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ASYMMETRIC SYNTHESIS OF o.-AMINO ACIDS BY ALKYLATION OF A GLYCINE AMIDE DERIVATIVE
BEARING CHIRAL 2,5-DISUBSTITUTED PYRROLIDINE AS AN AMINE COMPONENT
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Department of Chemistry, Kyushu University 33, Hakozaki, Higashi-ku, Fukuoka 812, Japan

Summary: Highly diastereoselective alkylation (>96% de) of a-1ithiated N-[N'-bis{methylthio)-
methyleneglycyl)-trans-2,5-bis(methoxymethoxymethyl)pyrrolidine and subsequent hydrolysis
gave o-amino acids of high optical purity. An unusual amino acid (25,9S)-2-amino-8-0x0-9,10-
epoxydecancic acid was synthesized in its N-protected form as an application of the method.

The alkylation of glycine derivatives has a particular advantage for the synthesis of
a-amino acids because a wide variety of a-amino acids can be prepared from a single starting
material by the choice of alkylating agents.]) However, examples of asymmetric synthesis of
a-amino acid by this approach in combination with appropriate chiral auxiliaries are not
many,z) and enantiomeric purity attained therein has not been so satisfactory.

Here, we describe a highly effective asymmetric synthesis of a-amino acids by diastereo-
selective alkylation by using a chiral auxiliary, 2,5—b1s(methoxymethoxymethy])pyrrolidine,3a)
as its N-protected glycine amide (1). For the N-protection, b1’s(methy1th1’o)methy]enation4
gave the best results among others. Results are summarized in Table 1. Alkylation with methy]l
iodide or benzyl type bromide took place smoothly. The reaction with isopropyl iodide did not
proceed, and isobutyl iodide gave only a poor yield (15%). However, the use of the corre-
sponding triflates much improved the yields (entries 3 and 4). A1l the alkylated products (2)
were hydrolyzed to the corresponding amino acids (3) without appreciable racemization by
refluxing them in aqueous 1 mol cm_3 HC1 for 4h, followed by neutralization of the mixture with
NaHCO3 at rt. The (25,55)-amide (1) invariably gave (S)-amino acids (3) indicating the
approach of electrophiles on the si-face of the g—eno]ate.3)

Thus, in view of the good overall yield, the high enantiomeric purity, and the predictable
stereochemistry of the product, the present method will provide a general and useful means for
the synthesis of optically active a-amino acids, especially of those of unusual or unnatural
type which are not easily accessible by fermentation procedure.

In a typical experiment, the amide (1, 62.5 mg, 0.164 mmol)S) was lithiated in THF
(0.3 m1) by the addition of a solution of lithium diisopropylamide (0.67 mol cm_3 in hexane,
27041, 1.1 eq) at -78 °C and by keeping the mixture at -20 °C for 5 min. The mixture was
cooled to -78 °C, and a solution of isobutyl triflate (0.53 mol cm'3 in toluene, 370ul, 1.2
eq; preparation, reference d in Table 1) was added to this under stirring. The mixture was left
to stand for 24 h at -20 °C, and after the addition of aqueous phosphoric acid (5%, 120 1), the
temperature was raised to rt. Extraction (CH2C12), drying (Na2504), concentration, and silica
gel chromatography (hexane-ethyl acetate, 3:2) gave (25,55,2'S)-N-[N'-bis{methylthio)methylene-
leucyl1-2,5-bis(methoxymethoxymethyl)pyrrolidine as an oil (48.5 mg, 68%).
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Table 1. Alkylation of the (25,55)-Amide (1)
Alkylation Alkylated Amide (2) o -Amino Acid (3)
Entr‘y a) b)
RX Solvent Temp Yield % de [a]D Yield % ee Confn.
(°C) (%) (MeOH) (%)
1 Mel THF -78~-20 84 98 -44.6° 97 95e) S
2 PhCH ,Br THE -78--20 85 98 -67.6° 92  977) s
3 Me,CHOTFS)  ThF- -20 51 98 -34.0° 8l 9 s
pentane
4 Me ,CHCH,0TF%)  ThF- -78~-20 68 97 -27.4° % 9" s
Toluene
5 p-Me0C6H4CHZBr THF -78~-20 91 96 -72.5° 88 95f) S

a) Diastereomeric ratios were determined from intensitjes of relevant ]H NMR(90 MHz) signals.
b) Configuration was determined from the sign of optical rotation of the amino acid. c¢) The
triflate was prepared from the corresponding alcohol and (CF3SOZ)20 in pentane in the presence

of pyridine according to the reported procedure (C.D.Beard, K.Baum, and V.Grakauskas, J.
Org. Chem., 38, 3673 (1973)1. d) The triflate was prepared from the corresponding Li alkoxide
(n-BuLi) and (CF350,),0 in toluene [W.G. Dauben and J.W.Vinson, J. Org. Chem., 40, 3756

{(1975)3. e) The amino acid was coupled with an active ester of N-{(benzyloxycarbonyl)-1-
leucine (Z-leucine) with N-hydroxysuccinimide (G.W.Anderson, J.E.Zimmerman, and F.M.Callahan,

J. Am. Chem. Soc., 86, 1839 (1964); Y.Shimohigashi, S.Lee, and N.Izumiya, Bull. Chem. Soc.
Jpn., 49, 3280 (1976)] and the dipeptide obtained was converted to the corresponding methyl

ester (CH2 2) Enantiomeric excess was determined from the intensity of the ]H NMR signal

(alanine methyl). f) Determined from the intensity of ]H NMR signal (ester methyl) of the
Z-leucyl dipeptide methyl ester (see reference e). g) Precise value could not be obtained

either by ]H NMR or HPLC analysis of the Z-leucyl dipeptide methyl ester. [ujze 5+5.38°,
1it. [a]i5+5.63° (J.P.Greenstein and M.Winitz, "Chemistry of the Amino Acid," John Wiley &

Sons, Inc., New York, 1961, Vol. 3, p. 2368). h) Determined after the separation of the
Z-leucyl dipeptide methyl ester by HPLC.

The alkylated amide thus obtained was refluxed in agueous HC1 (1 mol cm-3, 1.1 ml) for
4 h. The mixture was neutralized with saturated aqueous NaHCO and ion-exchange chromato-
graphy [Dowex 1 (OH-form) and 50W (H-form)] gave (S)-leucine [14 6 mg, 96%, (a]26-10 ge (HZO
c=0.52), 1it.8) (1Z-11.0° (1,0, c=2)1.

As an app]1cat1on of the present method, synthesis of (2S,95)-2-amino-8-0x0-9,10-epoxy-
decanoic acid (Ace) was carried out in its N-protected form (9). Aoe is an unusual amino acid
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7)

found in several physiologically active peptides’’ as a component. Though it has not been

isolated as a free amino acid, its structure including absolute configuration was established
by an X-ray study of a cyclic tetrapeptide, ch]amydocin,7b) 8) or
unnatural (2§,95)9)

with the asymmetric alkylation of 1 with 6-t-butyldimethylsiloxy-1-hexyl triflate

and the synthesis of dI-
Aoe has been reported in protected form. Our synthesis (Scheme 1) started
10) followed
by acid hydrolysis according to the procedure described above. The hydroxy amino acid (4)]])

thus obtained was converted into an aldehyde (5)]2) and then into a diastereomeric mixture of
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a) LDA, TfO(CH,).0TBDMS (-78~-20 °C, 86%) b) 1 mol cm ° HC1 reflux (91.2%) c) SOC]Z, MeOH

2)6

d) C1COOCH2C6H5, NaHCO (79.5% from 4) e) (COC])Z, DMSO, Et3N CH C] (88%) f) vinyl-
magnesium bromide, THF (524) g) Ti(0 Pr) -)-diisopropyl tartrate, (c 3)3C00H
CH,CT, (32%) h) the same reagents as e (754) 1) K,C04, MeOH-H,0 (1:1) (84.5%)

Scheme 1

allyl alcohols (6)]3) by conventional transformations. The corresponding N-(t-butoxycarbony1)
compound was the intermediate of the synthesis by Jacquier et al. 9) and the next kinetic
resolution by asymmetric epox1dat1on]4) to 7]5) was carried out in a similar way. The Swern
oxidation of 7 gave the ketone (8).16) 8 was smoothly hydrolyzed to N-benzyloxycarbonyl Ace
(9)]7) but the deprotection to the free amino acid was unsuccessful bgéause of the Tability
of 9 under the conditions.
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