No. 6 753

61°,” (@)% —6.9°(c=2.06, C,H,OH). Anal. Calcd. for C;H,,O,N: C, 56.12; H, 7.65; N, 8.18,
Found : C, 56.11; H, 7.71; N, 8.22. IR »& cm™: 1769 (2-oxazolidinone »C=0), 1706
(amide >C=0).

On the other hand, S(+)-2-methylbutyl azidoformate (S(+)-I), a3 +4.59° (/ ldm.,
neat) was prepared from commercially available S(—)-2-methyl-1-butanol (S(—)-I) (a5—
4,18°(/ 1dm., neat), 87% optically pure)in 64% yield according to the method of Smolinsky,
et al.¥’ The thermal decomposition of S(+)-Il in diphenyl ether at 190~210°® followed
by the purification by chromatography on alumina, subsequent distillation under the
reduced pressure and column chromatography on silicic acid afforded (+)-II, (a]% +2.0°
(c=11.1, C,H,OH), infrared spectrum of which was superimposable with that of pL-Ill in
neat. This oxazolidinone ((+)-II) was submitted to N-acetylation under the similar pro-
cedure discribed above to yield (—)-VI, white crystals, m.p. 72.5~74°% (a)% —10.8°(c=
1.83, C,H,OH). Amnal. Caled, for C,H,,O,N: C, 56.12; H, 7.65; N, 8.18, Found : C, 56.18;
H, 7.61; N, 8.02. Infrared spectrum (in CHCl;) of this compound was identical with
that of R(—)-VI prepared from R(—)-isovaline.

In our reaction, that is, thermal decomposition of azidoformate I in solution phase,
it is concluded clearly that the nitrene insertion reaction proceeded with retention of
configuration, and the extent of retention percent of this reaction resulted in nearly
100% retention based on the calculation of optical purity of the starting
materials, I and V. It is also shown that the reaction in vapour phase /\l/\
decomposition reported by Smolinsky, ef al.” also took place with reten- (\) 5%
tion of configuration. These facts suggest that the intermediate of 0=C ”»
nitrene insertion reaction of this type may be shown as VI, although H
other reaction mechanism cannot be definitely ruled out. Since our VI
finding showed that this reaction proceeds with full retention of con-
figuration, this type of reactions would have a high potentiality to utilize for the synthesis
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*
from optically active >E—H bond to =>C-N bond. The scope and detailed mechanism
of this reaction are under investigation.
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7) p.-VI has m.p. 49.5~51.5°. The IR spectrum of pr-VI in solid state is essentially superimposable
with that of (—)-VI.

8) G. Smolinsky : J. Am. Chem. Soc., 83, 2489 (1961).
9) The mixed melting point of this sample with R(—)-VI obtained from R(—)-V was shown to be 61~69°,
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Synthesis of Tricholomic Acid, a Flycidal Amino Acid. 1.

In 1964 Takemoto, ef al.V isolated a flycidal constituent *‘tricholomic acid’’ from
Tricholoma muscarium Kawamura, an edible mushroom in the northern part of Japan.

1) T. Takemoto, T. Nakajima : J. Pharm. Soc. Japan, 84, 1183 (1964).
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They found that it is a new amino acid with very good taste and assumed its structure
as erythro-a-amino-3-oxo-5-isoxazolidineacetic acid (I).» Further studies attracted our
attention with an interesting result that its delicious taste is much stronger than »-
monosodium glutamate and synergistic with the flavor of inosinic acid and guanylic
acid.”

This communication is concerned with the synthesis of tricholomic acid (I) and its
threo isomer (II), of which the former has a good taste and flycidal property, while the
latter almost none of them.

As the starting materials, erythro-diethyl(or dimethyl)pL-3-hydroxyglutamate(Va, b)*
and threo--diethyl pL-3-hydroxyglutamate (M)? were synthesized by the procedures of
Izumi, et al.” and Akabori, e¢f a/.® Na, b were also obtained by alcoholysis of erythro-
methyl 3-hydroxy-5-oxo-2-pyrrolidinecarboxylate (V)** which was newly isolated from
the reduction product of diethyl 2-(phenylazo)-3-oxopentanedioate (XX). Chlorination
of NVa, b and VI with phosphorus pentachloride in chloroform gave threo-diethyl (dimethyl)
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? ’ & NH,-HCl
threo  VIla: R=CH,

VIIb:R=CH;

erythro VIII:R=C,H,

Chart 1.

*1 Tzumi and Konishi described the reduction product as ethyl ester without isolation, but the ethoxyl
group is actually ester-interchanged with methoxyl group of methanol, the solvent in the reduction
reaction.

2) T.Takemoto, T.Nakajima: J.Pharm. Soc. Japan, 84, 1230 (1964).

3) T. Takemoto, T. Nakajima, T. Yokobe, E. Fujita, S. Wada, M. Terasaki: personal communication
and patent application.

4) T. Kaneko, Y. Yoshida, H. Katsura: J. Chem. Soc. Japan, 80, 316 (1959).

5) Y. Izumi, S. Konishi: Ibid., 74, 960 (1953).

6) S. Akabori, T. Kaneko, S. Sakurai, Y. Izumi: J. Chem. Soc. Japan, 75, 942 (1954).
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Vib: R=CH;
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XVI: R'=CH;
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{HOHNOC-—CHQ——(IDH*(‘)H-COOCgHs} —— CH,~-CH-~-CH-COOH
¢l NHOCCF; 0-¢ & NHE
Et;N N2
H I, I
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XVI: R'=CF; NaOH
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NH,OH-HCI l NaOH

{HOHNOC~CH;-CH= (!3 ~COOC,H; —— CH2~CH~?H~COOCZH5\
NHOCR’ oo (13 c}) NHOCR
N7
L Chart 3. H )

pL-3-chloroglutamate (Vla, b) and erythro-diethyl pL-3-chloroglutamate (M), respectively
with steric inversion as in case of 3-chloro-derivatives from threonine analogues.”

Any attempt to substitute the chlorine of N-benzoyl-3-chloroglutamate (X) wit
RNO-residue by the reaction of ethyl hydroxycarbamate (X ), N-benzoylhydroxamic ac
(X[) or ethyl hydroximinoacetate (XI) in alkaline media failed and a yellow oil was obtain
in all cases., This compound was proved to be diethyl 2-benzamido-2-pentenedios
(XI) from nuclear magnetic resonance and infrared spectra, and also obtained by t
treatment of X with sodium alcoholate.

7) Pl. A. Plattner, A. Boller, H. Frick, A. Fuerst, B. Hegedues, [H. Kirchensteiner, St. Maj:
R. Schlaepfer, H. Spiegelberg : Helv. Chim. Acta, 40, 1531 (1957).
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Tasre I. Ratios of Racemic Tricholomic Acid and its Threo Isomer
in the Reaction Products by Various Methods

Ratios (%)

—

i ) Paper electro- A. A. Analyzer a;lalysis

Synthetic method Starting material phoresis method of derived HO-Glu

o s e s
rac trichlo- threo

mic acid isomer erythro  threo
One step method threo (Vo) 72.3 27.7 85 15
threo (VIb) 76.7 23.3 83 17
threo (VIa)® 50.0 50.0 54 46
erythro (V) 31.7 63.3 23 77
Through N-trifluoroacetyl derivatives threo (VIb) 23.3 76.7 16 84
erythro (V) 17.3 82.7 12 88
Through 2-amino-2-pentenedicate XVI 23.3 76.7 16 84
XVIL 58.7 41.3 65 35

@) 5moles alkali in total was used, while other experiment by one step method were carried out with 6 moles.

Ratios were calculated from (1) optical densities at 575 mu of the eluate of purple bands on the paper

developed by ninhydrin reagent after paper electrophoresis in 1095 acetic acid and (2) quantitative analysis

of erythro- and threo-hydroxyglutamic acids obtained from the mixture of I and U by reduction and
hydrolysis.? .

Tasie . Physico-chemical Properties of New Compound

Analysis (%)

No. Compounds Izéé; Formula Caled. Found

Erythro-oi-e-amino-3-oxo~ 195~198 -
1 5-isoxazolidineacetic acid (decomp.) CsHsO.N, 37.50 5.04 17.50 37.21 5.20 17.34

Threo-pL~a-amino-3-oxo-  213~214 o
I 5-isoxazolidineacetic acid (decomp.) " 87.50 5.04 17.50 37.43 5.26 17.27
Erythro-dimethyl pL-3-hy- (C1) (C1)
Va  droxyglutamate hydroch- %ggc’;ispl) CHuO,NCl  36.93 6.20 15.58 36.75 6.06 15.64
loride )
pi~-Erytho-methyl 3-hydro-
v xy-5-ox0-2-pyrrolidinecar- 1% 0~ 0N 45.28 5.70 8.80 45.29 5.69 885
boxylate :

Threo-dimethyl pL-3-chloro- 142~144 :
Via glutamate hydrochloride  (decomp.) C/Hy;O4NCl, 34.16 5.32 5.69 34.36 5.46 5.63

Threo-diethyl pr-3-chloro-
Vib ‘slutamate hydrochloride 112~113 C¢H;;ONCl, 39.43 6.25 5.11 39.40 6.16 5.10

Erythro-diethyl pL-3-chloro- oily crys.
Vil elutamate hydrochloride  —80 " 39.43 6.25 5.11 38.40 6.16 5.10

K . ng’_ec‘ﬁgire(f:ﬁlt;;ﬁtbenz"yl“ 50~60  CiHuO:NCl 56.22 5.90 4.10 56.38 5.76 4.02

Diethyl 2-benzamido-2-
X pentenedioate b.po.1 200 CigHy30OsN 62.94 6.27 4.59 62.84 6.00 4,72

Threo-diethyl pr~N-trifluor- b.po.os
XIv acetyl-3-chloroglutamate 123124 C11H1;0;NCIF; 39.59 4.53  4.20 39.62 4.71 4.07

Erythro-diethyl pL~N-trifluo- b.pe,er
XV foacetyl-3-chloroglutmate 134~137 " 39.59 4.53 4.20 39.78 4.83 4.13

Threo-diethyl pL-N-acetyl-
XVI 3-chloroglutamate b.po.os 157 CuHisOsNCl  47.23 6.49 5.01 47.07 6.46 5.18

KVII Dig;g{’én?ég‘;gjggmid"‘2“ 75~76  CyH,O.N  54.31 7.04 . 5.76 54.53 7.07 5.74
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As shown in Chart 3, procedures from Via, b or VIl through ¢-hydroxamic acids as
intermediates succeeded to synthesize I and its stereoisomer (II). Table I shows the
ratios of I and I obtained by these methods.

a) One step method : 3-Chloroglutamate (Mla, b) and VI, in aqueous alcohol were
treated with one equivalent of hydroxylamine hydrochloride and 3 moles of alkali at
—5~0° for two hours, then added with more 3 moles of alkali and stirred at room
temperature for 4 hours for cyclization and hydrolysis. Reaction mixture was purified
by ion-exchanger chromatography. From threo-3-chloroglutamate (Vla, b), I and smalil
amount of I were obtained, while erythro 3-chloro derivative (M) gave threo isomer (II)
as major product. However, when 5 moles of alkali in total were used, the ratio of I
to I was unexpectedly 1:1.

b) From N-trifluoroacetyl derivatives: In order to avoid some complicated side
reactions, and because isoxazolidinone nucleus is more stable to alkali than acid, amino
groups of Vb and Vll were protected with trifluoroacetyl residue which is easily removed
with alkali, Treatment of XIV and XV with one equivalent of hydroxylamine hydro-
chloride and two moles of alkali at —5~0° for 2 hours, followed by standing with more
3 moles of alkali at room temperature overnight, gave fhreo isomer I as major product.
These facts suggest that both XIV and XV cyclized through the same intermediate XVII.

¢) From 2-amino-2-pentenedioate : Threo-N-acyl-3-chloro compounds XIV and XVI
were easily converted to dehydro derivatives (XVI) and (XVII) by treating with triethyl-
amine at room temperature. XVI was not isolated, but XVII was isolated and its struc-
ture was confirmed from nuclear magnetic resonance spectrum. The dehydro derivative
(XVI) was treated with hydroxylamine and sodium hydroxide under the conditions
described in (b) to yield the mixture of I and I in the same ratio as (b). N-Acetyl
dehydro compound (XVII) was treated with hydroxylamine and alkali, then followed by
cyclization and hydrolysis under the same condition as in cycloserine.® Ratio of I:I
was 59:41.

To isolate (I) or (II) from the mixture of them, the following methods were used
independently or in combination : (1) recrystallization from water, (2) Dowex 1x 8 (CH;-
COO~ form) column chromatography with 0.5N acetic acid, (3) Dowex 50 W X 8 (pyridine
form) column chromatography with 0.1M formic acid-pyridine buffer (pH 3.1) containing
methanol, (4) precipitation method of I as copper salt. Racemic tricholomic acid (I):
colorless plate, m.p. 195~198°(decomp.), its threo isomer : colorless plate, m.p. 213~214°
(decomp.).

Paper electrophoresis with 109 acetic acid, paper chromatography (solvent system :
butanol-acetic acid-water=120:30:50, methanol-pyridine-water=160:8:40) and amino acid
analysis by an autoanalyzer (buffer pH 5.28) of synthesized pL-I agreed with those of
natural tricholomic acid, while ¢&reo isomer (II) was distinguished from the latter, except
by paper chromatography. Infrared spectrum of pL-I was essentially identical with that
of tricholomic acid, but I differed remarkably from the latter.

Structures of I and I was confirmed as follows : catalytic reduction® of pi-1 or I
gave erythro—- or threo-3-hydroxyglutamine, which was converted to erythro or threo-3-
hydroxyglutamic acid by hydrolysis. These derivatives were identical with the authentic
samples.

The authors are greatly indebted to Professor T. Takemoto and Dr. T. Nakajima, Tohoku University,
for supplying natural tricholomic acid and their kind interest. They also express their sincere thanks
to Dr. S. Tatsuoka, Dr. Y. Abe and Dr. K. Tanaka for their kind advice and permission to publish this
paper. Thanks are also due to Messrs. T. Hongo, H. Tawada and K. Iwagami for their excellent
technical assistance.

8) W.F. Runge, T. Haute: U.S. Pat., 2,815,348 (Dec. 3, 1957), 2,794,022 (May 28, 1957).
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