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Abstract: Kynureninase, which is known to catalyze the transaldolcontaining pyridoxal-5'-phosphate (65 mmol), and this reaction mixture
reaction between benzaldehyde and kynurenine, accepted many kindswds gently shaken at 30 °C for 8 hours. Dimethylsulfoxide (DMSO) can
other aromatic aldehydes and propargyl aldehydes as the substrateshéoused as a cosolvent up to 10% of volumetric concentration unless
afford novely-hydroxy-a-L-amino acids. The-configuration of then- aldehydes dissolve well in the buffer solution at the reaction temperature
carbons was confirmed by an enzymatic method using thoindL- (30 °C). Phenylacetaldehyde, phenylpropylaldehydeghthalimido-
amino acid oxidases. The stereochemistry of the newly formed chiracetaldehyde, benzyloxyacetaldehyde, 1,1-dimethylethyl-2,2-dimethyl-
center {-position) in major isomers was determined to Be 4(R)-formyloxazolidine-3-carboxylate (Garner's aldehydeere not
configuration by the observed NOEs in the NMR spectroscopy otonsumed in the reaction and more than 90 % of these aldehydes were
lactones derived from thehydroxy-a-L-amino acids. recovered from the reaction medium. The neighbosplcarbons to
the aldehyde group seemed to interrupt the enzyme-substrate (ES)
Recently, we reported a facile method for the preparati@hytiroxy- complex formatioh due to the van der Waals repulsion which can n(?t be
relieved by rotation even in the case of methylene carbon. Neither

a-L-amino acids by usingL-threonine aldolase (LTA) catalyzed it functional in the aldehvd focted th
reaction’ and succeeded in short step synthesis of some bioactiy@Y9e" Nnor nitrogen functional groups 1n the aldehydes aflecte €

compounds by using this enzymatic reaction as a key’sfegymatic P 09'€SS of the reacti@R. Therefore, several aldehydes bearspd-

aldol reactiofl including LTA catalyzed reaction is a practical method carbonf at l(tjher?-gosmon were n(tax(tj ttestt;]ad as the supstrates. Many
for achieving asymmetric carbon-carbon bond formation on a Iarg("é‘roma ic aldehydes were converted to the corresponyeiyglroxy -

scale, since these reactions require neither absolute non-aqueoéHEmO atcldbstlp gs(;d yle(]IIFIs (tThakI)Ie _1) agthougig t:edap;;ropntztel. pdrolducts
atmosphere nor extremely low temperature. were not obtained irofp-dimethylaminobenzaldenyde, 1-methylindole-

3-carboxaldehyde, and cinnamic  aldehyde. Furthermore,

phenylpropargylaldehyde84) which carryssp-carbon at thet-position
y-Hydroxy-a-L-amino acids as well aB-hydroxy-a-amino acids are was smoothly transformed intpphenylpropargyk-hydroxy-a-amino
useful building blocks for the synthesis of many kinds of bioactiveacid @b) in spite of the low chemical yield (20%). The substrate
compounds. The anion which possesses a negative charge fn thespecificity of kynureninase implies that the catalytic site of
carbon ofL-alanine is an essential species for the aldol reaction tynureninase should be narrow and sterically hindered since only the

prepare the-hydroxy-a-L-amino acids. Fortunately, kynureninase (  flat and/or straight molecules can be incorporated as the substrates.
kynurenine hydrolase, E.C. 3.7.1.3) was shown to generate the anionlirma”y

its natural reaction from kynurenind)(to anthranilic acid 3) and
alanine. The reaction mixture of benzaldehyde and kynuretijrie the
presence of kynureninase affordggphenyly-hydroxy-a-L-amino-

the stereochemistry of- andy-carbons and the ratios of the
isomeric products were determined. All of the products were obtained as
diastereomixtures; however, the absolute configuration at othe
positions was confirmed to retain-configuration by means of

butyric acid wn.th anthranilic ac?lﬂ.lt seems that thB-anion of alanine experiments in which prepargehydroxy-a-amino acids were subjected
generated during the enzymatic bond cleavage betresmuly-carbons to reactions wittp- andL-amino acid oxidas® These compounds were

of kynurenine ) attacked the carbonyl group of benzaldehyde before hgtrates for-amino acid oxidase but monitoring with TLC showed
being trapped with a proton from the aqueous medium. Kynureninase j§., 1o pe inactive towarg-amino acid oxidase. The ratios of the

one of the best—researcheq .e.nzymes in term§ of biochemical StucB’lastereomers were evaluated by deriving lactones fronlilydroxy-
however, the substrate specificity of the kynureninase catalyzed CarbOHZamino acids. For instance, the amino groupy-aryl-y-hydroxy--

.carbon bond formation has not be_e_n_ StUdie_d atall. In this articlg, W&mino acid 4) was protected wittert-butyloxycarbonyl group to afford
intend to report the substrate specificity of this aldol reaction (precnseIN_BOC amino acid%), from which cesium salt was prepared by adding

transaldol reaction) catalyzed by kynureninase frBseudomonas g o, in aqueous methanol. Addition of methyl iodide into the DMF
ﬂuorescen.s (AT_CC 1125_0)' Moreover, . .the st'ereoche.mlstry of the solution of5 affordedy-lactones §a,” 6b8), which can be separated by
products is discussed in order to utilize this reaction widely and

practically in organic synthesis.
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Schemel. Kynureninase-catalyzed Carbon-carbon Bond Formation

6a (74 %) 6b (12%)

Kynureninase da. 7 units) prepared according to a method in the

literaturé' was added into a mixture of an aldehyde (2.0 mmol) anc
kynurenine {, 0.25 mmol) in Tris. buffer(pH 8, 65 mM, 40 mL) Fig. 1. Determination of Relative Stereochemistry of Compound 4
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Table I. Substrate-Specificity of Aldol Reaction Catalyzed by Kynureninase

Entry Substrate Product DlaSl;l':eg-l'allO Ch;:g;al
0 OH NHp
a @)kH @N\COQH 91:9 50 %
o OH NHp
OCH, OCHs
o] OH NHp
OCHs OCH;
o OH NH,
d ﬁ " /©)\/\ CO,H 96:4 50 %
HyCO HsCO
0 OH NHy
O:N ON
) OH NH,
= H = CO.H
f 7 Z 63:37 20 %
3a 3b
O OH NH,
S S 95:5 46 %
¢ :
Ly L COaH
o] OH NH,
CO.H 96:4 55 %

silica gel chromatograptfyThe result of NOE experiments showed that Shiobara, Dr. Mitsugu Tomioka, and Ms. Yuki Odanaka for their

the furyl and theBoc groups orientatérans in the major lactone6g)
while showingcis -orientation in minor lactonesb). As a result, th&/S

technical support on measuring the MS and NMR spectra.

ratio of y-carbon ofL-amino acid 4) was determined to be 86 : 14 (Fig. References

1). One isomer of methyl esters was also obtained as a product pf
lactonization in some cases (Table 1, erdnyg, f). The ester was
estimated to have the same configuration as a minor lactone because the
cis-substituents in the minor lactone can interrupt the lactonization ané'
compete with methylation of the carboxylate.

In addition, the prepared amino acids are useful starting materials in the
preparation of not only novel peptides but also many types of bioactive
compounds.y-Furyl-y-hydroxy-a-amino acid 4), for example, was
converted to a synthetic precursor of 3-dedbxgranno2-octusolonic

acid (KDO)'°, which are often present at a non-reducing terminal of
endotoxic oligosaccharide. The aminocarbonylatiod efith L-amino 3
acid oxidase provided artketo acid which beargshydroxyl group with
R-configuration and is composed of eight carbons. This keto acid bears

all of the structural features of KDO. 4

5.
6.

Further study and application are now in progress.
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10 mM substrate in 1 mL of Tris. buffer (10 mM, pH 8.5), 5 units
of amino acid oxidase, 30 °C, 60 hours.

Compound§a): *H-NMR (CDCly) & 1.47 (9H, st-Bu), 2.56 (1H,

m, CHH), 2.95 (1H, m, €H), 4.72 (1H, m, HN-E&), 5.10 (1H,
brs, NH), 5.60 (1H, dJ = 8.9 Hz, O-®), 6.36 (1H, ddJ=3.4, 1.8
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Hz, O-CH=QH), 6.42 (1H, d,J= 3.4 Hz, O-C=El), 7.42 (1H, dd,
J= 1.8, 0.9 Hz, O-6=). 13C-NMR (CDC) & 28.3, 34.1, 49.8,
71.9, 80.8, 109.5, 110.6, 143.6, 150.8, 155.4, 174.9.

8.  Compound@b): 'H-NMR (CDCl3) & 1.47 (9H, st-Bu), 2.48 (1H,
m, CHH), 3.02 (1H, m, €H), 4.57 (1H, m, HN-&), 5.13 (1H,
brs, NH), 5.40 (1H, dd) = 11.3, 5.5 Hz, O-B), 6.40 (1H, ddJ=

10.

SYNLETT 633

3.6, 1.8 Hz, O-CH=8), 6.51 (1H, dJ= 3.6 Hz, O-C=@®l), 7.47
(1H, dd,J= 1.8, 0.9 Hz, O-E=).
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