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An Improved Method for Synthesis of L-Homoglutamic Acid via
Epsilon-N-deamination of L-Lysine Derivative
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A convenient procedure to prepare L-homoglutamic acid (L-2-aminoadipic acid; r-Aad) is described.
Chlorination of ¢-amino group in acetyl-L-lysine ethyl ester with ¢-butyl hypochlorite (¢-BuOCI) followed by
dehydrochlorination with pyridine gave ethyl 5-cyanovalerate which on acid hydrolysis afforded L-Aad in good

yield.

2-Aminoadipic acid (Aad) is an intermediate in ly-
sine metabolism and has been found in peptide anti-
biotics precursor of penicillin and cephalosporin bio-
synthesis. The absolute configuration of Aad from
penicillium chrysogenum was determined to be the L-
configuration by Chan et al.? Chemical synthesis of
t-Aad has proceeded under optical resolution of br-
hydantoin derivative? or 2-(hydroxyimino)adipic
ester.? In recent years Scott and Wilkinson? reported
an alternative procedure based on the conversion of ¢-
amino group of N*benzyloxycarbonyl-L-lysine to the
corresponding acid using NaOCI and a strong base,
such as 1,8-diazabicyclo[5.4.0Jundec-7-ene. L-Aad was
obtained in 35% overall yield from the lysine deriv-
ative.

In a previous paper,® we reported a new method for
the detection of intramolecularly hydrogen-bonded
peptide NH by chlorine replacement reaction, which
was initiated by adding a peptide to a solution con-
taining Clz or by adding ¢-BuOCI to a solution of pep-
tide. The rate of chlorination measured by 1H NMR
showed that intramolecularly hydrogen-bonded pep-
tide NH’s were much more susceptible to the chlorina-
tion than solvent-exposed NH’s in the peptide antibi-
otics, gramicidin S and tuberactinamin N. To make sure
these new findings, substituent effects of alkyl (R-) or
aryl (Ar-) group of CHsCONHR (or -Ar) on H-CI re-
placement reaction were also examined by 'H NMR.
The results well explained the differences in the re-
activity of the amide NH protons: the more easily
the amide nitrogen releases the proton (viz., the more
downfield NH proton signal appears), the more suscep-
tible the NH proton is to chlorination. We postulated
a mechanism to account for the H-Cl replacement
reaction.®

We report here an improved method for the synthesis
of L-Aad in optical form from N*-acetyl-L-lysine ethyl
ester by a deamination procedure. The procedure con-
sists of chlorination of e&-amino group in the lysine
derivative with t-BuOCI, dehydrochlorination of the
N,N-dichloro amine derivative with pyridine, and hy-
drolysis of the nitrile. The overall yield was 60%
from the lysine derivative. The present method pro-
vides a superior procedure for the synthesis of L-Aad
to previously reported procedures?~® in high yield
and in ease of operation.

Results and Discussion

Synthesis of L-Glutamic Acid from L-Ornithine. In
the course of study on structure-activity relationship
of gramicidin S, we found that amino acid analysis
of the hydrolysis products of chlorinated gramicidin
S gave three unknown peaks except ones of constitu-
ent amino acids in gramicidin S. Among the three
peaks, one which appeared in the acidic region seem-
ed to be glutamic acid derived from ornithine dur-
ing chlorination of gramicidin S followed by acid
hydrolysis. To confirm the results, we carried out
chlorination of Ac-1-Orn-OEt and acid hydrolysis of
the dichloro amine derivative. The preliminary experi-
ments using the model compound, Ac-L-Orn-OEt,
showed that the §-NHz group was not susceptible to
chlorination with Clg, but that in the case of t-BuOCI
a chlorinated product having 6-NHCI or 8-NCl;
group was detected by 'H NMR and mass spectrom-
eters. After a methanol solution of the dichloro
amine derivative was tightly stoppered and stored in
the dark for a month, the 8-NClz group remained with-
out decomposition, which was ascertained by appear-
ance of its absorption band (310 nm, Ams) in UV spec-
trum and by thin-layer chromatography. Thedichloro
amine derivative chlorinated with ¢-BuOCI was hydro-
lyzed with 6 moldm= hydrochloric acid. Amino acid
analysis of the products gave two peaks. One was ascer-
tained to be ornithine and the other to be glutamic
acid from the data of paper chromatography (PPC)
and paper electrophoresis. In the above procedure,
glutamic acid was obtained only in a small amount.

Nitrile synthesis from amine via N,N-dihalo amine
followed by dehydrohalogenation was carried out by
several procedures.”® For example, the dehydro-
halogenation was carried out by heating dihalo amine
with cesium fluoride. In the conversion of 1,6-hexane-
diamine into adiponitrile the fluorinated derivative
was successfully isolated.® Therefore, to obtain a high
yield of glutamic acid, formation of nitrile by dehydro-
chlorination was carried out with triethylamine and pyr-
idine. However, use of triethylamine as a base was no
advantage to the yield of glutamic acid. On the other
hand, application of excess pyridine gave a good yield
of glutamic acid as a main product. Amino acid anal-
ysis and the value of [a]p of the glutamic acid thus
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TABLE 1.
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REACTION PRODUCTS OF Ac-L-Lys—-OEt wHTH {-BuOCI] UNDER VARIOUS CONDITIONS

AND ACID HYDROLYSIS OF NITRILE

Chlorination conditions

Chlorinated® NH/%

Acid hydrolysis of nitrile

t-BuOCI” time a-NH &-NH; Aad®:Lys:insoluble
10eq 3.5h 60 100 15 20 65
10eq 5min 5 100 52 18 30
5eq 5min 0 100 75 7 18

a) Data from 'H NMR. b) In MeOH at 0°C and then room temperature.

obtained were in fair agreement with those of an authen-
tic sample. These results suggest that L-ornithine is con-
verted into L-glutamic acid without racemization via the
dichloro amine derivative in good yield.

Synthesis of 1-Aad from v-Lysine. We are very
interested in the preparation of L-homoglutamic acid
(-Aad) which is not easily available in large quan-
tities. The above results prompted us to study for a con-
venient and practical synthesis of L-Aad from vr-lysine
derivative.

In order to find out suitable reaction conditions,
chlorination of Ac-1-Lys-OEt (2) with ¢-BuOCI was
carried out under various conditions shown in Table
1. The most satisfactory result was obtained by using
5 equivalents t-BuOCI for 5 min, and also acid hydrol-
ysis of the nitrile derived from the dichloro amine un-
der these conditions showed the best yield of L-Aad.
After chlorination with ¢-BuOCI (5-equiv) in meth-
anol for 5min, the reaction mixture was concentrated
in vacuo to give an oil (3). This oil was used in the next
reaction without further purification because of its
unstableness. The formation of the dichloro amine
derivative was detected by 1TH NMR and UV spectra. As
shown in Fig. 1, compound 3 was dehydrochlorinated
by excess pyridine for 20h at room temperature, the
reaction mixture was concentrated in vacuo, and the
oily residue was dissolved in chloroform. The solution
was washed successively with 0.5 moldm™=3 sodium
hydrogencarbonate, 0.5 mol dm~3 citric acid, and water
to give the nitrile (4). The formation of 4 was detected
by the 2260cm~! v C=N band of the product in the IR
spectrum and further confirmed by 1H NMR and mass
spectra. The nitrile was refluxed with 6 moldm=3 hy-
drochloric acid to yield 1-Aad, lysine, and insoluble
material. After filtering off the insoluble material,
these products were subjected to ion-exchange col-
umn chromatography to afford r-Aad in 60% vyield
from Ac-L-Lys-OEt (2) which was easily obtained
by catalytic hydrogenolysis of Ac-L-Lys(¢e-Z)-OEt (1).
Amino acid analysis, CD, and [a]p data of the synthet-
ic t-Aad (5) thus obtained were identical with those
of an authentic sample.

By the above results, the deamination procedure
proved to be a facile and convenient method for the
synthesis of r-homoglutamic acid in optical form
from r-lysine derivative.

Experimental

The melting point is uncorrected. All chemicals used for

c) Weight ratio.
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Fig. 1. Synthetic Procedure of L-2-Aminoadipic Acid.
preparative experiments were of reagent grade and solvents
were distilled before use. An authentic sample of L-Aad was
obtained from Calbiochem-Behring Corp., La Jolla., Calf.,
U.S.A. Thin-layer chromatography was carried out on silica
gel GFass (Merck) with the following solvent system: R},
CHCIl3-MeOH-ACcOH (8:1:1, v/v). Compounds with protect-
ed amino groups were detected by spraying with 50% hydro-
chloric acid followed by ninhydrin. Chlorinated compounds
were detected by spraying with the mixed solution (1:1, v/v)
of 0.1 mol dm—3 potassium iodide in water and 2.1 mmol dm=3
o-tolidine in 2% AcOH. Paper chromatography was per-
formed on Toyo Roshi No. 50 paper with the following
solvent systems: R? n-BuOH-AcOH-H:O (4:1:2, v/v)
and R}, n-BuOH-AcOH-pyridine-H:O (4:1:1:2, v/v).
Optical rotations were measured on a Yanagimoto polar-
imeter OR-50 and CD spectra with a Jasco J-20 spectro-
polarimeter. Mass spectra were taken on an ESCO EMD-05A
and NMR spectra on a JEOL JNM-MH-100. Infrared spec-
tra were recorded on a Hitachi 260-10 instrument using KCI
plate. Amino acid analysis was carried out by amino acid
analyzer model, JLC-6AH.

Ac-1-Lys(e-Z)-OEt (1). To a solution of r-Lys(e-Z)-
OEt-p-TosOH!? (7.21 g, 15mmol) in pyridine (35 mL) was
added acetic anhydride (7.1 mL, 75 mmol) at 0°C. The mix-
ture was stirred for 18 h at room temperature and then evap-
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orated in vacuo. The residue was diluted with ethyl ace-
tate (400 mL). The ethyl acetate solution was washed succes-
sively with 0.5 moldm™3 citric acid, 0.5 mol dm—3 NaHCOj3,
and water. The solution was dried over anhydrous Na2SO,
and evaporated under reduced pressure. The product was
obtained as an oil; yield 4.73g (90%); R} 0.65; 'H NMR
(CDCls): 6 7.32 (s, 5H, aromatic), 6.33 (d, 1H, -NH-), 5.00 (m,
1H, -NH-), 4.52 (q, 1H, -CH), 4.16 (q, 2H, -CH2-), 3.16 (q,
2H, -CH>-), 1.98 (s, 3H, -CHas), 1.26 (t, 3H, -CH3s); Found:
m/z 350. Calcd for C1sH26N20s: M, 350.

Ac-1-Lys-OEt (2). Compound 1(3.8g, 10.8 mmol) was
hydrogenated in EtOH (35 mL) in the presence of palladi-
um black for 4.5 h. Thesolution filtered from the catalyst was
evaporated to dryness in vacuo. The oily product weighed
2.3g (98%); R? 0.57, R} 0.61; 'H NMR (DMSO-dg): & 8.38
(d, 1H, -NH-), 4.32 (m, 1H, -CH), 4.22 (q, 2H, -CH32-), 2.60 (m,
2H, -NHy), 1.91 (s, 3H, -CH3s), 1.23 ( t, 3H, -CHs); Found:
m/z 216. Calcd for C1oH20N203: M, 216.

&Dichloro-N *-acetyl-L-lysine Ethyl Ester (3). To a
solution of 2 (2.3 g, 10.6 mmol) in MeOH (30 mL) was added
t-butyl hypochlorite (5.96 mL, 53 mmol) at 0°C. After 5min
at room temperature, the solution was evaporated to dryness
in vacuo at 5°C. The compound was obtained as an oil. All
experimental procedures were carried out in the dark; yield
3.0g (99%); R} 0.64; 'H NMR (DMSO-ds): & 8.28 (d, 1H,
-NH-), 4.10 (q, 2H, -CH3-), 3.00 (¢, 2H, -CH3-), 1.88 (s, 3H,
-CHs), 1.20 (t, 3H, -CHa).

Ethyl 2-Acetamido-5-cyanovalerate (4). To a solution of
3 (1.51g, 5.3mmol) in MeOH (15 mL) was added excess pyr-
idine (93 mL) at 0°C in the dark. After 20 h at room temper-
ature, the reaction mixture was evaporated and dissolved
in CHClz (200 mL). The solution was washed with 0.5 mol
dm™3 citric acid and aq NaCl, dried over anhydrous Nag-
S04, and then concentrated under reduced pressure to an
oil. The formation of nitrile 4 by dehydrochlorination was
confirmed with the 2260 cm=! » C=N band of the product in
the IR spectrum. It weighed 1.04 g (93%); R} 0.67; 'H NMR
(CDCl3): 6 6.52 (d, 1H, -NH-), 4.60 (m, 1H, -CH), 4.22 (q, 2H,
-CHz-), 2.42 (t, 2H, -CH2~), 2.04 (s, 3H, -CH3), 1.31 (¢, 3H,
~CHs); Found: m/z 212. Calcd for Ci0H16N2O3: M,212.

L-2-Aminoadipic Acid (5). Compound 4 (1.04g, 4.9
mmol) was refluxed with 6 mol dm=3 HCl (150 mL) for 18 h.
The cooled solution was evaporated to give an oil, which
was dissolved in water (100mL). After filtering off a small
amount of insoluble material, the solution was applied on a
column (2.1X25 cm) of Dowex 50 W (H* form). The column
was washed with water (200 mL) and was eluted with 2mol
dm—3 aqueous ammonia (200mL). The collected effluents
were evaporated to leave an oily product, which was dis-
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solved in water (90 mL). Chromatography of this solution
with Dowex 50 W (NHj form) separated Aad by elution with
water (200 mL) and lysine was successively recovered with 2
moldm™ aqueous ammonia (200mL). The effluent con-
taining Aad from the column (NH{ form) was evaporated
to a small volume and precipitated by the addition of EtOH.
The crude product was dissolved in dil HCI and the solution
was adjusted to pH 3.5 with 1 mol dm—3 aqueous ammonia
and then crystallized by the addition of EtOH; yield 525
mg (60% from 2); Rf 0.27, R} 0.16; mp 199—200°C; [a]¥
+24.4° (¢ 2, 5 moldm~3 HCl). Authentic r-Aad: R? 0.27,
R%0.16; mp 200—201°C; [a]® +24.6° (¢ 2, 5 mol dm—3 HCI).
Amino acid analysis and CD spectrum of r-Aad were in
fair agreement with the authentic r-Aad.

Found: C, 44.54; H, 7.07; N, 8.65%. Calcd for CsH;;NOuy: C,
44.72; H, 6.88; N, 8.69%.

Electrophoresis. Electrophoresis of compound 5, us-
ing Toyo Roshi No. 51A paper, was carried out with the fol-
lowing solvent systems: Epl, pyridine~AcOH-H20 (1:10:89,
v/v, pH 3.6) and Ep?, pyridine~AcOH-H20 (25:1:225, v/v,
pH 6.5) at 500V/30cm for 2h. Compound 5 and r-homo-
glutamic acid (Aad) showed the equal mobilities, which
migrated towards the cathode, 0.4cm in Ep! and the anode,
2.8cm in Ep?, respectively.
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