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Summary. Conversion of (s)-pinanediol (1s) 1-haloalkylboronates to (lR)- 1 azido 
boronates, homologation with (dichloromethyl)lithium to 1-chloro-2azido boronates, 
oxidation with sodium chlorite to the a-azido acids, and catalytic hydrogenation 
yielded L-amino acids, 92-96% enantiomeric excess. 

We report an efficient chiral synthesis of L-amino acids, which starts from our previous 

stereoselective synthesis of (1 S)- 1 -chloroalkylboronic esters (2) by chain extension of 

(s)-pinanediol alkyl boronic esters (1) with (dichloromethyl)lithium. 1 The method 

appears suitable for introducing isotopically labeled carbons. A novel feature is the direct 

oxidation of a-chloro boronic esters to carboxylic acids with sodium chlorite. 

The fundamental operations on the a-chloro boronic esters involve (1) replacement of 

the chlorine by a nitrogen function, (2) chain extension of the N-substituted boronic 

ester, (3) oxidation of the boron-bonded carbon to a carboxyl group, and (4) conversion of 

the nitrogen function to the amino group. 

When lithiohexamethyldisilazane was used for step (1),2 step (2) with the l- 

chloroethylboronic ester yielded highly moisture sensitive P-silylamino a-chloro boronic 

ester, and attempted purification failed. We then turned to the reaction of azide ion with 

a -chloro boronic esters, since an a-azido boronic ester (3, R=Bu) with 

(dichloromethyl)lithium had already been converted to the P-azido a-chloro boronic 

ester (4). 1 

Step (3) was originally conceived as a two-stage process, beginning with oxidation to 

the aldehyde by hydrogen peroxide. It has been reported that this process is not very 

efficient.3 and we found out why. We did not obtain aldehyde at all from pinanediol l- 

chloro-2-azido-3-phenylpropylboronate, but the aldehyde-hydrogen peroxide adduct,* as 

shown by the characteristic CH(OH)OO multiplet in the NMR at 6 5.0-5.2. If stored 

overnight, this adduct partially decomposed. Oxidation of a fresh sample with buffered 

potassium permanganates yielded 35% 2-azido-3-phenylpropanoic acid. 

Professor R. C. Ronald then called our attention to the mild oxidation of aldehydes to 

acids by sodium chlorite (in the presence of an alkene for suppression of radical side 
reactions).s*7 We found that sodium chlorite reacts directlv with O-azido a-chloro 
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boronic esters to provide the azido carboxylic acids 

purify these potentially explosive compounds. which 

Lamino acids (6). 

(5). We concentrated but did 1101 

were hydrogenated directly to t!~(% 

Mter our procedure proved satisfactory for phenylalanine (6a), we synthesized valint 

(6b), serine (6~). and glutamic acid (6d). Sodium azide reacted very sluggishly with 

pinanediol l-chloro-Z-methylpropylboronate (Zb, X=CI). It is hazardous to keep sndiurn 

azide in contact with dichloromethane for several days. 8 We therefore tried the ~r-l)ro!r~ci 

boronic ester-9 (2b, X=Br) in place of the chloro compound. Bpimcrization of the 2b 1x 

llle bromide ion released in the reaction’ was observrd, but this was ovcrconrc 1)~ 

increasing the excess of sodium azide to 5O:l. IHowever. extcrisive cpirricr-izatiori 

occurred during conversion of 2a, X=Br, to azide 3a, which sholvctl o~rly a 7: I 

diastereomer ratio. Thus, for the R groups which lead to relatively rapid ntrcleophilic~ 

displacements, X must be taken as Cl, and for less reactive systems. Dr is thr OIII!: 

satisfactory X. 

To make serine (6~). we started with (s)-pinanediol benzyloxymethylboronate (l~).~.Io 

Palladium was used as the hydrogenation catalyst for the azide, and removrd the 

bcnzyloxy protecting group as well. Glutamic acid (6d) wm reached via reaction of 

pinanediol iodomethylboronateroYrt with t-butyl lithioacetate to form ld, 

R=t-BuO~CCH~CH~. (The chloromethylboronate was unsatisfactory in this step because 

of competition of Claisen condensation with halide displacement.) The Id IV;IS 

converted to mono-t-butyl azidoglutarate (5d). which was cleaved with trifluoroacetic 

acidI before reduction to glutamic acid. 

The enantiomeric purities of the crude amino acids were determined after converting 

them to the methyl esters (serine also trimethylsilylated). t3 The L/D-ratios were 
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estimated from the 200 MHz lH NMR spectra in the presence of the chiral shift reagent 

Eu(tfc)g.lG The purities of the precursor halides (2) and azides (3) were determined 

from the NMR spectra as previously described. 1 The yields of amino acids are for ether 
washed solids which generally showed some impurity near 6 1-2 in the NMR, more easily 

removable by recrystallization than by chromatography. Results are summarized in 

Table 1. 

Table 1. Amino acids (6) from boronic esters (1). 

Series IIlithlR FiIlalR X % Yielda Isomer Ratios 

(1 ++ 6) 3 6 

b” 
CdbCHz C&iCHz Cl 25:l 25: 1 
(CH&CH (CH&CH Br 250: 1 50: 1 

: 
PhCH20CH2 HOCH2 Br 39b 30: 1 25: 1 
t-Bu02CCH2CH2 H02CCH2CH2 Br 32c __ 50: 1 

a Yields are not optimized. b Initial yield after an ether wash was 53%. Further 
purification was effected by chromatography (SiOp, 1: 1 EtOH:HzO) followed by washing 
with 7:3 EtOH:H20 to give 6 (from 1) in 39% yield. C Initial yield after an ether wash was 
43%. Further purification by an ethanol wash gave 6 (from 1) in 32% yield. 

Typical experimental procedures for preparing a-chloro boronic esters have been 

published previously. 1.15 The new preparation of a-bromo boronic esters9 requires in 

situ generation of (dibromomethyl)lithium 16 from dibromomethane and lithium 

diisopropylamide. In the present work, we neutralized the diisopropylamine with 1 mol 

of extra zinc chloride, which was introduced as 1 M zinc chloride in ether (from Aldrich 

Chemical Company) instead of the anhydrous powder. 1 This change may have caused the 

slightly lower stereoselectivity in the conversion of la to 2a. The reaction of the a- 

bromo boronic esters with sodium azide in dichloromethane/waterr was carried out with 

Aliquat 336 (methyltrioctylammonium chloride) as phase transfer catalyst and a 50-fold 

excess of azide. Homologation of the a-azido boronic esters (3) was carried out as 

previously described. 1 

In a typical oxidation, 511 mg (1.37 mmol) of chloro azido ester 4a in 25 mL of t-butyl 

alcohol with 7.3 mL (69 mmol) of 2-methyl-2-butene was stirred during the dropwise 

addition of a solution of 1.24 g (11 mmol) of 80% sodium chlorite and 1.86 g (13.7 mmol) 

of potassium dihydrogen phosphate in 15 mL of water at 25°C. The mixture was stirred 

overnight and worked up by concentration, partitioning between water and ether, 

extraction of the acidic product into aqueous sodium bicarbonate, and reacidification and 

extraction with ether to yield an oily residue of azido acid (Sa), m/e 191.0807 (calcd 

191.0693). Intermediates 3, 4, and 6 were, in general, characterized by 200 MHz 

1H NMR17 and 22.6 MHz 13C NMR spectra. Hydrogenation was carried out under 1 
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atmosphere of hydrogen with 12 mg of platinum (IV) oxide in 14 mL of 50% aqueous 

ethanol for 2 h. Filtration and evaporation of the solvent followed by washing the solid 

residue with ether yielded the solid amino acid (6a) (161 mg, 71%). [a]D -28.5” (c 1.8. 

H20) [lit.18 (a]D -33.7 to -35.4”], confirmed by comparison with a commercial sample b> 

90 MHz 1H NMR and TLC. The rotation and NMR data suggest an impurity level in the 

10% range. 
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