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Abstract 

Using the concept that L-serine can be converted into a desymmetrized T-diol derivative, five D-amino acids were 
synthesized from a common aziridine intermediate by a general, high-yielding three-step process. The key 
2-t-butyldimethylsiloxymethyl N-t-butoxycarbonyl aziridine intermediate was synthesized in four steps and 65% 
overall yield. © 1998 Elsevier Science Ltd. All rights reserved. 
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Stereoselective syntheses of unnatural amino acids are increasingly important for 
peptidomimetics and rational drug design. The stereoselective synthesis of o~-amino acids was 
thoroughly reviewed in 1994 and 1989 [1,2]. Stereoselective transformations of aziridines 
have also been reviewed [3]. The conversion of L-serine (Ser) into D-amino acids using 
methods not involving aziridine intermediates has been described [4,5]. Organometallics have 
been reacted with aziridine electrophiles to give L-m-amino acids or alcohols previously [6- 
14]. t-Butyl ester has been used to circumvent attack of the organometallic reagent on the 
carboxyl group of the aziridine, but the non-orthogonal Boc group was used on the amine 
[10,6]. In another case, the free carboxylate of the aziridine was inert to nucleophilic attack 
[8], though the N-pentamethyl-chromanyl protecting group is expensive and the N-tosyl 
group requires harsh cleavage conditions. The diphenylphosphinoyl group is a promising 
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Scheme 1: Prochirality of L-serinol and conversion to amino acids. 
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aziridine activating group stable to many nucleophiles and easily cleaved by TFA [9]. We 
now report an economical and facile synthesis of D-amino acids via nucleophilic ring opening 
of an L-serine-derived aziridine. 

Ring opening of Ser-derived aziridines is essentially the conversion of Ser to a different 
amino acid. Interestingly, derivatives of serine can be thought of as desymmetrized T-diols 
and used as the chiral precursor for either L- or D-amino acids, Scheme 1. Reducing the acid 
of Ser to the alcohol gives a meso-compound with two reaction sites, potentially pro-R and 
pro-S. In route B, the final D-amino acid has the inverse stereochemistry of the starting Ser. 

The aziridine used in the ring-opening reactions was synthesized in four steps from 
L-serine methyl ester, Scheme 2. The amine was protected as the t-butylcarbamate and the 
alcohol was silylated with TBSC1. Reduction of the methyl ester with LiBH4 gave alcohol 1 
in 95% yield over four steps without chromatography. 1 Mitsunobu ring closure [6,16] and 
the single chromatographic step of the sequence gave 68% yield of intermediate aziridine 2. 2 
This high-yielding sequence allowed us to prepare multigram quantities of 2 quickly, 

Copper-mediated ring opening of the aziridine with Grignard or organolithium reagents 
gave the amino-alcohol TBS-ethers generally in high yield, Scheme 3 and Table 1. CuBr 2- 
SMe 2 complex efficiently catalyzed reaction of Grignard reagents with the aziridine [6,9]. 
The higher-order cuprate derived from methyllithium also reacted in high yield leading to 
Boc-D-Abu, Boc-L-Abu has been synthesized by a highly efficient route from L-Met [17]. 
Allylmagnesium halides were somewhat problematic reagents, giving lower yields and purity. 
Fmoc-L-homoallylglycine has been prepared via alkylation of glycine [ 18]. 
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Boc --- t-butoxycarbonyl, DIEA = diisopropylethylamiue, TBS = t-butyldimethylsilyl, 
DMF = N,N-dimethylformamide, DIAl) = diisopropylazodic~boxylate, THF = te~rahydrofuran 

S c h e m e  2: Synthes i s  o f  2- t -buty ld imethyls i loxymethyl  N- t -bu toxycarbony l  aziridine.  

1 N-Boc-Serin-(O-t-butyldimethylsilyl)-ol (1). DIEA (8.05 mL, 46.2 retool) was added to a stirred suspension of  serine 
methyl ester hydrochloride (6.58 g, 42,3 retool) in CH2CI 2 (150 mL). Boc20 (9.23 g, 42.3 retool) was added and the reaction was 

stirred for 2h. Aqueous workup (1N HCI, NaHCO3, CH2C12) yielded 9.15 g of product which was dissolved in DM_F (150 mL) and 

cooled to 4* C. Imidazole (8.53 g, 125.3 retool, 3 eq.) was added followed by TBSCI (6.92 g, 45.9 retool, 1.1 eq) and the reaction 
was stirred for 6 h. DMF was removed with high vacuum/rotary evaporator. Aqueous workup (NH4CI, NaHCO 3, EtOAc) yielded 
13.61 g of product. The crude material was dissolved in THF (120 mL) and LiBH4 (1.36 g, 62.6 retool, 1.5 eq) was added. The 
exothermic reaction wanned to -35* C and was stirred for 1.5 h. Slow NH4CI quench followed by aqueous workup (NH4CI, 
NaHCO3, EtOAc) yielded 12.40 g (96% overall) of alcohol I which was used crude in the next reaction. A sample was purified for 

analysis. [~]25 D = +17.7 ° (c 2.12, CHC13). lit. [a]D = +13 ° (c 1.1, CHCI3) [15] 1H NMR (CDCI3) ~ 5.12 (br s, 1H), 3.63 (m, 

5H), 3.35 (br s, 1H), 1.39 (s, 9H), 0.84 (s, 9H), 0.02 (s, 6H). 
2 2- t -Buty id imethyls i loxymethyl  N-t .butoxycarbonyl  aziridine (2). Ph3P (8.13 g, 31 retool) was dissolved in 9:1 
THF/CH3CN (300 mL) and cooled to 4* C. DIAD (6.08 mL, 31 nunol) was added over 10 rain. After stirring 15 rain., a solution of 

Boc-amino-alcohol 1 (6.31 g, 20.7 mmol) in THF (40 mL) was added over 15 rain. The solution was allowed to warm to rt and 

stirred for 24 h. Aqueous workup followed by silica chromatography (pet. ethef:EtOAc, 95:5) yielded 4.02 g (68%) of azirdine 2 as a 
colorless oil. [~]D 25 +58.0 ° (51.96 MeOH). 1H NMR (CDCI3) 5 3.72 (dd, 1H, J--4.8,11.4), 3.57 (dd, IH, J=4.8,11.4), 2.49 (m, 

1H), 2.18 (d, 1H, J=6.2), 2.00 (d, 1H, J=3.5), 1.39 (s, 9H), 0.84 (s, 9H), 0.02 (s, 3H), 0.01 (s, 3H). 
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The TBS group was removed with fluoride and the resulting Boc-amino alcohol was 
oxidized with Jones' reagent. The Boc-amino acid was purified by simple aqueous work up. 
Yields of the final two steps were around 70%, while the overall yields were generally 60- 
65%.3 The yields from the Jones' oxidations were reasonably good, though generally the 
lowest yielding steps in the sequence. The use of other oxidants in schemes to invert serine 
has been discussed [ref 1, cf. pp. 1616-1617]. The optical rotations for the 
chromatographically-purified Boc-D-amino acids were of the same magnitude and opposite 
sign to the corresponding known Boc-L-amino acids, Table 1. The short reaction times and 
facile purification procedure allowed most amino acids to be synthesized in under eight 
hours. Though this route has more steps than other aziridine routes, it is similar in actual 
preparation time. The potential for racemization is vastly reduced at the alcohol oxidation 
state and eliminates the possibility of addition to the carboxyl by strong nucleophiles. The 
protecting group strategy is orthogonal and allows more product diversity. 

/ R  I R  
BocN/~...,.jOTBS R-M, CuX - 1) Bu4N* F', THF - 

THF/EI20= BocHN "J'V'OTBS -- BocHN/~.C02 H 2 2) Jones' reagent, 
acetone 

Scheme 3: Synthesis of Boc-D-amino acids from aziridine 2. 

Table 1 
Reaction Conditions, Yields, and Optical Rotations for D-Amino Acid Syntheses. 

R-M (eq) CuX (eq) yield % overall  

~,ield % 

Boc-D-Amino acids [O~]D25/ 

Boc-L-Amino acids [O~]D a 

PhMgBr  (2.5) CuBrSMe2 (0.10) 100 65 -24.8 (c= l .00  EtOH)/ 

L +24.9 (c=1.20 EtOH) 

iPrMgC1 (3.0) CuBrSMe2 (0.15) 93 69 +22.7 (c=1.24 CH2C12)/ 

L -22.8 (c=1.04 CH2C12) b 

MeLi CuCN (2.50) 93 70 +18.8 (c=1.62 MeOH)/  

(5.0) L -18.8 (c=2 MeOH) [19] 

cyclopentylMgCl (2.5) CuBrSMe2 (0.15) 96 71 +7.3 (c=0.90 MeOH) 

allylMgCl (1.2) CuBrSMe2 (0.15) 61 43 +1.5 (c=1.36 MeOH) 

a Novabiochem Boc-L-Phe and Boc-L-Leu rotations were measured, b Boc-Leu values are reported as the monohydrate. Boc-D-Leu 
previously synthesized gave [¢t]D = 19.7 ° (C 1.545, CH2CIz), but [ct] was not calculated as the monohydrate [20]. 

3 General procedure for Boc-amino acids. The Grignard reagent (1.5-2,5 eq) was added to a suspension of CuBr-SMe 2 (15 

tool %) in THF (8 mIdmmol aziridine) at -40°C. Alternatively, MeLi (5 eq) was added to a suspension of CuCN (2.5 eq) in THF (3 
mL/mmoi CuCN) at -40"C. The cuprale was stirred for 20 rain and a 4 ° C solution of aziridine 2 in Et20 (0.25-0.5M) was added 
over 3-5 rain, and stirred - 1 hr. Mter sat'd NaHCO3, sat'd NH4C1, EtOAc workup, the TBS ether (0.1 M in THF) was treated with 

1M nBu4NFFFHF (3 eq) for 1 hr at 4 ° C. After aq. workup, the crude alcohol (83 mM in acetone) was cooled to 4 ° C, 2-3 eq. of 
Jones reagent (2.67M) were added and the reaction was stirred for 20 rain. i-PtOH was added followed by aq. workup (1N HCI, 
EtOAc). The Boo-amino acid was extracted from EtOAc with dilute aq. NaHCO 3. Reacidification and EtOAc extraction of the aq. 

basic solution yielded the Boc-amino acid. 
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In conclusion we have developed a general synthesis of optically pure D-amino acids from a 
single L-Ser derived aziridine. This methodology provides a useful complement to previous 
work, adding side chain diversity and orthogonally protected intermediates. The short and 
economical synthesis of both the aziridine and the subsequent amino acids makes this a 
practical methodology. 
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