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Abstract: Methyl fucopyranoside undergoes highly regioselective 3-O-alkylation via 
complexation with phenylboronic acid, followed by treatment of the resulting 3,4-boronate 
with iodobutane in the presence of a tertiary amine and Ag20. The essential step is 
suggested to be regioselective activation of the 3-0 nucleophilic center upon amine 
coordination with the O-bonded boron atom. © 1997 Elsevier Science Ltd. 

Sugars  have  m a n y  OH groups which are  usua l ly  not  r ead i ly  d i s t inguishable .  

Func t iona l iza t ion  of sugars  inc lud ing  glycosidat ion has  so far  a lmos t  exclus ively  involved 

mul t i s tep  and  hence tedious  protect ion/deprotect ion procedures ,  whose  essence l ies  in 

deactivation of al l  bu t  one OH group v ia  protect ion or complexat ion.  Li t t le  a t ten t ion ,  on the  

other  hand,  has  been pa id  to an a l t e rna t ive  approach  based  on complexa t ion- induced  activation 

of a pa r t i cu l a r  OH group. The regioselect ive funct iona l iza t ion  us ing  t in  r eagen t s  is a notable  

exception in th is  respect .  1 

Arylboronic acids are  well known to form cyclic boronates  wi th  suga r s  a t  the  s i tes  of 

vicinal  1,2-diols and  1,3-diols involving an exocyclic CHzOH moiety.  2 These  complexat ions  

have  been e legant ly  app l ied  to the  separa t ion ,  3 t r a n spo r t2  and  detec t ion  5 of sugars .  The 

p re sen t  work is concerned with  the i r  syn the t ic  appl icat ions.  We repor t  he re  t ha t  methyl  

fucopyranoside can be a lky la t ed  in a h igh ly  regioselect ive m a n n e r  when  i ts  3 ,4-phenylboronate  

is t r ea ted  with a t e r t i a ry  amine  unde r  the  a lky la t ion  condit ions.  

Methyl  a -L-fucopyranos ide  ( l a  in the  Scheme) has  th ree  OH groups,  where  2-OH and  3- 

OH are  t rans  and  3-OH and  4-OH are  cis. I t  affords cyclic 3 ,4-boronate  2a  exclusively and  

quan t i t a t ive ly  upon occasional  swi r l ing  of an  equ imolar  mix tu re  of fucoside l a  and  

phenylboronic  acid (C6HsB(OH)2) in CH2Cle conta in ing  Dr ier i te  or upon  azeotropic wate r  

removal  2" from the same  mix ture  in benzene.  T r e a t m e n t  of borona te  2a  (0.40 mmol) in 

benzene (6 mL) with  Ag20 (2 retool), t r i e t hy l amine  (0.40 mmol), and  iodobu tane  (0.40 retool) 

under  reflux for 22 h affords 3-O-buty la ted  product  3a  (50%) 6 as the  sole s u g a r  der iva t ive  other  

than  s t a r t ing  ma te r i a l  l a ,  together  wi th  b u t y l t r i e t h y l a m m o n i u m  iodide (10%). The yield of 
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3a can be enhanced up to -80% upon addition of another 1 equivalent of triethylamine and 

iodobutane in small portions in the period of 24 h. 7 The alkylation product 3a can be readily 

isolated by means of chromatography of prefiltered reaction mixture on silica gel. More 

simply, it is obtained in a practically pure form but with some loss when a CH2C12 solution of 

the filtrate is washed successively with aqueous 1N HC1, 5% NaOH, and saturated NaC1 

solutions. 

Control runs indicate the following aspects of the present reaction. (1) Silver oxide is 

essential; no reaction takes place in its absence. (2) The presence of an appropriate tertiary 

amine such as triethylamine, pyridine, and 4-dimethylaminopyridine but not quinuclidine is 

also very important although strictly not essential; a small amount (~4%) of 3a still results in 

the absence of any amine. (3) The choice of solvent is also important. Acetone in place of 

benzene slightly lowers the yield of 3a. Ethanol fails to give even a trace amount of 3a. In 

general, use of a polar solvent or a strong amine (qninuclidine) promotes the direct amine- 

iodoalkane reaction to give the corresponding quaternary ammonium salt and hence inhibits 

the desired sugar alkylation. (4) Most importantly, the phenylboronate capping of the diol 

moiety is essential for the present reaction. Uncomplexed fucoside l a  is soluble in refluxing 

acetone. It is recovered unreacted under conditions (Ag20/(CH3CH2)3N/CH3(CHz)sD where 

boronate 2a readily affords the alkylation product 3a. These results clearly indicate that 

complexation-induced activation of the otherwise unreactive sugar 3-OH group is in fact t~lcing 

place. 

Although the involvement of many species leaves mechanistic ambiguities, a plausible one 

is shown in the Scheme. This is based on the well-known interactions of the Lewis acid-base 

type between Ag + and ha]ides and between trivalent boron species and amines. 4b,gc,8 An 

essential feature is the Ag +- and amine-promoted activation respectively of the electrophilic 

center in iodobutane and the nucleophilic center in alkyl boronate. The question then is 

regioselectivity. Amine coordination may lead to the more effective 3-O- nucleophfle (4) than 

4-0- (5) (Scheme), since the 3-0- moiety in the former is equatorially oriented and is less 

hindered than the 4-0- moiety in the latter which occupies an axial position and may be further 

blocked by the nearby 5-CH3 group. Arabinoside lb lacks this methyl group. Boronate 2b 

derived therefrom gives rise to a 4:1 mixture of the 3-O- (3b) and 4-0-alkylation products. 

The 3-O" anion (4) may be stabilized via hydrogen bonding with the adjacent 2-OH group (3- 

O-...H-O-2). This is not essential, however. Cis-l,2-cyclohexanediol-derived boronate has 

no adjacent OH group and readily undergoes alkylation to give the corresponding 

monoalkylation product (cis-l,2-cyclohexanediol monobutyl ether) exclusively under the 

present reaction conditions. 

This work demonstrates that the phenylboronate group in combination with a tertiary 

amine can be used to activate the sugar OH groups. A promising aspect of this approach is 

that the formation of sugar-boronates is highly regioselective. 2f The scope and mechanism in 

more detail are now under investigation, using various sugar derivatives and various 
functionalizations including glycosidation. 9 
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