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Abstmct: lbvo synthetic methods for the preparation of boronic acids from their corresponding pinanediol 
boronate esters are reported. The key to success of the procedures relies on removal of the liberated pinanediol 
from the reaction mixture. 

It has recently been shown1 that dipeptides of proline boronic acid are excellent inhibitors of the post- 

proline cleaving enzyme dipeptidyl peptidase IV (CD 26). Inhibition of this enzyme in vivo has been 

demonstrated to suppress the immune response a and has recently been implicated in the entry of HIV-l into T- 

cehs.2b Given the obvious importance of these processes, and our need to produce large quantities of optically 

active proline boronic acid dipeptides 2 for in vivo evaluation as immunosuppressive agents, we investigated the 

preparation of this class of inhibitors. Until recently syntheses of these compounds have been hampered by two 

factors: 1) the lack of an efficient route to enantiomericahy pure proline boronic acid and 2) the boronic acid 

dipeptides am generally pmpamd as their phtan4iol orpinacol estem.~ The esters arc believed to hydrolyze under 

the biological assay conditions yielding the active boronic acid inhibitor.3b However, results from our 

laboratories show that pinanediol hydrolysis does not occur under hydrolytic conditions with BOC pro&ted 

dipeptkka and fails to go to completion with the free Wminal amino dlpcptidc~.~ 

In a previous eommunication~ we outlined the s+thesis of prollne bore& acid pinamdiol ester as a single 

cnantiomer. The selection of pinanediol as a protecting group not only allowed for the preparation of optkally 

purematerialbutalsosimplificdthchandlingofthcboronicacidsaffording compom& that were readily isolable 

and stable to chromatography (compared to pinacol and other esters, which are lost to varying extents on 

chromatography). The cleavage of the pinancdiol group from amino boronatc esters (e.g. 1) is known to bc 

difficult and successful procedures have only been developed for simple hydrocarbon based substrates.6 
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Application of these methods, including hydroiytic. reductive,7 and destructive techniques such as boron 

trichloride,s to our esters led to either material destruction or recovery of starting material. We suspected the 

problem was not that the hydrolysis did not occur, but that the equilibrium strongly favors the starting boronate 

ester. If this hypothesis were corn% removal of the liberated pinanediol tiom the equilibrium should drive the 

reaction to completion. Based on this theory we developed two compIementary techniques for application to 

either the BOC protected dipeptide or the free amine salt. 
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Method A relies OR the oxidative cleavage of the liberated pinanediol using sodium m&date. Whilst 

we were aware of the susceptibility of boronic acids to oxidation, on consideration of the mechanism we 

reasoned that boronic acids are oxidized by nucleophilic oxidants such as alk&ne hydrogen peroxide, whereas 

periodate is an eletrophilic oxidant. Indeed treatment of the BOC protected dipcptide with periodate in acetone at 

neutral pH smoothly afforded the free boronic acid which was readily separated from the ketoaldehyde. Method 

A, although destructive, is the only procedure available for removal of the pinanediol soup that is compatible 

with BOC! protected dipeptides and allows for the isolation of the BOC protected dipeptide boronic acid a&er the 

first step (i.e. NaI04). 

Method B is based on transesterification with phenylboronic acid and removes the pinanediol as the 

phenylboronate ester, (see scheme 1). The procedure uses a biphasic system which takes advantage of the 

solubility difference in the starting pinanediol ester, the free boronic acid (both soluble in the aqueous phase) 

and the pinanediol phenylboronate ester (soluble only in the organic phase). This proecdure allows for the 

recovery of the valuable chiral auxiliary pin~~o19 from tbe phenyl~~~ ester simpIy by treatment with 

hydrogen peroxide (affording the boric acid ester which can be used directly for transesterification of other 

boronic acids). These two methods have been applied to a variety of substrates as shown in the table. 
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a) all ccmpounds gave satisfactory elementary aneysis and spectral data. 
b) isolated as the pinacol ester for ease of purificatton, 
c) products typically deprotected (BOC cleaved) to ad purification. 

In summary @NO methods for the removal of pinanediol from buronate esters have been developed. Method 

A allows for mild removal of the boronate ester which should be general, and compatible with a wide variety of 

fxnctional groups including BOC protected amines. Method B is particularly applicable to water soluble 

boronates and allows for the recovery of the chiral auxiliary as the p~nyl~~ ester. These methods offer 

ant ~~~~t over current lite- protocols and allow for tbc -on of mo&igram quantiries of 

chemically and opticaIiy pure boron& acids. 
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To a stirred solution of the borona& ester (2.3 mmol) in acetone (60 mL) was added NH,+OAc (a@ (50 mL, 

O.lN) and NaI04 (6.9 mmol). The mixture was stirred at room temperature for 2448 h, the acetone was 

removed (in vacico) and the aqueous phase was diluted with NaOH (aq) (75 mL, 2&I), washed with CHzC& and 

acidified cautiously to pH=3 with HCI (aq) (2N). Extraction with C&C12 (4 x 50 mL) followed by fitration and 

concentration afforded the crude product. This was treated with HQ f Et20 (4.5N) for 34 h and the solvent was 

removed. The solid residue was crystallized from an appropriate solvent to afford the desired prodnct as the 

hydrochloride salt. 

To a stirred solution of the boronate ester (8.54 mmol) in water f 100 mL) at pH=3 (adjusting as necessary 

with 2N aq HCl) was added phenyl boric acid (8.54 mmoi) and hexanes (100 mL). After 30 min at room 

temperature the hexane layer was removed and reph~& with fresh hexane (100 mL). After a further 30 min. the 

hexane layer was a&u removed and the combined organic layers wem dried (Na2SO4), flltczd and concentrated 

to afford a quantitative yield of pinanedioi phenylboronate. The aqueous phase was passed through an ion 

exchange column (Dowex 50X2-200) eluting with water until neutral and then with N&OH (aq) (1.0%). The 

relevant fractions were lyophilized, treated with NC1 (aq) (2.ON) and lyopbilixed again to afford the desired 

hydrochloride salt. 
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