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The development of new methods for stereoselective syrirable 1. Alkylation reactions of 3-phenylpyrazine

f[he5|s ofa-quarternana-amino acids has gained importance Entry Product RX Yield (%) % de
in recent years. These substances are popular replacements

for amino acids in peptides because their presence often Sg hCH3' 90 83
leads to enhanced proteolytic stability and a restriction in the 3 P_ ChBr 80 >99
number of allowed conformatiodsilso, a-quarternarya- 3; HZC‘:CHCHZBr 85 >99
amino acids are known to display inhibitory activity toward 3 HC=CCHBr 80 >99
; ; : 5P 3e CH3;OCH.CI 77 >99

enzymes and to serve as components of biologically active ¢
6 3f BrCH.CO,CH,CH; 79 >99

natural products. For example, some members of this family .
have recently been found to act as selective antagonists of ' 39 CaHoBr noreaction -
the metabotropic glutamate recegtor. 8 39 CaHsl 86 >99
Although a number of approaches for the synthesis of chirdlsolated yields’The reaction was performed at <&
a,a-dialkyl-substituteda-amino acids have been reported,
general methods for asymmetric synthesig-alkyl-a-aryl mide did not participate in this reaction but the correspond-
glycines have yet to be developed owing to the absence dfig iodide, prepared by treatment of the bromide with Nal in
procedures for introduction of the aryl moiétielow, we  acetone, did to give addudg (Table 1, entry 8).
describe the results of recent studies in our laboratory on the The 3-alkyl-3-phenylpyrazineésundergo slow hydrolysis
asymmetric synthesis @f-alkyl-a-phenylglycine derivatives. under mild conditions (0.25N HCI, 2%C) to yield the
The sequence developed for this purpose begins with arylaesireda-alkyl-a-phenylglycine methyl este#s(Scheme 2,
tion of the bislactim etherS[-1, which is a chiral glycine Table 2)” While the pyrazines containing small alkyl substit-
equivalent. This is followed by alkylation to form 3-alkyl-3- uents required 2-3 day hydrolysis periods for completion,
phenylpyrazine8 and subsequent hydrolysis to generate thehe benzyl substituted pyrazib gave only a 25% vyield of
target amino acid esters. 4b (50% recovere@®b) after treatment with 0.25N HCI for
(3R)-3-Phenylpyrazing is prepared by treatment of the 30 days (Table 2, entry 2)The hydrolysis products were
lithio anion of the bislactim ethet with the previously contaminated with trace amounts of dipeptide methyl esters
described benzene-Mn(Cjomplext Treatment of with which could not be separated by column chromatography.
n-BuLi at -78°C followed by addition of an alkyl halide When more highly concentrated HCI solutions are used for
leads to highly stereoselective (>99:1) formation of the

pyrazines3 in which the alkyl and isopropyl substituents are L

trans-disposed (Scheme 1, Table®The only exception to woo. L o
this general trend is with methyl iodide where an inseparabl ’ i \‘ 025N HOL H2N>‘)l\OCH
mixture (11:1) of diastereomeric produ@a is obtained N%ocm R P
(Table 1, entry 1). The diastereomer ratio in this case wa R b

determined by analysis of thd NMR spectrum which con- = B
tains the two sets of the methoxy methyl resonances at 3.7 Scheme 2

and 3.63 ppm (major) and at 3.66 and 3.57 ppm (minor).

Methyloxymethyl chloride did not react with the anior2of  Table 2 Hydrolysis reactions of 3-alkyl-3-phenylpyrazines

at -78°C but it smoothly gives addu8e when reaction is Entry  Products R Time (d) % Yield
performed at -30C (Table 1, entry 5). Finally»-butyl bro-

1 4a CHs 3 89
- - 2 4b PhCH 30 25
e ~_
A S I H 3 4c H,C=CHCH, 7 84
HiCO. A - HiCO o~ _THF.-78°C_ n.co. A =
™ ‘N 2 (Priti compiex \‘ ‘N 2 RX 7o 4 4d HC=CChH 14 80
~ ook, \]/ R N7:/‘\OCH3 5 4e CH:OCH; 2 79
Ph RT 7Pn 6 4f CHCO,CHCH3 9 80
(51 2 3a-g 7 49 CaHo 20 82

Scheme 1 3solated yields.
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the hydrolysis process, the yield diminished due to the for-
mation of unreactive 2,5-dioxohexahydropyrazines.

In order to determine if racemization is occurring under 5.
the conditions used for the hydrolysis reactions, synthesis of
the diastereomers of the 3-alkyl-3-phenylpyrazines with
opposite C-3 stereochemistry was attempted by using the
reverse alkylation-phenylation sequence (Scheme 3). Although™
reactions of the anions of the 3-alkylpyraziftewith the
benzene-Mn complex were successful, all attempts to oxida-
tively demetallate the (cyclohexadienyl)Mn comple&dsy
using NBS, CAN, iodine, REPF;, or Jones reagent failed
to give the 3-alkyl-3-phenylpyrazine products.

However, this problem was solved by employing a route
starting with the R)-enantiomer of pyrazing (R)-a-Methyl-
a-phenylglycine methyl ester was prepared fraRrX by
using the chemistry shown in Scheme 1. The enantiomeric
excess fora-methyl-a-phenylglycine methyl ester was the
determined byH NMR analysis using Eu(hfoghs a chiral
shift reagent. The enantiomer ratiod4a was found to be
11:1, the same as the 3-methyl-3-phenylpyra3adlia-
stereomer ratio, indicating that no racemization attends the
hydrolysis process.

In conclusion, 3-alkyl-3-phenylpyrazines can be prepared
in high yields and high diastereoselectivities by alkylations 7.
of chiral 3-phenylpyrazine. Also, mild hydrolysis of the pyra-
zine ring liberatesr-alkyl-a-phenylglycine methyl esters again
in high yields and without racemization.
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General Alkylation Procedure: To a stirred solution of
pyrazinel (0.35 mmol, 1.0 equiv) in THF (3 mL) under
an N atmosphere was addedBuLi (0.42 mmol, 1.2
equiv) at -78°C and the mixture was stirred for 30 min
before adding a solution of the alkyl halide (0.39 mmol,
1.13 equiv) in THF (1 mL). After stirring for 30 min, the
mixture is cooled to -78C, diluted with satd NkCI, and
extracted with ether. The ethereal extracts were washed
with brine, dried (MgS@) and concentrateid vacuogiv-

ing a residue which was subjected to chromatography on
silica gel (ether-hexane, 1:10) to yield the pyrazides
General Spectroscopic Data:S@R)-6-Isopropyl-2,5-di-
methoxy-3-benzyl-3-phenylpyrazing@h): [a]5 = +53.7

(c 1.9, CHCLp); 'H NMR (300 MHz, CDC4) §7.60 (d,J
=11.0 Hz, 2H), 7.09-7.34 (m, 8H), 3.78 (s, 3H), 3.7Q(d,
=12.6 Hz, 1H), 3.67 (s, 3H), 3.14 (5 3.3 Hz, 1H), 3.10
(d,J = 12.6 Hz, 1H), 2.07 (dhepl,= 6.7, 3.6 Hz, 1H),
0.89 (d,J = 6.6 Hz, 3H), 0.55 (d) = 6.6 Hz, 3H); IR
(KBr) 3296, 2965, 1694, 1434, 1241, 1186tm

General Hydrolysis Procedure: A suspension of the 3-
alkyl-3-phenylpyrazin& (0.34 mmol) in 0.25N HCI solu-
tion (10 mL) and stirred for 2-30 days atZ& The mix-

ture was washed with ether and the aqueous layer was
concentrated. The residue was diluted with ether and conc.
NH4OH was added until pH reached 8-10. The ethereal
layer was separated and aqueous layer was extracted with
ether. The combined ethereal extracts were dried (MgSO
and concentrateéh vacuogiving a residue which was
subjected to chromatography on silica gel (ethyl acetate-
hexane, 1:2) to yield the amino acid estér&General
Spectroscopic Datdor (9-a-Benzylphenylglycine methyl
ester gb): '"H NMR (200 MHz, CDCJ) & 7.58-7.04 (m,
10H), 3.37 (s, 3H), 3.64 (d,= 13.0 Hz, 1H), 3.15 (d| =

13.0 Hz, 1H), 1.89 (s, 2H); IR (KBr) 3323, 3034, 2951,
1724, 1599, 1434, 1255, 1186 ¢m
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