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The central role of a-amino acids in chemistry and biology
has stimulated the development of numerous methods for their
synthesis.! Among these, the asymmetric alkylation of chiral
glycine derivatives, conceptually one of the simplest and most
general strategies, figures prominently.? In this work we detail
a new method for the synthesis of D- or L-o-amino acids that
involves the direct alkylation of (+)- or (—)-pseudoephedrine
glycinamide, without the need for protective groups. The
methodology we describe offers an exceedingly practical
alternative to existing methodology for a-amino acid synthesis
and is noteworthy for its directness and experimental simplicity.

Pseudoephedrine is an inexpensive chiral commodity chemi-
cal that is available in quantity in both enantiomeric forms. We
have previously shown that amides derived from pseudoephe-
drine undergo efficient and diastereoselective alkylation reac-
tions and that the alkylated products are readily transformed
into chiral carboxylic acids, aldehydes, ketones, and alcohols
of high enantiomeric purity.> In an important extension of this
methodology, we now report the use of pseudoephedrine
glycinamide (1) as an economical and versatile precursor for
the synthesis of a wide range of natural and nonnatural o-amino
acids of high enantiomeric purity.

Both enantiomeric forms of 1 have been synthesized in
quantity either by the direct acylation of pseudoephedrine with
the mixed anhydride formed from N-Boc-glycine and pivaloyl
chloride, followed by acidic cleavage of the N-Boc group (88%),
or, more economically, in a single step by the condensation of
glycine methyl ester with pseudoephedrine promoted by n-
butyllithium and lithium chloride (70%).* Anhydrous 1 (mp
78—82 °C) can be weighed and transferred quickly in the
laboratory without impairing subsequent alkylation reactions,
but will hydrate upon extended exposure to the air.

Addition of a solution of (S,5)-(+)- or (R,R)-(—)-1 (1 equiv)
in tetrahydrofuran to a slurry of lithium chloride (6.0 equiv)
and lithium diisopropylamide (1.95 equiv) in tetrahydrofuran
at —78 °C leads to initial deprotonation of the hydroxyl and
amino groups of 1, as evidenced by the observation of products
of N-alkylation when alkylating agents are added at this
temperature. Upon warming of the O,N-dianion solution to 0
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°C for 20 min, however, equilibration to the (Z)-enolate by C
to N proton transfer must take place, for addition of electrophiles
at this point efficiently forms products of C-alkylation; N-
alkylation is effectively suppressed. A wide range of electro-
philes can be utilized successfully in the alkylation reaction
(Table 1), including poorly reactive substrates such as isobutyl
iodide. Notably, the latter reaction can be conducted at 23 °C
(8 h) without apparent decomposition of the enolate, affording
2¢ with 90% de (73% yield). With other substrates, alkylation
reactions are conveniently conducted at 0 °C. For allylic and
benzylic halides, product de’s of 91—93% are common, whereas
normal or branched alkyl halides typically afford products with
higher diastereoselectivity (96—98% de). The sense of asym-
metric induction is the same as that previously observed for
the alkylation of pseudoephedrine amide enolates: (R,R)-(—)-
1 produces L-a-amino acid derivatives, and (5,5)-(+)-1 produces
D-a-amino acid derivatives. Many of the alkylation products
are crystalline compounds and can be isolated as analytically
pure solids of 299% de by direct crystallization from the crude
reaction mixture (see values in parentheses, Table 1).

The use of slightly less than 2 equiv of base is important not
only for anion equilibration but also to avoid the onset of a
deleterious side reaction that occurs when >2 equiv of base is
added, resulting in the release of free pseudoephedrine (believed
to involve an intermediate trianion). For this reason it is
important to use solutions of n-butyllithium that are accurately
titrated when preparing lithium diisopropylamide.’ In small-
scale reactions (<5 mmol) we have found that n-butyllithium
may be used directly to deprotonate 1 (in lieu of lithium
diisopropylamide), but produces an exotherm that leads to partial
cleavage of 1 on a larger scale. Lithium diisopropylamide has
been found to be effective on both large and small scales.

A major advantage of this methodology is the efficiency and
ease with which the auxiliary is removed. Hydrolysis of the
alkylation products occurs rapidly in the presence of sodium
hydroxide (2 equiv) in water or water—methanol mixtures at
reflux. The aqueous hydrolysis mixture is extracted with
dichloromethane to remove the pseudoephedrine auxiliary (96%
recovery). The alkaline, aqueous product solution is then treated
with acylating agents such as di-fert-butyl dicarbonate or
9-fluorenylmethyl chloroformate in the presence of sodium
bicarbonate (2.0 equiv, to quench excess hydroxide), to afford
directly the corresponding Boc or Fmoc N-protected qt-amino
acids (Table 2). The yield of this hydrolysis/N-protection
procedure typically exceeds 90%, and, where substrates of
299% de are employed, products of =99% ee are often
obtained. The rate of alkaline hydrolysis of these a-amino
amides is much faster than that of their hydrocarbon counter-
parts.> This is believed to be due to acceleration of the (rate-
determining) intramolecular N — O acyl transfer step. Impor-
tantly, the rate of epimerization of the o-center is not
correspondingly accelerated. In at least one case, enantiomeric
enrichment of the product was actually observed (2f of 91% de
gave amino acid of 94% ee) due to the slower rate of hydrolysis
of the minor diastereomer.

A second cleavage method is available that is ideal for the
isolation of free amino acids. Solutions of the alkylation
products in pure water are sufficiently basic (pH ~ 10) to
undergo hydrolysis at reflux without the need for an external
base. Although the rate of hydrolysis is slower, little (<2%)
to no racemization is observed. Because the reactions proceed
in pure water, no desalting procedures are necessary to isolate
the pure amino acids. Extraction of the aqueous reaction
mixture with dichloromethane, lyophilization of the aqueous
layer, and trituration of the solid residue with ethanol (to remove
any remaining pseudoephedrine) then provides the pure a-amino
acid (Table 3).
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Table 1. Diastereoselective Alkylation of Pseudoephedrine
Glycinamide (1)°

CH:L . i/

£ 1. 1.95 LDA, LiCI

[ 1 A NHp 7 O NH,
) 2 Xe+™ Y

CH, 2.RX -]
1 2a-t
temp time yield de®
RX (°C)  (h)  prod. (%) (%)
CH;CHal 0 1.5 2a 82(76) 97(299)
CH,=CHCH,Br 0 0.3 2b 80(69) 93(299)
(CH3),CHCH,! 0 48 2¢c 55 97
23 8 2¢ 73(43) 90(=99)
CeHsCH,Br 0 1 2d  79(68) 91(=299)
¢-C;HsCH,I 0 10 2e  82(66)¢ 98(z99)
0-CH3;0C¢H4CH,Br 0 2 2f 83 9t

“ Values in parentheses are for products isolated by recrystallization.
¢ Determined by capillary GC analysis of the corresponding diacetates
using a Chirasil-Val column. ¢ Approximately 7% of the homoallylic
isomer (Sn2’ product) was produced in this reaction. The isolated
product was contaminated with ca. 1% of this byproduct.

Table 2. Hydrolysis of Pseudoephedrine Amides Followed by

N-Protection®
g

j\/ 1.NaOH, A
NH,

X F 2.Boc,0 o FmocCl " &
281 3af X =Boc
4a-f X = Fmoc
3a—f d4a—f

time yield ee® yield ee?

entry R h @& B (B (%)

a CH3CH; 1.5 97 =99 99- =99

CH,=CHCH; 1.5 91 =99 75 =99

c (CH3),CHCH 1.5 97 =99 81 =99

d C¢HsCH, 3 88 =99 90 =99

e ¢-C3HsCH, 2 93¢ =98 84 =299
f 0-CH;OCH,CH, 4~5 86 96  8I° 98¢

@ All starting materials were of 299% de except as noted. ® Enan-
tiomeric excesses (ee’s) were determined by HPLC analysis using a
Crownpak CR(+) column. ¢ Reaction performed using Fmoc-N-
hydroxysuccinimide. ¢ Isolated product contains ca. 1% of the 2-amino-
5-hexenoic acid derivative. ¢ Starting material was 91% de. Hydrolysis
afforded amino acid of 94% ee; additional ee enrichment of 3f and 4f
due to recrystallization.

Table 3. Aqueous Hydrolysis of Pseudoephedrine Amides®

ij\:,NHz H,0, reflux Hoj\(”H’
R R
2a-f Sa-t
time yield crudeee® isol eec
entry R (h) (%) (%) (%)
a CH;CH, 10 88 >99 >99
b CH,=CHCH, 10 87 98 =99
c (CH;),CHCH, 10 86 =99 299
d C¢HsCH, 18 77 98 299
e ¢-C3HsCH, 12 794 297 =98
f 0-CH;0C¢HsCH,  22¢ 71 93 299

@ All starting materials were of 299% de except as noted. Enan-
tiomeric excesses (ee’s) were determined by HPLC analysis using a
Crownpak CR(+) column. ¢ Prior to trituration with EtOH. ¢ Subsequent
to trituration with EtOH. ¢ Isolated product was contaminated with ca.
1% 2-amino-5-hexenoic acid. ¢ Starting material was 91% de. This
reaction was conducted in a 1:1 mixture of water and p-dioxane.

We have extended this methodology to the synthesis of cyclic
amino acids and a-N-methylamino acids. For example, treat-
ment of the enolate derived from (S,S)-(+)-1 with 1-chloro-4-
iodobutane followed by heating of the crude reaction product
to induce cyclization of the chloroalkylamine forms the D-
pipecolinic acid amide 6 in 72% yield (96% de). Alkaline
cleavage of the pseudoephedrine auxiliary, acylation of the crude
product with di-terr-butyl dicarbonate, and recrystallization
affords N-Boc-D-pipecolinic acid 7 in 77% yield (96% ee).
N-Methyl o-amino acids are prepared from pseudoephedrine
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N-methyl glycinamide (8), synthesized from N-Boc-sarcosine
and pseudoephedrine in analogy to 1 above. Alkylations of 8
are similar to those of 1 in yield and diastereoselectivity. For
example, alkylation of 8 with benzyl bromide provides amide
9 (mp 119-120 °C) in 79% yield and 91% de (58% yield and
>99% de after recrystallization). Cleavage of the pseudoephe-
drine auxiliary (2 equiv of sodium hydroxide, 1:1 methanol/
water, reflux, 24 h) and N-acylation of the crude product with
di-tert-butyl dicarbonate provides N-Boc-N-methyl-D-phenyl-
alanine (10) in 88% yield (94% ee from 9 of >99% de).

CHy

. 9
1. 1.5 ABuLi, LiCl L 1. NaOH, MeOH :
y LNHCHS sy NHCHs Ho)k(msoc

2. BnBr 2.
8 ° Bn BocgO 10 Bn

Finally, we have applied this new methodology to the
synthesis of D-f-(6-chloro-5-hydroxy-2-pyridyl)alanine, a con-
stituent of the antitumor antibiotic kedarcidin chromophore.®
Alkylation of the enolate derived from (S,5)-(+)-1 (1.3 equiv)
with iodide 11 (1 equiv)’ at —78 °C for 5 h gave the alkylated
amide 12 (crude de 93%, chromatographed de 96%, 89% yield).
Alkaline cleavage of the auxiliary, as described above, occurs
without competing hydrolysis of the chloropyridine group.
Protection of the crude product with Fmoc-N-hydroxysuccin-
imide and removal of the methoxymethyl protective group with
trifluoroacetic acid affords the acid 13 (mp 185—187 °C) in
73% yield (96% ee).

1. NaOH; Fmoc-OSu
HO” NHFmoc

f\(Im 2. TFA, H;0 T
{
? OMOM ﬂuon

In conclusion, we have developed a practical, experimentally
simple method for the synthesis of D- or L-a-amino acids
involving the alkylation of (5,5)-(+)- or (R,R)-(—)-pseudoephe-
drine glycinamide (1). The method features simple preparation
of starting materials from commercially available compounds
and does not require protective groups. The hydrolysis of the
pseudoephedrine auxiliary is easily achieved under mild condi-
tions leading to both free and N-protected amino acids of high
enantiomeric purity.
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