORIDE FOR Si-0 BOND CLEAVAGE 1319 

and resin la  o r  l b  is obtained. 

and rb by p o t e n t i m e t r i c  titration is 4.53 and 3.12 mequiv/g, 

The capacity of HF on resin la 

respectively. 

Preparation of resin Lc 

A 150 ml of D29@ resin ( C1- form, available from the 

Chemical Plant of Nankai University: i t s  exchange capacity k i n g  

3.6 meq./g ) is packed in a polyethylem column, and converted 

into OH- form with IN aqueous NaOH until no chloride ion is 

detected (&NO, test). On washing with water to neutral, 750 rnl 

of 1N aqueous hydroflmric  acid is slowly passed through the 

column. The resin is washed with water to neutral and filtered, 

dried under reduced pressure at 50% overnight. 

General procedure of cleaving Si-0 4.5 mmol of the 

silyl derivatives is added to 9 mrnol of F- on resin 1 soaked in 6 

rnl of solvent, the slurry is s t i r red  at the  desired temperature  in 

1-2 h. The reaction is followed by TLC. After completion, the 

used resin is filtered and washed with used solvent. The f i l t ra te  

is evaporated under vacuum to remove the solvent and the volatile 

Me,SiF; the product is thus obtained. The results a r e  listed in 

Table. 

purification of crude  products using distillation under vacuum o r  

The percentages of deprotection in Table are determined by 

recrystallization except special indication. The compounds a r e  

proved to be identical with authentic ones by melting point or  

refractions.[ I 

Acknowledgement: This work was supported by the National Natural 

Science Fundation of  China. 
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