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Abstract

In life science applications such as cosmetics, polymer particles derived from
petrochemical are often used, for example polyamidel2, acrylic resin, polyurethane,
polyethylene, etc. Currently, cosmetics and other products containing these
petrochemical-derived polymer particles are collected as sludge at sewage treatment
plants after use, and then incinerated, causing CO2 emissions. Also, with sunscreen
products, there is an unavoidable risk that the users will unintentionally release the
petrochemical-derived polymer particles they contain into the ocean, which could cause
the problem of marine microplastics. In addition, European Environment Commission
has implemented regulations on microplastics.

In light of these circumstances, the purpose of this project is to replace petrochemical-
derived polymers with new polymers made from bio-based materials, and to create new
polymer particles that can drastically reduce energy consumption in wastewater and

disposal treatment and biodegradation in the ocean.

(1) Technology development related to 2-pyrrolidone synthesis from bio-derived raw
materials
D Basic study of cyclization reaction from petrochemical-derived vy -aminobutyric acid

As a basic reaction study for v -aminobutyric acid cyclization, we investigated the 2-
pyrrolidone obtained by the cyclization reaction on a scale of 100 g, which is the
minimum amount in which polymerization and particle formation can be studied and
obtained a stable product with a yield of 75% or more. We have found the basic reaction
conditions that can be used.

To improve the yield, detailed analysis of the cyclization product was carried out to
investigate the reaction mechanism, and it was found that in addition to the main
product 2-pyrrolidone and residual vy -aminobutyric acid small components such as
cyclic and chain vy -aminobutyric acid oligomers were present.

@ Examination of cyclization reaction from bio-derived 7y -aminobutyric acid

Regarding bio- y -aminobutyric acid, we selected two companies based on survey results
on availability and cost, and succeeded in obtaining food-grade and feed-grade samples.

We investigated cyclization under basic reaction conditions using bio- y -aminobutyric
acid, and succeeded in obtaining bio-derived 2-pyrrolidone with a yield of 77%, which is
equivalent to that of petrochemical-derived v -aminobutyric acid Using.

@ Technical investigation on the synthesis of bio-2-pyrrolidone

It was found that there is a lot of literature on bio-2-pyrrolidone via glutamate and



pyroglutamate.

In addition, as a survey for social implementation, we visited the Company, which is a
candidate for outsourced prototypes, and confirmed that prototypes can be made under
the currently envisioned conditions.

@ Synthesis of bio-2-pyrrolidone from routes other than vy -aminobutyric acid is
examined from the literature.

As a search for a synthetic route that is better in social implementation than v -
aminobutyric acid, we found a route via glutamate.

(® Polymerization and particulate of polyamide4 from bio-derived 7y -aminobutyric acid
monomers

We succeeded in producing bio- polyamide4 particles on a low-volume scale using the
prototype bio-2-pyrrolidone.

(2) Demonstration of both marine biodegradability and easy biodegradability
@D Elucidation of the biodegradation mechanism of petrified polyamide (polyamide4)
particles

We started analyzing samples of OECD301F after decomposition to elucidate the
mechanism.

The marine biodegradability test ISO23977-1 at 15°C, which is close to the actual
seawater temperature, was conducted using petrochemical-derived polyamide4 particles,
and although the progress of biodegradation was slower than that of the ASTM D6691
test conducted in the past, biodegradation progressed at a rate of 54% in 75 days.

@ Biodegradability verification of bio polyamide4 particles
We started OECD301F testing of prototype bio- polyamide4 particles.
(3) Quality and cost verification for social implementation
(D Search and selection of a third-party verification and evaluation organization for LCA

In order to increase the accuracy of the calculated LCA data, we selected one company
out of three that had a track record of doing business with Toray Industries, Inc. As the
entire estimate is not currently available, verification will begin from FY2020.

@ LCA trial calculation and refinement of the current material polyamidel2 particles
to be compared

We performed a trial calculation of CO2 emissions during the production of polyamide
12 particles, which are used as a benchmark. The premise of the trial calculation was
that the production amount of polyamidel2 particles was 100 t/year. Non-energy sources
include laurolactam, the main raw material for polyamidel2, solvents and solvent waste
treatment, and the current estimate is 1357 t CO2/year, and energy sources include those

during raw material procurement and manufacturing, which is 131 t. CO2/year.



Although the products being evaluated are estimated for next year, we can expect

significant reductions due to energy and non-energy causes.
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DRI 2 FLH LT,

® NAFHKy-T IV HBE ) =0 DbDORY T I K4 EEG - KRGS

HIELTZ 4 2Py ZHWTAHREAR 7 —/UZ TN 4 PA4 Ri+DIERNZREZh L
7~
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(2) MRS RRIE & B A 53 FRVE D 3l D SRk
O AAbHRARY 72 R 4Rk 2 = X L iR i
A = X LRHD =8 D OECD301F D43 f#sk Y 7 IV OSHTHCETF L,
FEAGREEIZITVY 16 CTOMWREAS MR 1S023977-1 122\ T, fAfkHk
PA4 k7% FIVWC i L, @25 ASTM D6691 Bt T4/ R DL TIZIE W
HLDOD, 75 HT 54 %DAESIREECHENIRNPETT H 2 L #3E LT,

@ NAFRY T K 4 ki1 DESRIERGE
(1) ©THERLL 7231 4 PA4 ki1 12>\ T OECD301F BRI ETF LT~
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(3) tEREILITMT 72iE - 2 A MREGE
O LCA D% =F MGt - FHAMHEI DERR K OB E
RE L7z LCA 7 — 2 — O E 23 7= O B LIRS L B 0GR S 5 3 #1
5 1#EEE L, BURERRENSHETHZRNT LD, A 6 D ORGE
LD,

@ WO R LR DBATHMARY 7 2 F 12 ki1 LCA A& - Kb
Ry F~—7 L LTW5H PA12 i+ HUERF D CO2 PEHEDRE 21T o 7=, ]
213 PA12 KifDAEPESR 100 t/4F & Lz, FFmxF—E KL, PA12 ERETH D
FJURI 7 HNNIED LD, L OAEERERLEEIC L 5D TH YD | Bk
BTl 1357 t CO2/4F, = /L F— R [RITFUEHHE K CMERF O O TH Y 131 t
CO2/EToh o7z, FHlIXREIIIRFEERE TH DA, =3 /L¥ — K TOHIR,
T X —ELR TOKRIERHIRS R T 5,

ZNEDMRIZHONT, LUFICFEMZ LR T %,

16



(1) NAAHEFEENSO 2-v'r Y RoARKIZE 5 5B %
O FAbHR y -7 2 BEERD)N b DERAV SO BRI
A, BRACEARSEA T
N A GABA 725 0 2-Py /) ~—OARICHENT T, £ A1kE%K GABA %
AW TERAL O ERESRMRFHIE T LT,

50 mL 727 Z 2 22 A{kHk GABA (FoeHiE  Fobssk) 2 1.0323 g(0.0100
mol) ZFFEL, BT & biamx, EHICHmAE., 352 v 7 2l LI- g
BEakAT (Fig. 1-1), JJEL Ne@E#iz 3 [H15EH L7-% . GABA Ol 204 ‘CLL
LD 215 CITANRAREZRE L, B L7220 HINEE BRI LT,

INEERY 20 43 CT/NARIED 215 CHHTIZEIE L2 S B8N AE LIGD, £
DR & & HI1Z GABA O RITIER L TR A2 o7, EMERI 30 43
TAKOMED . MUSTET EHW L, RISk ONEWEREIT 0.9364 g THHo 7=,

Z DRISERIIIZHONT, BAZHIBRT 552 T LC JWEIZ LD 2Py OERZ F
i L7-A5 5, 3K GABA @ 2Py ~DiR bHRIL 725 % Th o7z, —FH T, RIGAERKY
DR EIT 10Wt% L ETHY | ZORISAERD ZFELE L TEA - bz iT-> T
WS DIZREETH D Z & BRI L,

Z 2 C BALBRRHC AR T 2K EZEFAIC L VRS 22254, UG ETHT7 T
A HAEE, WA, T X T E— EEEOHEMNO T 7 A a AT Fig. 1-1 ©
£ 9 RBMUBUS OMEE R % FIV T, BRI 2 520 L7z, #55. 33K GABA Off:
IAZAE 1.0355 g (2% L CL SR & LT 0.7695 g 7 fififE sy & LC0.2314
g MEML T E 72, FRIZ LC THfr Lok, ibRIX 77% TH Y, KFIZTHIEL
7oK E S 5154 ppm & GEEE RO & AR TES R b~HWD 2 &3 AREZR
KIEICSE LTz,
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Fig. 1-1 B{LOSHEESR (£ : O, A : Q)

B o 7ZR3E GABA i3k 2Py # AW CHEA - i HLORBEEET S &, KIEKE
& LT GABA T 100 g 27—V TRILKISZIT O WER DD, £ 2 THhiALEL
100g £ TR 7 — /L& B ClRkkO SRS EEE ROIC TRt 2 i L7,

FER. AR EOEINZ O KSR N EREE L, GioBEfLL b2 &b,
FOSIRE (NZIREE) & 215 CH 5 220 °C, 230 C. 240 Cl FiF THiat 2D
7=,

fi. BOGIREE 230 ‘CORME S SULRFR LS | DU 75 % LA ETLE L
TADLNDZ EDH LT, 240 CLLETHEAEEIMET LZH#H & LT, GABA
R 2Py OUpFIIE & 72072 2 & TREDHEASLT 2D . KM TOmKIZ LY
BISGMNEIT L2 LB 2 5,

Nk, FTAEHEK GABA 75 2Py ~DOBRLKISIZ OV T, 100 g A7 —/L
TLEE L TR 75 % ETH LN OGERMEE RS Z Liglizh Lz, UL,
RFEIZAT T2 A R A—=U0 D BIE & BOTZIEE 80 %I2xf L TIERRRETH
D R E EIZWT RS A T = AL ERRGET D T2 DI AR OFE T 2 D 72,
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B. RS DK
BALBOG DOYLER ) LD 7= A OFERl 34T A FEh L 72,

BACLRS DY v T E K bgs (A7 Z A a) NCRE—RIRRETH - 7272,
AR ) =)L LMK A RRET 9 1 1 OIRAIRIC U CHEME LI L 7=, [N ET% 0O B &
72X 0 AL 0.9364 g/10mL (A% / —/b : #@ffik=9:1) ODEETHY., Zhz
Yo T IARRERIR & Ul A AR 728 EATWASIE & S L7z,

BB ORI EERWTH D 2Py, 77 GABA OMIZER E 721 THLRD
GABA #V Jd~—x°, UM SNz, S 6RDFEMOITICONT, o &
I L7z, (Fn 6 4R ik 32 hi)

'H NMR {#lE
T TIREERE D D AR— /L By F T 05 mL BRI L, WA FRET H720ICE

R T TR Z1T > 72,

FEOBEMEDICEAZ ) —/ c EHA=9:1 (vol.) T L7-IESEELE 0.6 mL
EIZ TR ST, ZORERKERIEICHE LT,

HERER%E Fig. 1-2~5 12 Lz, 2D K0 AR O Tam1E 2Py THDH Z &M

sl S iz, £, %32 LC/MS fIEIC L v it S/ GABA AU d~—Hik
EHEE SN DM E =212 OV T HhHER S T,
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GC/MS Hl7E

o T ERERRIR 0.1 mL IZIRATAEE 0.9 mL 22 TR L 7 3URHATK 2 JIE 1S
it L7z,

P EFERIL Fig, 1-6, 12 L7z, GC/MS JliETH NMR & [FERIC £/ & LT 2Py
DHERENT-, —7F. NMR THEB S -/ e GABA AU IZ~— 3 S,
HO)—oODE—7 P2IZBAL TIEE LY GCIEAD TOMENZ K> TEKLTZLE
MThodEHER LT,
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Fig. 1-6 GC/MS il h—# A4 HLv v s~ hZ7F 25 (TICC)
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(A~ Jhv] o BB9 — 525 BP = 85[3477029] TIC = 11813467 R.T = 05:43 P1
T |
3. OE+06 - 89
] H
2. OE.+06—_ A1
1 2-Pyrrolidone
1. OE+06 MW 85
56
O.OE'FOO_"I"'““-|""-"""'"""|'--|--"'"'-|-""'"'|---"""|--"""'|----""'|'--"""|
m/z——> 50 100 150 200 250 300 350 400

Fig. 1-7 GC/MS flliE P1 D~ A A7 kL
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(A IRl 1084 — 1077 BP = 151[540308] TIC = 3514004 R.T = 09:13
| (T E—H])
151
/ \
4. OE+05 i \fN
97
N__o
11 —
7
2. 0E+05 69
| GABA KA )T v —QEK)D
| 55 109123 ﬂR?kﬁﬁ‘é‘fFéﬂé:#ﬁE
1 83 MW 152
i WY R
0. 0E+00 ""'Illl'l ||IuHII|IIIIIIII
m/z——> 50 100 150 200 250 300 350 400

Fig. 1-8 GC/MS I/ P2 D~ A AT L
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LC/MS JI5E
B T IOERERRIE 1 mL 2B — /L Ey R TERIL, 10 mLIZA AT v 7 LT 10
BRI E Lz, 20 10 5@ R 1 mL 2 A~ —/L e~y F THRE L., 10mL (2
ART w7 UCHEHEEIR D 100 SARERE L. Zhvad LC/MS MEICH L7z, 72
B, MBI TOLRMLTITo 72,

- HPLC > 25 A : LC30A [& 8]

- B EoHE : Q Exactive [Thermo Fisher Scientific]

A IV AN : Unison UK-Amino (2.0 mm X 150 mm X 3 m)

< T LIRSE 145 C

- BEIFH A : 50 mmol/L EEfET & =7 LKA

- BEIHH B T ER=RUV

A A LT YT 0min — 5 min B =90%
5 min — 20 min B=90% — 50%
20 min — 25 min B =50%

- iR : 0.4 mL/min

cTEAE :3.0L

- UV #it : 74 MEAA— K7 LA (PDA) fiti#s

- A A Ak L7 hr AT L—A A Ak (BSD i

- MS it : 7NV AF v v (mlz 50-750), 1EAA A Ui

IaB g M A AT

28



LC/MS HIEDfER% Fig.1-8~24 |ZR Lz, fERL 0., ED D 2Py Oz
Wi L HEE SN D E— 7 NMEERH SN, ZORSITEICTROEY TH D,

* GABA BfRA Y I~ — (#0 iR LI n=2~7)

0
|
uN CHZCHZCHzéH

* GABA S0IRAY < — (# ViR LE m=2~7)

0
HJFN—CHZCHQCHZ'C}OH
H m

- GABA CREUGDFATY) & HETE)

- ZOfhk4y (C11H19N3, C12H22N205)

B, AW OSHTITA 6 5 bk %,
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Relative Abundance
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1
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Time (min)

Fig. 1 -9 LC/MS #llZ£ TICC (Positive)
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Fig. 1-10 LC/MS #ll7E TICC 5K (Positive)
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Relative Abundance
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N s (2] @ o
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J\H S

T T 1 L — L N N B
10 12 14 16 18 20
Time (min)

[
22
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24

Relative Abundance

86.0598

CaHg ON [M+H]"

-2.7873 ppm

H

C/\;O

C4H7NO

Exact Mass: 85.0528

LA L L - 1 1 L 1 1 LI L
120 140 160 180 200 220 240 260
m/z

Fig. 1-11 LC/MS #liE P1 o~ A %2~ kL (ESIMS, Positive)
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Relative Abundance

100+

W 12.56
. J e
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T 1 T 1 T T T T ] T
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100
90—
80—
70—
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30—
20—
10+

86.0603
C4HsON
2.4511 ppm

Ll
T T

[M+H]™
194.1649
C11H20N3
-1.4525 ppm

C11H19N3

Exact Mass: 193.1579

80

I T
120 140 160 180 200 220 240 260 280

Fig. 1-12 LC/MS {lliE# P2 o~ % A~X7 k)L (ESIMS, Positive)
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404 [\

20 ‘
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L e
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70
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20
10+
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171.1126
CgH15 02 N2
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O

Il
N-CH,CH,CH,C
H 2

C8H14N202
Exact Mass: 170.1055

‘ T
200
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T
220

T
240

260

Fig. 1-13 LC/MS I/ P3 O~ A A7 /L (ESIMS, Positive)
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Relative Abundance
|

P4

T [ T T T ] T T T [ T T T [ T T T ]
2 4 6 8 10 12 14 16 18 20
Time (min)

100

Relative Abundance
[&)]
7

[M+H]*
256.1649
C12H2203N3
-2.4273 ppm

N-CH,CH,CH,C
H 3

C12H21N303
Exact Mass: 255.1583

T
300
m/z

Fig. 1-14 LC/MS il P4 »~ % 22 kL (ESIMS, Positive)

35



Relative Abundance
L1
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1
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/ I\ 4093 1256
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RN VA
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8 1

22 24
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20—
104
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C1eH29 04Ny
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Ol Gi6H28N404

I
N-CH,CH,CH,C . Exact Mass: 340.2111
H

50

m/z

Fig. 1-15 LC/MS I/ P5 O~ A A7 /L (ESIMS, Positive)

36

T
450 500



100 1.13

)
o
il
—

o
o
11

Relative Abundance
L1

\

P6

1011
10.58

1093 1256
/\&\ _/L -

I
12 14
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100
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T

)

I
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Fig. 1-16 LC/MS I/ P6 O~ A A7 /L (ESIMS, Positive)
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M N

o
o
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Time
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100

Relative Abundance
[$2]
T

(2) [M+H]"

104.0705
Cs4H10O2N
-0.9389 ppm

(1) [M+H]*
511.3235
C24Ha3 06 Ng
-0.7246 ppm

o

(1) N-CH,CH,CH,C
H 6

@)

190.1072 (2)
CgH1s 04N
-1.0019 ppm
256.1651
C12H2203N3
-1.8299 ppm

H,NCH,CH,CH,COH

C24H42N606
Exact Mass: 510.3166

C4HI9NO2
Exact Mass: 103.0633

T T T T T
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T T T T
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Fig. 1-17 LC/MS 7 P7 O~ A A7 )L (ESIMS, Positive)
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Relative Abundance

100

A OO o©
o o o

[\S]
o
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o
o

Tlme (min)

Relative Abundance

100

118.0864
CsH1202N
1.4080 ppm

[M+2H] 2"
298.6920

O

n C28H49N707
N-CH,CH,CH,C
H

Exact Mass: 595.3693

224 1284
Ci2H43O3N

1.4473 ppm 309.6829

[M+H]*
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C2sHs007 N7
0.2311 ppm

200 250 300 350

Fig. 1-18 LC/MS Iz P8 ®~ % 27 1L (ESIMS, Positive)
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1007 113 P9
g g0 \
g 3 ‘\‘\
c - |
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o I
2 4 [ 813 1011
o 404 Ro , \ 10.58
= . . ‘ |
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x 1 \‘ — 7\A/ — ,4/ e
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C12H23 05 N2
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el —|
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Fig. 1-19 LC/MS I/ P9 O~ A A7 /L (ESIMS, Positive)
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Relative Abundance
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Fig. 1-20 LC/MS #l'E P10 ®~ A A7 kL (ESIMS, Positive)
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80 +
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Fig. 1-21 LC/MS #liE P11 ®~ & 2~ kL (ESIMS, Positive)
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Fig. 1-22 LC/MS #il'E P12 >~ A A7 kv (ESIMS, Positive)
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pealena by

Relative Abundance

o
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o
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RS
o
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[M+H]"
4442815
C20H3gO6Ns
-0.3043 ppm

100+
90
80
70
60—
50
40

30 88.0758
C4H1©ON
1.0605 ppm

0
I C20H37N506
H{’ﬁ*CHzCHzCHzC]@OH Exact Mass: 443.2744

Relative Abundance
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Fig. 1-23 LC/MS #l'E P13 ®~ A A7 kv (ESIMS, Positive)
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Relative Abundance
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P14

OOIII?III?HI$III?III?

T
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Time (min)

Relative Abundance

100+
90—
80—
70
60—
50
40—
30+
20+
10+
0

118.0860
CsH1202N
-1.9162 ppm
199.1689
C12H23 02
-1.6209 ppm

o
HJFN-CHZCHZCHzé}GOH
H

276.1615
C4H2010N3
1.0069 ppm

[M+H]™
529.3341
C24H45 07 Ng
-0.6612 ppm

C24H44N607
Exact Mass: 528.3271

391.2835
CgHagOgNg
0.1952 ppm

50

.|| ||| Ii, ‘ll,.H.“an....l hnal 1 |
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Fig.1-24 LC/MS #lliE P14 O~ A A7 k)L (ESIMS, Positive)
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RT:1.13

MA: 14455453969 H
100 A N
. A
3 -0 C4HTNO
PL 502 A m/z 86.0598 / \7 Exact Mass: 85.0528
i { I.|\""‘|_| [ R L L e IR B e A R A A
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-25 LC/MS JIiE P1 fHipk sy oA 47 v~ k27 Z 2 (ESIMS, Positive)
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RT:1.60
100— MA: 362?2401 39

3 1.13 I\ C11H19N3
P2 50= e m/z 194.1649 Exact Mass: 193.1579
= II. I'-\I | "\_h
1L B R R B Ry e | — T T I N [ — L — T T (I —
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (min)

Fig. 1-26 LC/MS #IiE P2 itk ofhithiA 4> 27 v~ 77 & (ESIMS, Positive)
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\

100 .
3 WA 12657309365 ‘ Ol | caHian202
P3  50= m/z 171.1126 BN H CH,CH,CH,C . Exact Mass: 170.1055

- | T T T | T | T T | T T | T T T T T |
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-27 LC/MS & P3 fettipk s ot A 4> 27 v~ ~7F & (ESIMS, Positive)
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100 RT:10.11 (@)
MA: 5643556831 Il C12H21N303
P4 50 m/z 256.1649 A H-CHzCHzCHzC , Exact Mass: 255.1583

T 1 T T T 1 T T T T T T T T 1 T T T T T 1
2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-28 LC/MS #IE P4 faHipk sy Ot A 4> 7 a~ s 7 F A (ESIMS, Positive)
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100—
P5 50: m/z 341.2176
P10 = m/z 341.2183
0— [ T I I
0 2 4 6

RT: 10.58 o
MA: 283;366367? X C16H28N404 !
' EfCH2CHZCH2C 4 Exact Mass: 340.2111

(8
N —

T 5 s e S B e B B B S i B B B B B B .
8 10 12 14 16 18 20 22 24

Time (min)

Fig. 1-29 LC/MS #ll7E P5, P10 fthpky oA 4> 27 v~ K7 Z 2 (ESIMS, Positive)
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m/z 426.2703

RT:10.93

MA: 919857626 0
i C20H35N505
H_CHZCHZCHZC s Exact Mass: 425.2638
g 2 |I - LI T “| T LI T L LI
10 12 14 16 18 20 22 24
Time (min)

Fig. 1-30 LC/MS HIiE P6 wHipk s ofhitiA 4> 7 v~ ~ 77 & (ESIMS, Positive)
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100

80 !
Il
60
P7(1) . m/z 511.3235 | Rmiie o
: I C24H42N606
20 .l II.I H_CHchZCHzc ¢ [Exact Mass: 510.3166
0 T 1 T T T 1 T T — | —— T T T T T T T T T T T
0 2 4 B8 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-31 LC/MS #lE P7 (1) faHpksmy ofitA 4> 7 v~ 77 A (ESIMS, Positive)
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P7(2)

1004

B0+

60
— m/z 104.0705

40 (@]
] RT:11.28 N C4HI9NO2

204 MA: 119620226 H,NCH,CH,CH,COH  Exact Mass: 103.0633

0 T T T T T T I .\'u T =1 I T T T T I L — T T
0 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-32 LC/MS #IE P7 (2) faHpksmy OfitA 4> 7 v~ 77 A (ESIMS, Positive)
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100

80 i
60 , [ RT-1163 ] o
| .
P8 m/z 596.3768 ) MA: 38500920 | C28H49N707
2 | H'CHQCHQCHQC . Exact Mass: 595.3693
T
0 T I T I T L T T '_lJI ‘| N — r—r T T [ Tt T T [ T T T [ T T T [ T T T T 1
2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-33 LC/MS #liE P8 ftHak ot A 4> 7 v~ K7 Z 2 (ESIMS, Positive)
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P9

RT: 11.86
m/z 275.1601+297.1420 MA: 89279839
(H &Na A F+ 2D &5 C12H22N205

Exact Mass: 274.1529

I T I )
2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-34 LC/MS Jl'E P9 #ttipksy oftitiA 427 m~ ~7F 4 (ESIMS, Positive)
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o]
100 -
H

P11(1) 50 m/z 189.1232 MA: 803866281 2 Exact Mass: 188.1161
A
\
0\\\\\\\\\\\\\\\\\\T‘\\\\\m\\|\\|\|\|\\|\\|||\
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-35 LC/MS #illi£ P11 (1) #Hipsy offitiA A7 n~ 277 4 (ESIMS, Positive)
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100

RT- 12.45 ! C12H23N304
P11(2) 50 m/z 2741759 MA: 581895170 H H CHQCHchQCj 9H Exact Mass: 273.1689
O [ — T 1 [ — [ — [ — I L A L B e [ N B B B R
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-36 LC/MS #Il’'E P11 (2) #tipkmy ofitiA 4> 27 n~< 77 4 (ESIMS, Positive)
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RT: 12.56

100 MA: 253561816 I
C16H30N405
P12 50 m/z 359.2287 \\ TN CH2CHCHCTOR - Eract Mass: 358 2216
G l_.,\l —
\ L B B T T T T T 1 S e e e T T T T T 1 T T T T T T 1
2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-37 LC/MS #IE P12 fripsr oA 4> 27 v~ ~ 27 Z & (ESIMS, Positive)
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100 RT: 12.80 O’

MA: 89697126 ! C20H37N5S06
P13 50 m/z 444.2815 i HJ[H'CH2CH2CH2C__§H Exact Mass: 443.2744
0 e R A B B e B e e e - T T e L B B B B Sy B B oo
0 2 4 5] 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-38 LC/MS #IE P13 sy Ot A A 27 v~ k27 Z & (ESIMS, Positive)
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RT:13.03

100 MA: 22650406 0
| I C24H44NGO7 |
P14 50 m/z 529.3341 | Hm CH,CHaCH,CTOH - et Mass: 5283271
0 l—ll I' —
| T I T I I | I I T | I T I T I T I I I I T T T T I | T I T I T T T T
2 4 4] 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-39 LC/MS #l7E P14 ik ofhitHiA 4> 27 v~ 77 & (ESIMS, Positive)
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RT:13.26

10 MA: 2:?54854
| ! C28H51N708
| -
P15 50 m/z 614.3880 | H#H CHECHQCHZCW ;OH Exact Mass: 613.3799
0 = T S T T Tt 1 =T T T T = —h \i =TT L L T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-40 LC/MS #l7E P15 fiipk sy ofhitiA 4> 27 v~ 77 & (ESIMS, Positive)

61



GC &

B

FREFRICOWTLL T O Y /ER L7, 2Py 0.01568 g % 10 mL A 27 F A =Tl
D&Y IRBEBECARAT » 7 LT Std-1 & L7z, Std-15mL Z4h—/LEXy T
FRELT10 mLICA AT v 7 L7cb D% Std.-2, Std.-2 4 mL 24—/l Xy T
FERLT10 mLICART v 7 LIzbD% Std.-3 & Lz, Std.-1, 2, 3 AR EMIER
MY L LT GC BlIEICH LTz,

FIoY T ONTIE, LC/MS ORGE L [FgkIC, LFORE TR L,
TIAFHERIR 1 mL AR —/L By P TCERIRL, 10mLIZ AR T » 7 LT 10 54 R
WiRE Lz, 20 10 A RIEIKR 1 mL 28—V EXy N CTERIL, 10mLIZA AT
> 7" U CHEEAT O 100 [EABIAR & Lz, 100 (53 Riain %2 GC JlE it Lz,

B, WEIZLLFOLEETIT- T,

- GC ¥ AT 4 : GC-2030 [SEHRERT]

< HT T A : DB-WAX (30 m X 0.25 mm X 0.25mm)

< FEA DR EE : 250 C

- MR 1260 C

- FRLAE : 50°C —(15 C/min) —250 C (6.7 min {£FF) [20 min J5E]
- EAE 1L

< 27U v R :50:1

T LAHRE : He 1.0 mL/min (const.flow)
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SYHT H

:2023/11/14 15:01:00

LilE) : System Administrator

NAT VB 4

F 74 : 2=Pyrrolidone std.1

+ 7D : PO-2752

T NRAT | e

TEA !

PN : (Levell Conc.)

T =RT7A N DY TRCYHMYhm231114-04.ged

Ay T7 A : DY TRCYHMYDBWAX(50-250)A_30min.gecm

AL K HEGC-2030

Injector:250°C  Detector: 260°C
417 2 DB-WAX 30m > 0.25mm X 0.25mm
iR 507C to 250°C 15C/min
split(50:1) He 1.0 mL/min Const.F

Intensity
175000
] solv.
150000~
125000~
100000
75000
50000~
25000
0{ SR I NS N
———————
0.0 2.5 5.0 .5 10.0 12.5 15.0 175 200
min
FID1 A A
s s PRERRE i £ i %
1 11.993 357178 100.000
ol 357178 100.000

Fig. 1-41 2-Py #E#Ej% ; Std.-1 ® GCHIE 7 u~ 77 A
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ST H i
]

NAT NGB

:2023/11/14 14:34:59
: System Administrator
03

o7 N4, : 2-Pyrrolidone std.2

Fu7 D : PO-2752

T NALT DA

A i1

PN A : (Levell Conc.)

T =HT7A ) CDYTRCYHMYhm231114-03.ged

AN T4 : DY TRCYHMYDBWAX(50-250)A_20min.gem

AL FHEGC-2030

Injector: 250°C  Detector: 260°C

F17 2 DB-WAX 30m X 0.25mm % 0.25mm
iR FE:507C to 250°C  15°C/min
split(50:1) He 1.0 mL/min Const.F

Intensity
175000
] solv.
150000
125000
100000
75000
50000
25000
i \I |
(F_ J A N
... Crlr i iii n’z i iihlhn
0.0 2.5 5.0 7.5 10.0 12.5 15.0
FID1 ) _
E-rf e PRFRIRER] rfri it i fiif%
1 11.989 174843 100.000
il 174843 100.000

Fig. 1-42 2-Py #E#Ej% ; Std.-2 ® GCHIE 7 u~ 77 A
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58T H IR :2023/11/14 14:09:01
TR E : System Administrator

NATVE 12

74 : 2-Pyrrolidone std.3

#2727 01D : PO-2752

# 7 NALT T A

TENGE 01

PN : (Levell Conc.)

T =AT AN DYTRCYHMYhm231114-02.ged

Ay b T4 : D:¥TRCYHMYDBWAX(50-250)A_20min.gem

A HHEGC-2030

Injector:250°C  Detector: 260°C
F17 2 DB-WAX 30m X 0.25mm X 0.25mm
FREA:50°C to 250°C  15°C /min
split(50:1) He 1.0 mL./min Const.F

Intensity

175000
i solv.

150000-]

125000

100000

75000-]

50000

25000 ‘

o L I —

FFID1

E-r3FE PRERERRE Tl rfir e
11.987 66790 100.000
el 66790 100.000

i~

Fig. 1-43 2-Py %% ; Std.-3 D GCHIE Zu~ h 77 A
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ST AT H IR 22023/11/14 16:54:49

AT AT : System Administrator
AT 16

o7 A : Sample /MeOH+H20 n=1
7D : PO-2752

WAL s e

AR ol

PR A : (Levell Cone.)

TaT AN : DYTRCYHMYhm231114-08.ged

Ay T

B 1 B HGC-2030

Injector:250°C  Detector: 260°C

H17 A DB-WAX 30m > 0,25mm > 0.25mm
S Z A 507C 10 250°C 15T /min
split(50:1) He 1.0 mL/min Const.F

: DY TRCYHMYDBWAX(50-250)A_20min.gem

Intensity
175000
| solv.
150000
125000
100000 |
75000~
50000-
25000+
: | |
H I b e
—_— — —_————
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
D1
(S B E = S £ 51| El| iR i FE%
1 11.987 176280 99.011
2 13.241 1761 0.989
Arat 178040 100.000

Fig. 1-44 %> 7o GC HlE
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kLS 2 2023/11/14 18:38:34

S : System Administrator

NATVE & 16

74 : Sample  /MeOH+H20 n=2

+7° WD : PO-2752

Fo T NAALT DA

TEAN 01

PR : (Levell Cone.)

F=RT7A I : DAXTRCYHMYhm231114-12.ged

Ay T4 s D:YTRCYHMYDBWAX(50-250)A_20min.gem

AL S HEGC-2030

Injector: 250°C  Detector: 260°C

717 A DB-WAX 30m X 0.25mm X 0.25mm
RS 50°C to 250°C  15°C/min
split(50:1) He 1.0 mL./min Const.FF

Intensity
175000
] solv.
150000
125000
100000
75000 |
50000~
25000~
07 IK___; e - T
S, D D
0.0 2.5 5.0 7.5 10.0 12,5 15.0 175 200
min
FID1 _ _
i fRRE i i FEf
1 11.985 173268 99.041
2 13.240 1678 0.959
aaf 174946 100.000

Fig. 1-45 #7Vv® GCHliE 7 v~ 7 F A (HE n2)
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RENE (mg) BRE(ml)
Std-1 15.68 10
ZEEE (ppm) v— o miE
Std-1 1568 357178 B 231.672
Std-2 784 174843 Uia -6275.239
Std-3 314 66790 RBRER 1.000
400000
350000 y=231.672x-6,275.239 ..
R2=1.000
300000
3} 250000
w
i}
'~ 200000 ;
| .
Y 150000
100000
o
50000
0
200 400 600 800 1000 1200 1400 1600 1800
BE
BN B HElE(g) BwE(ml) E—omE |BRPEE%) | SRFEE(%)
> 7nl 0.00936 10.0 176280 0.079 84.1
> in2 0.00936 10.0 173268 0.077 82.7

Fig. 1-46 A RAERD T O 2-Py &4 HiE whit 7
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ETPEROBGEFIZHON T, —RANSIFBRIERISICH LTRSS 257 2 B TH
MERDEATA PSRBT 812 X DR w10, BER AR 2 72 S0k V23S &
NTRY ARF2eE TRIEA T FEIATREN: 2 3 D50 6 4 ISRk ET L TV <,
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@ NA FWHy -T2 EEEED D OB R

A. XA F GABA OEE

NAF GABA OB ZED DX ET A A GABA A—H— L 2D 7 L— FIZD
WA 21T o 72, AR K% Table 1-1 (27”7,
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Table 1-1 /XA 4 GABA A& R —&E
Att Bft Ctt D%t Eft

R 1500MT/& 350MT/& 120MT/& 600MT/& 1,000MT/ &
iER 800~900MT/% 200~250MTIZE BOMT/& BREERTERL 2~5MT/BEEE T
COA o o o O (98%HELIO%HE) O (99%)
JL—R B3R, #i, Bl BmmElt B EE Rl BR
S 0 ) 0) )

— — _ BROBA. 657/k.
RMBITiE  |607%/kg (25E) 10005%/kg (25E) NORE, 45 (25)

e BS05EA. FOB 10USD/kg « ]
USDIits |FOB 8.45USD/kg $100/kgi2EE FOB 145USD/kg HOSA. FoB 7.5Usokaierm) |9/
FERE |EE B S8R IT% BmmElt B EE Rl BR
FREMST |BA EBE. 7X0h PIB T AEERD BA., BBE. 21> EEON KE-ADR
WILE 50%. Bt L AR OB AT, o WILE 18%.
B NIEOISDSREEE CATE E7 IO Bt R AT A— N — TEMERLL DERE. QREEEN SN
e Q@FEEwithftys QFEEwithoutftiE EBREOFEFUIASHI A ZET.
& MBI L — RIS (with ATE THXISBIHEE HEELTVRO,
EtEEEmICIFE FA—H—X—REEA]HE.
ORI RE RIS,

P UM HEEREINZA, $9200T/FE(HIHHRD |SikEEmEL TRAFA-H— BHATIRGEEEHD AR SERENEFEV
- = HiE e . s v .
F5iUyh e N [ - S TEBNICEEL TUAL SRS TERNCAREL TRV
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AR LY . PEOBHE MR & LTS b, ARG, AR L DR

EEREMND, ABIXOBHO 24KV IABRY > T DAFEED -,

A A GABA IZESMITHAVWE B 7 L— N EFE~Ofk L LTHW AR L—
RO 2 FFICKBITE 5, BHZ L— NRITZEMEORME B LW 2O A i O &4
BERNDIRVERAY v MR FEHS L— RIS FIEOM Y 23 72y
RN ENWD Ay ERET b, £ZCTERO 2ty L— N/t s
V—REFAIE3 ey OV T NVEFE LT, HE LY 72O T Table 1-2
W27,

Table 1-2 /31 4 GABA ifiEY 7L

/A #GABA-1 /A F#GABA-2 /A #GABA-3
A—hH— ARt Bt

i B (mma) * K (mpgam) *°
JL—F gk & £H

A& $9-10/kg N.D. #$100/kg

ORI VEBEREITIAVANST VY LHEYOBETEIUA, SR I RS & BRiREE R
(GAD) (& B5GABANDZEHRE—2DAYRXNT T U T LTITI,

2raYFNoFUY L GBERETEMER) TO/LEZIVBEEEL, BOABEICFSEAGADEAL
T, BEEHRT D, I, SR I VBEELGABALEN RRICH IR A YEIRICA D,
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B. /5o 4 GABA &85 GABA D5y 5347
A L7oA 4 GABA LR L LTRSS GABA ICENTETDERND LD
D ENENDOEA ST OV TR T A FEhii L 72,
'H NMR &

U7z,

Z RS 50 mg & HE/K(D20) 0.5 mL IZ¥EfiE L, TSP (Sodium 3-(trimethylsilyl)
propionate-2,2,3,3-d4)?® 1 mg/mL D20 ¥k % 0.1 mL 12 72, Z ORUEHAR % JIEIC

EZ3)
[

FERA/R L Fig. 1-47~57 L0 . W o S TR — 7 I L 72281
RO LT, ERDIIFE—#ED GABA TH D Z & DR S 172,

%k LC/MS THeE & v7e GABA $HIRA Y I~ —Hk EHEE SN DN E—27 2
I GABA DAY ML TR I,

3 GABA DAY "V T 2Py R L HEE SN D/ N E — 7 bR S iz,
Z DAt

A3 GABA & 31 4 GABA-3 12 GABA # V) I~ —LADRHli & HiE S
NDWUNE—7 BB S 7223 A AT TIEEERIE IR Th o 7o, MIERBRIC
DWT, 1 6 bk iR %,
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o DFILE Y23110801-1-2f als
COMNT  GABA reagent (PO-.
DATIM  2023-11-08 11:29:51
. — OBNUC  1H
G: 0 ' EXMOD  zg30
. OBFRQ 400.33 MHz
R x | OBSET 3.20 KHz
OBFIN 2.64 Hz
| POINT 16384
FREQU 8196.72 Hz
| SCANS 64
] ACQTM 1.9988 sec
Ge PD 15.0000 sec
PW1 10.00 usec
IRNUC
CTEMP 250 ¢
SLYNT D20
Ga EXREF 0.00 ppm
BF 0.25 Hz
RGAIN 45
]
;‘ | TSP
J'Ill\ H_Jl ‘l'_._,m_._ 1
[TTTTT I [ [TTTTT | IIH|I [T I|I [T I‘IIIIII\I|IIII\\III|IIIIIIIII‘\IIIII\H|I
9 8 7 6 5 4 3 2 1 0

Fig. 1-47 &3 GABA ® 'H NMR A7 kv
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7K Ge Gb  Ga TSP

| suTsarE—y
|

_' | o

[
= : o | \ | | ‘
° - Pc | | I ‘
7 e o N

2L TV JL____‘U_L

Pb Pa
PPM
IHH\||IHH\II\‘\H\IIII\‘HIIIIII\MIIIII\H‘\III\H \‘IIIIHI\IIHIIIHHMIII\IIII‘HHIIII\‘[
9 8 7 6 5 4 3 2 1 0

Fig. 1-48 i3 GABA ® 1H NMR A~~~ kL (JLK[H)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Y23110801-1-2f.als
GABA reagent (PO-,
2023-11-08 11:29:51
1H
zg30
400.33 MHz
3.20 KHz
2.64 Hz
16384
8196.72 Hz
64
1.9988 sec
15.0000 sec
10.00 usec

250 ¢
D20
0.00 ppm
0.25 Hz
45



Gb
G: fo) r
H,NCH,CH,CH,COH /
c a b
|
|‘
Ge //J
|
Ga
)
K
|
|
ﬂ —
i |
i TSP
JL ot N [
PPM
\H||||||\\IIII\\‘\IIIIHH‘\III\H \||||H [TTTTTT \HH‘IH\IIII\‘H\\IIII\‘HIIIIII\‘\IIIII\H‘\
9 8 7 6 5 4 3 2 1 0

Fig. 1-49 /SA 4 GABA-1 ® 1H NMR A~7 v
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Y23110802-1-2f.als
Bio GABA_1 (PO-27.
2023-11-08 11:51:5¢
1H
zg30
400.33 MHz
3.20 KHz
2.64 Hz
16384
8196.72 Hz
64
1.9988 sec
15.0000 sec
10.00 usec

250 ¢
D20
0.00 ppm
0.25 Hz
45



7K Ge Gb Ga TSP

* Y TIAhE—S

le"‘

9 8 7 6 5 4 3 2 1 0

Fig. 1-50 /31 4 GABA-1 ® 'H NMR Z2~7 ~L (JEK)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCGANS
ACQTM
PD

PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

Y23110802-1-2f.als
Bio GABA_1 (PO-27
2023-11-08 11:51:5¢
1H
zg30
400.33 MHz
3.20 KHz
2.64 Hz
16384
8196.72 Hz
64
1.9988 sec
15.0000 sec
10.00 usec

250 ¢
D20
0.00 ppm
0.25 Hz
45



Gb DFILE Y¥23110803-1-2f.als
COMNT Bio GABA_2 (PO-27
DATIM 2023-11-08 12:14:0¢
N OBNUC 1H
G o) | EXMOD  zg30
I
H2NCH2CH2CH2COH ( OBFRQ 40033 MHZ
¢ a b OBSET 3.20 KHz
‘ OBFIN 2.64 Hz
|‘ POINT 16384
FREQU 8196.72 Hz
SCANS 64
(/( ACQTM 1.9988 sec
Ge PD 15.0000 sec
PW1 10.00 usec
IRNUC
CTEMP 250 ¢
G SLVNT D20
@ EXREF 0.00 ppm
BF 0.25 Hz
RGAIN 45
7K
|
|
- I ]
I
jk l‘l TSP
_J J1 ol l
R R R R R N R R R R R R R R AR RN RRRRRR
9 8 7 6 5 4 3 2 1 0

Fig. 1-51 /51 4 GABA-2 ® 1H NMR %<2 kL
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Fig. 1-52 /31 4 GABA-2 ® 'H NMR A~7 L (JEKX)
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DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Y23110803-1-2f.als
Bio GABA_2 (PO-27
2023-11-08 12:14:0¢
1H
zg30
400.33 MHz
3.20 KHz
2.64 Hz
16384
8196.72 Hz
64
1.9988 sec
15.0000 sec
10.00 usec

250 ¢
D20
0.00 ppm
0.25 Hz
45
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Fig. 1-53 /31 4 GABA-3 ® 'H NMR A-<Z kL
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Y23110804-1-2f.als
Bio GABA_3 (PO-27.
2023-11-08 12:36:1¢€
1H
zg30
400.33 MHz
3.20 KHz
2.64 Hz
16384
8196.72 Hz
64
1.9988 sec
15.0000 sec
10.00 usec

250¢
D20
0.00 ppm
0.25 Hz
45
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Fig. 1-54 /XA 4 GABA-3 ® 1H NMR A7 kL (FEK[X)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Y23110804-1-2f.als
Bio GABA_3 (PO-27
2023-11-08 12:36:1€
1H
zg30
400.33 MHz
3.20 KHz
2.64 Hz
16384
8196.72 Hz
64
1.9988 sec
15.0000 sec
10.00 usec

250 ¢
D20
0.00 ppm
0.25 Hz
45
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Fig. 1-55 %kl 1H NMR A2 ~<7 kLt
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DFILE Y¥23110804-1-2f.als
COMNT Bio GABA_3 (PO-27
DATIM 2023-11-08 12:36:1¢€
OBNUC 1H
EXMOD zg30
OBFRQ 400.33 MHz
OBSET 3.20 KHz
OBFIN 2.64 Hz
POINT 16384
FREQU 8196.72 Hz
SCANS 64
ACQTM 1.9988 sec
PD 15.0000 sec
PW1 10.00 usec
IRNUC
CTEMP 250¢
SLVNT D20
EXREF 0.00 ppm
BF 0.25 Hz
RGAIN 45
G:
H,NCH,CH,CH,COH
a b
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Fig. 1-56 %3kt 1TH NMR A7 bVt (JEKE)
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DFILE Y23110804-1-2f.als
COMNT Bio GABA_3 (PO-27.
DATIM 2023-11-08 12:36:1¢€
OBNUC 1H
EXMOD zg30
OBFRQ 400.33 MHz
OBSET 3.20 KHz
OBFIN 2.64 Hz
POINT 16384
FREQU 8196.72 Hz
SCANS 64
ACQTM 1.9988 sec
PD 15.0000 sec
PW1 10.00 usec
IRNUC
CTEMP 250 ¢
SLVNT D20
EXREF 0.00 ppm
BF 0.25 Hz
RGAIN 45
G:
H,NCH,CH,CH,COH
a b
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Fig. 1-57 &kt 1H NMR 227 Lk (—#5KX)
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S426794

DFILE Y23110804-1-2fm.al
COMNT Bio GABA_3 (PO-27.
DATIM 2023-11-08 12:36:1¢€
OBNUC 1H
EXMOD zg30
OBFRQ 400.33 MHz
OBSET 3.20 KHz
OBFIN 2.64 Hz
POINT 16384
FREQU 8196.72 Hz
SCANS 64
ACQTM 1.9988 sec
PD 15.0000 sec
PW1 10.00 usec
IRNUC
CTEMP 250 ¢
SLVNT D20
EXREF 0.00 ppm
BF 0.25 Hz
RGAIN 45

: 2

H,NCH,CH,CH,COH
c a b



GC/MS HIE
ZFEHY 10 mg % 1 mL ORBHKICERME U=k 2 @ik Lz,
f % Fig. 1-58~66 |3, Wh ok il LT Ry it Sz,

P1: 2-Py
P2 : GABA

P3: GABA #{ikA4 Y F~—©2 EFR)DOBKKEEY HEE)

P1 BXOP3 X GCHEALD TOMBERICAKR LD EHEE ST,
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x10°

5

0.00

T =GC> 8890 (Agilent)
P1 E % Column - DB 5 (30 m*0.25 mmid*0.25 m)
B Column Temp. 1 50°C(0 min)—15C/min—320°C(2 min) 1: TICC / E231121TM002-Centroid
] Injection Temp. © 300C '
i sls Injection Mode ¢ Split (50: 1)1uL. He 1.0 mL/min const. F 2. == TICC /E231121TM004-Centroid
=MS= JMS T200GC (JEOL) . _ B

Lomizntion Mode - L+ 3; == TICC/E231121TM005-Centroid
7 Ionization Voltage : 70V . _ B
] Tonization Current * 300 1A 4; == T|CC/E231121TM006-Centroid
i Ton Chamber Temp.: 250C
4 Scan Range : m/z 30.000-800.000

Scan Rate 1 0.4 & /scan . S
] Mass Resolution  : =8000 (at m/z 207) ; jiE%?jG—/é?\ABAG)
] 3:/\474 GABAR
J 4:/\17GABAS)
] P2
4 x EBEISLY

T T T T T T T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 10.0 12.5 15.0 17.5 20.0
RT [min]

Fig. 1-58 %5kt GC/MS #IE TICC ki (EHRFEX)
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x10° i P1
1.50
| 1; == TICC/E231121TM002-Centroid
. 2: —— TICC/ E231121TM004-Centroid
i 3: = TICC/E231121TM005-Centroid
125 4; == TICC/E231121TM006-Centroid
1 8. .
1 : P2 1: 3 FGABA
4 2: /347 GABA
] 3:/347 GABA
4: /3474 GABAR)
1.00 —
i 4
&
0.75 —
0.50 —
4 X FKBEISZLY
0.25 +
ot 1T 777 T T
5.0 55 6.0 6.5 7.0 TES 8.0 8.5 9.0 9.5 10.0

RT [min]

Fig. 1-59 #&#kt> GC/MS #MlliE TICC ki (EiaFE, —HHEKR)
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ol 3

TICC / E231121TMO02-Centroid / El+ / GABA regent Tul HM-5426794 2150V 50:1

20m...  (7914606)

SEGABA

Fig. 1-60

LI I I N I D N I B D B BN |

7.5 10,0 12.5
BT [min]

A3 GABA ® GC/MS #liE TICC
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TICC / E231121TMO04-Centroid / El+ / Bio GABA 1) TuL HM-5426794 2150V 50:1 20mi... (B012702)

I\ GABAT)

5.0 7.5 10.0 12.5 15.0
RT [min]

Fig. 1-61 31 4 GABA-1 ® GC/MS {#liliE TICC
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nr

7.50 —

TICC / E231121TMO05-Centroid / El+ / Bio GABA (2 1ul HM-S426794 2150V 50:1 20mi... (7208959)
' 5.6 I\ {7 GABAZ)
T |
1 58
| I I I LI L] T | T T T L} | 1 I 1 I | L} | T T | T T T L
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0
RT [min]

Fig. 1-62 /34 4 GABA-2 ® GC/MS HIE TICC
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ME

1106

0.00

TICC / E231121TMO06-Centroid / El+ / Bio GABA (3! Tul HM-54267594 2150V 50:1 20mi..  (7836506)

5.7

INAF GABAZ

5.0 7.5 10.0 12.5
RT [min]

Fig. 1-63 /31 4 GABA-3 ® GC/MS {lll7# TICC
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[ AN FRV]

2. OE+06 1

1. OE+06 +

0. OE+00

m/z——>

550 — 522 BP = 85[2465589] TIC = 8291448 R.T = 05:40 P1
%L
80
SCEAOTOMERIZEAERMEHTE
41 H
Ve \T:‘:’ O
| 56 2—Pyrrolidone
| “ T MW 85
el L | T LA A B T T T LA A B 1
50 100 150 200 250 300 350 400

Fig. 1-64 %30kt GC/MS I P1 D~ A AT | L
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(2~ 7h0]

1.5E+05%B

l.OE+05;

5. OE+04

918.. 1007 - 1026

42

56

BP = 85[160002]

R.T = 08:07..08:43

-1

TIC = 74250

®
Il
H,NCH,CH,CH,COH

GABA (Y =Aminobutyric acid)
MW 103

0. OE+00
m/z——>

M ."""'

50

Fig. 165 &3kl GOMS HIE P2 D~ A A~ b L
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[AN Thv]

1. OE+05 1

5. OE+04 ~

m/z——>

1085 — 1079

41

30
0. 0E+00 |

6Y

BP = 151[118506]
I

TIC = 825536

R.T =09:14 P3

151 SGEAOTOMEIZEDERMEHT
97 f\
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Fig. 1-66 %kt GC/MS #fIE P3 D~ A AT kv
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LC/MS JIE
ZEHY 10 mg % 1 mL ORBM/KICIAEME LTz, Z OFEIREBHMAKT 10 54K U725
BHAERZRIEICHE Lz, Zeds, IEIZBL T OEMTITo 72,

- HPLC ' A7 A : LC30A [& 8 ErT]

- BEoHTE : Q Exactive [Thermo Fisher Scientific]

A IV : Unison UK-Amino (2.0 mm X 150 mm X 3 m)

< T NRE 145 C

- BEIMH A : 50 mmol/L FEfE7 & =7 LKA

- BEHH B T R=FUL

A A LT F A :0min — 5min B=90%
5 min — 20 min B=90% — 50%
20 min — 25 min B=50%

- ik : 0.4 mL/min

cTEAE :3.0L

- UV frihy D 7 MEA A= RT LA (PDARHIZR

- A AUk c L7 hu A7 L—A 4 ALESDE

- MS it : 7NV AF v v (mlz 50-750), IEAA A Ui

TaR g M A AR
LC/MS RIERE 1T Fig. 1-67~T73 IZ/R T, £k b 3l L CFRE gy B &7,
- P1 : GABA (Fik5)
- P2(1) : GABA £85Ik 4 Y I=—2 ik (D ERRSY & HEE)
- P2(2) : GABA 8k A4 Y I~ —3 FEfk (PfEnksy & #HEE)

FREHZIT TR O GABA LISMIAH# & LT GABA 84U I~ =239 782
BHINTEY, ZOGABITROBEMEH L L AL,

I GABA> 31 74 GABA-3> /31 4 GABA-1> /31 4 GABA-2
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Table1-3 LC/MS ik sy ¥ — 7 HEEDO £ &

peak area ™ ke
peak mlz HEGABA | N AAGABAD | NAAGABA®R | /\{AGABAG) HEBIE
Pl 104.0704 || 17.849.828 417 17.950,891904] 16277.060215] 17,859,735,601 | GABA (5% %7)
P2(1) 189.1231 2,023,387,927 52,034,469 31,698,597 137,494228 |  GABASEIX
ARABDEREL 1,000 26 16 68 | AT w—(m2)
P2(2) | 2741758 220.810.620 466,825 169,101 864,542 |  GABASHIK
ARADERELL 100 0.2 0.08 0.4 | AT <—(m3)

X LC/MS(Positive) TRIESN-E—VERTHY . —HAR T OHREEHMM LRI THIN, OB TIEAF LM ENEGLIHRENKEN,

*1: ARAEDSERIE—VEBEEOKREMEZ1000&LI-FFDHERE
*2: 4RADSLRLE—VEEEOKREMEZ100EL RO

[GABASHIKA )T v —DHEER &)

i
HJFNCHZCHZCHzc]LOH
H m

SKEGABA > /A (74 GABAR) > /3174 GABATD > /3174 GABA®D)
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Qs 106\yklan\..\GABA-0_1000ppm

2023/11/23 11:58:29

LC_ESI,Column; Unison UK-Amino,2*150, 3um, A_50mMNH40Acaq, B_ CH3CN, 03uL inj

RT: 0.00-25.00
100 11.16 HEGABA NL: 2.50E9
] <LC> LC30A (SHIMADZU) ) _ i TICF: FTMS +p
o ] Column :U_n_laon TUK-Amino (2.0 mm*150 mmidx3 pm) i ESI Full ms
o 80 Column Temp 45T | [50 0000-
& 1 Solvent A : 50 mmol/L Ammonium acetate aq. i :
'g - Solvent B : Acetonitrile | I‘ 750.0000] MS
5 60 Flow rate 0.4 mL/min I GABA-0_1000ppm
g - Injection Volume : 0.3 pL | \
o 404 ) [
= — <MS> Q Exactive (Thermo Fisher Scientific) ’ \
® ] Tonization Mode : EST+, ESI- [
& 20— Scan Range tmlz 50-750 ‘|‘ k 1“2/<4;
- |
I ) — —— e
102 147 NL: 25059
. | o TIC F: FTMS +
@ J r‘ l\'f?]’GABA@ ESI Full ms °
2 80 f [50.0000-
5 1 [ 750.0000] MS
é 60 I‘ | GABA-1_1000ppm
< H
g 40 A
3 20 |\
3] — |
& < [\
. LN
103 - - NL: 2.50E9
g 1117 o TICF: FTMS +
g i INAFGABAD esiruims
2 80 i [50.0000-
g - I\ 750.0000] MS
S 60~ I GABA-2_1000ppm
g A
g 407 :.
kS| 20 ] [
7] — |
i | 1245
108 NL: 2.50E9
e 11.16 ¢ TIC F: FTMS +
o | RAAGABAD) siruims
g 80 I\ [50.0000-
8§ 7 M 750.0000] MS
5 801 H GABA-3_1000ppm
< 7 [
2 40 [
£ 0 R
2 = [
e [\ 1244
0 T T T T T I T L T T T |_]_| — T I T T T T T T T iili_T_?_\ 7]7_77\7|_ = T \_7_|7__ —
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-67 #%#tEt> LC/MS HI7E TICC kti#k (Positive)
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\Qs106\yklan\.. \GABA-0_1000ppm

2023/11/23 11:58:29

LC_ESI,Column; Unison UK-Amino,2*150, 3um, A_50mMNH40Acaq, B_ CH3CN, 03uL inj

RT: 0.00 - 25.00 _
25 HEGABA NL: 2.50E9
E [ | TIC F: FTMS +p
8.0 | |‘ ESI Full ms
2205 | [50.0000-
g 7 | | 1244 750.0000] MS
< 155 [ I GABA-0_1000ppm
g E | \”'\
g 10 ‘ \\_ |‘I |
T \) A
& 52_ R e e A NP MRS o H e r\/\‘#"\/“-/\—’“——"-w»/‘_*\/—\/\M/\Aﬁfvfn\,-\f\/"-ﬁ\/x—/\, ———_——
22 NL: 2.50E9
] [ ] N TICF:FTMS +p
e ‘. IAAGABAD g cime
c 204 \ \ [50.0000-
2 7 | | 750.0000) MS
5157 | GABA-1_1000ppm
< ||
21 BN
%3 5% /I -\_/\"""/1»7/\\/\ e e e e e e
o T e e e e ot .
22 - NL: 2.50E9
& | N TICF:FTMS +p
o o [ INAA GABAD) &5 Fyj ms
220 [ [50.0000-
g 7 | 750.0000] MS
5157 [ GABA-2_1000ppm
< 7 |
2109 LA
o | !
- R B - -
2g NL: 2.50E9
= ' ¢ TIC F:FTMS +p
e | INAFGABAD) £ Fuilms
8207 [ [50.0000-
s 3 [ 750.0000] MS
£157 o GABA-3_1000ppm
< 7 [
210 L
T ] |\ 1244
& 5;,_7_4_\_7 e e e e e e e e e e e e e ,-,_) \ e e e e e e e ———— o ——
O+ T LI I — T T T T T T T [ T T T T T T T T T T T T T [ T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-68 #5UEto> LC/MS #IZE TICC ki (Positive] (HiEHLIK[X])
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Qs 106\yklan\..\GABA-0_1000ppm 2023/11/23 11:58:29
LC_ESI,Column; Unison UK-Amino,2*150, 3um, A_50mMNH40OAcaq, B_ CH3CN, 03uL inj

RT: 0.00 - 25.00
P1

1116 . NL: 2. 50E9
1003 HRGABA TIC F: FTMS + p ESI Full ms
50 [50.0000-750.0000] MS
] 12.44 GABA-0_1000ppm
0 11.17 NL: 2.50E9
1005 13AAGABATD) TIC F: FTMS + p ESI Full ms
3 [50.0000-750.0000] MS
504 GABA-1_1000ppm
0 1117 - - “NL: 2.50E9
1005 i 17 GABAD TIC F: FTMS + p ESI Full ms
= f\, [50.0000-750.0000] MS
50 '\ GABA-2_1000ppm
] J O\ 1245 e B
0 1116 N NL: 2.50E9
1005 : /A{AGABAD)  TICF:FTMS + p ESI Full ms
= [50.0000-750.0000] MS
50— GABA-3_1000ppm
B 12.44
0 I T 1 1 L L L 1 1 T T ] T T T T 1 T L B B B B B B B B B B ] 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)
GABA-0_1000ppm #1148 RT: 11.1618 AV: 1 SB: 2 10.8124 , 11.7441 NL: 9.94E8
T: FTMS + p ESI Full ms [50.0000-750.0000] +
104.0704 [M+H]
Cs4H1pO2N
100 -2.2067 ppm
90+
80- 0 C4HINO2
M H,NCH,CH,CH,COH  Exact Mass: 103.0633
S 70 87.0439
§ 650 CaH702
2 -1.9712 ppm
< 50
]
2 40—
o
&J 7 69.0334
20+ CiHsO
10 -0.6288 ppm
0 | ‘ |
— 1 T T T 1 T T T T | — T T T T T 1T 1 T T T | T T T T 1T T 1 T T T T T T T T T T T 1 1 T T T T T
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
miz

Fig. 1-69 %&#ko LC/MS HlliE P1 »~ 2 Z2~<7 /L (ESIMS, Positive)
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1Qs106\yklan\.. \GABA-0_1000ppm

2023/11/23 11:58:29

LC_ESI,Column; Unison UK-Amino,2*150, 3um, A_S0mMNH40Acaq, B_ CH3CN, 03uL inj

RT: 0.00 - 25.00 P2
ot NL: 2.50E9
20 12.44 'ﬁ%GABA TIC F: FTMS + p ESI Full ms
A [50.0000-750.0000] MS
104 GABA-0_1000ppm
0 NL: 2.50E9
20— \' INAAGABATD) TIC F: FTMS + p ESI Full ms
| [50.0000-750.0000] MS
10— GABA-1_1000ppm
- D N
0 NL: 2.50E9
20 || INAFGABAD) TIC F: FTMS + p ESI Full ms
I [50.0000-750.0000] MS
10+ I\ 1245 GABA-2_1000ppm
e — S S [ S —e e — — — — —— —
0 . NL: 2 50E9
20 /171 GABAD) TIC F: FTMS + p ESI Full ms
[50.0000-750.0000] MS
104 GABA-3_1000ppm
0 T T 1 T T T [ T 1 T [ T T T [ T T T T T LI T T T T T T ] T 1
0 4 6 8 10 12 14 16 18 20 22 24
Time (min)
GABA-0_1000ppm #1280 RT: 12.4432 AV: 1 SB: 2 12.3268, 126762 NL: 1.41E8 .
T: FTMS + p ESI Full ms [50.0000-750.0000] (1) [M+H]
189.1231 {> (0]
CgH1703N2 L C8H16N203
1 H-+N-CH,CH,CH,C
-1.3477 ppm Y evrizMi ?H Exact Mass: 188.1161
100 H
90—
80— 0
8 70 HJFN_CH CH-CH c} C12H23N304
5 172.0966 (2) N CH2CR2CHCTOR g, ct Mass: 2731689
c 60 CgH14 03N
2 50 -1.1524 ppm
o +
2 40 (2)[M+H]
2 30+ 274.1758
20— 88.0757 Ci2H2¢ 04 N3
Cq4H10ON -1.0394 ppm
10+ 0.3607 ppm |
0 T ||‘|\\\||||\\|\‘|”||||\\|||||||\|\||||\\|'\||\|\||||\\\
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
m/z

Fig. 1-70 %&#ko LC/MS HlliE P2 D~ 2 Z2~<7 /L (ESIMS, Positive)
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\Qs106\yklan\.. \GABA-0_1000ppm

2023/11/23 11:58:29

LC_ESI,Column; Unison UK-Amino,2*150, 3um, A_50mMNH40Acaq, B_ CH3CN, 03uL inj

NL: 1.10E9

miz=
104.0699-104.0709
F: FTMS + p ESI Full

ms
[50.0000-750.0000]
MS
GABA-0_1000ppm

NL: 1.10E9

m/z=
104.0699-104.0709
F: FTMS + p ESI Full

ms
[50.0000-750.0000]
Ms
GABA-1_1000ppm

NL: 1.10E9

m/z=

104.0699-104.0709

F: FTMS + p ESI Full

ms

[50.0000-750.0000]
S

M
GABA-2_1000ppm

NL: 1.10E9

m/z=

104.0699-104.0709

F: FTMS + p ESI Full

ms

[50.0000-750.0000]
S

M
GABA-3_1000ppm

RT: 0.00 - 25.00 i
P1 RT: 11.16 HEEGABA
100 72 1040704 MA: 17849828417
® . m/z 8
E 807
S 60 o C4HINO2
. H,NCH,CH,CH,COH  Exact Mass: 103.0633
2 407
3 20
€ 1221 1279
RT: 11.17
100, MA: 17950891904 INAAGABATD)
o) 3
2 oo
=2 ]
5 604
o
< ]
o 407
2 ]
£ 207
o O: ,_‘Igi‘ﬁ R
RT: 11.17 .
, 1005 MA: 16277060215 13471 GABAQ
£ 80° ﬁ
ke E \\
3 60 |
2 l
o 40 |
RN |
T 20 ﬂ
= = ol o 1245
RT: 11.16 .
, 1007 MA: 17859735601 /3(# GABA®D)
g 807
e ]
S 60
L0
< ]
o 40
z 0
3 207
o 1
0 L B e N s T T T T T T 1T T T T L 1
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Fig. 1-71 %5kt LC/MS HIZE P1 Ry offitA 427 m~ +27'F 4 (ESIMS, Positive]



1Qs108\yklan\.. \GABA-0_1000ppm

2023/11/23 11:58:29

LC_ESI,Column; Unison UK-Amino,2*150, 3um, A_S0mMNH40Acag, B_ CH3CN, 03uL inj

NL: 1.65E8

miz= 189.1222-189.1240 F: FTMS + p
ESI Full ms [50.0000-750.0000] MS
GABA-0_1000ppm

MNL: 1.65E8

miz= 189,1222-189.1240 F: FTMS + p
ESI Full ms [50.0000-750.0000] MS
GABA-1_1000ppm

ML: 1.65E8

mfz=189.1222-189 1240 F. FTMS + p
ESI Full ms [50.0000-750.0000] M3
GABA-2_1000ppm

NL: 1.65E8

miz= 189,1222-189.1240 F: FTMS + p
ESI Full ms [50.0000-750.0000] MS
GABA-3_1000ppm

RT: 0.00 - 25.00
RT: 1244 -
00— Pz(/1 }1891231 MA: 2023387927 % CBH16N203 BiIRGABA
m/z . I -
50 |‘\\'.I H H CH2CH,CHLC 20H Exact Mass: 188.1161
I I_JI \ —
INAFAGABAT)
100+
= RT:12.45
. MA: 52034469
13{#GABAZ
100+
50 RT: 12.45
o MA: 31688597
1544 GABA®)
100+
50— RT:12.44
MA: 137494228
T T T T T T T T T T T T T T T T T T T T T T T
0 2 10 12 14 16 18 20 22 24
Time {min)

Fig. 1-72 %30kt LC/MS HIE P2 (2) fritipksr offitiA 4> 7 v~ b 77 4 [ESIMS, Positive]
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R1: 000 - 25.00
P2(2)

RT:12.44

SHEGABA

. 0]
MA: 220810620
100 ‘ 1 ; C12H23N304
5o m/z 2741758 ,'H'l H%E‘CHchQCHQC ‘ ?H Exact Mass: 273.1689
0 I r"l L
INAF GABAT
100
50 RT: 12.45
0 MA: 466825
100 INAF GABAZ)
a0 RT: 1245
0 MA: 159101
134 GABAG)
100
50 RT:12.44
MA: 864542
0 T T T | T ‘ T T T | T T T T T T T T T T T T | T T T | T T T T T
0 2 4 B8 8 10 12 14 16 18 20 22 24
Time (min)

Fig. 1-73 & &0kl LC/MS HlE P2
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NL: 2.30E7

miz= 274 1744-274 1772 F FTMS + p
ESI Full ms [50.0000-750 0000] MS
GABA-0_1000ppm

NL: 2.30E7

miz= 274 1744-2T4 1T72F. FTMS + p
ESI Full ms [50.0000-750.0000] MS
GABA-1_1000ppm

NL: 2 30E7
miz= 274.1744-274 1772 F: FTMS + p
ESI Full ms [50.0000-750.0000] MS
GABA-2_1000ppm

NL: 2.30E7

miz= 274.1744-274 1772 F: FTMS + p
ESI Full ms [50.0000-750.0000] MS
GABA-3_1000ppm

(2) Ry ot A A7 v~ 27F 4 (ESIMS, Positive)



C. A 4 GABA & W7o BRALBUG
AR D LA R GABA TOMGHI TZEL T 7T5%DELINEZ 572 TRLd HIEIC
T, A 4 GABA OBRALBUS Z et LTz,

iR FZ2 AN72 300 mL 7 7 A =22 GABA £ 10 g 2Nz, #ifEE . mHgs, 747
H— WO HEN D7 T 2 a kAT Fig. 1-74 D X o /B R A A, EHEKIR
T (100 mL/min) T/NRJEEE 230 CIl2T GABA % i S w7, MNEABAE & [RIREIZ
HAEE B W e —%—3 100 CITIR L, 77 X aNo BHEBIZE & NI X 5 K6
B AT 72, B, 7T 2aN0 GABA M AR L, RN L o AR H W
B2 EA L, BRERIEHKED D RNOFRENINE > TL 2 ENIRMME T 217
Honi (Fig. 1-75),

Fig. 1-74 BRALGHEE R @

250

200
150

/f—\ \
100 Sty

50 —Bath
—1Internal temp. (Gas)

distilling head jacket

Temperture [°C]

0:00 10:00 20:00 30:00 40:00 50:00
Time [min:sec]

Fig. 1-75 /A 4 GABA B{b S IRE
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FOSH A CmEN L, 7 T A NI - 7o ROSARR ORI Z B LTz, Z ORSE
% 0.0106 g /7 EL L, 28N 10.5215g T TIW TA AT v 7 L, LC &AW Tt
Z LTz, PIEDFER, 2Py OfEM LY | A F @ 2Py DIREITZ 98 % TH Y . GABA
DEALRIZ TT % THDHZ Enbnot-, ZhE v, {LaH¥k GABA OBRLEM% A
W, AR TERILT 5 2 L ITkth Lz, BT o MmIcEE LT, 56 4
B ket %,
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@ NAF2-v'm Y FBIZ BT 2 Hff

NA A 2Py OAFICE L C AR 21T -7, B SRS & 2 HEHAL TAH D L3
TGS S TWA S, FICiE (1) OICFEHE L= iz B3 5 SCik 7 &2 sens
NR=ZATHY, ZOFTHRICI N I VAR LTEGRREZ Rz, Zbic
DNTHE, (1) @DIRENRLDOEE L DT,

Fio, fEFEICT A & LT SNERIEREAM O 1 > THh D L tha AR LiIE
AIRED D EAMTAE A 2 EhE L7z, BUEOFEMETH D 230 CERKIL F CORILKIS
IZXHE T E D EUSERIEN 20 OFd D L\ D 2 & TR ZRIEREM E L TEITH
LI L EMER LT,
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@'w7i/%@ﬁmu%®w~hﬂ6®2fuuFVA%%iﬁﬂgmL@%
GABA 75 @D 2Py G RIZ DWW TIE, ANROIE Y FEHERTEETIEH 5 H D, BURINERIT
80%NLLFTHY, 7o, A A Hk GABA @A?ﬁ:i’é‘% CONDH T ENbhol, £
I CHETEEIZET T, BER O3, 4 GABA & HRERE T H0— M XY
mﬂﬂéf@%/ ~—AHRr— b b LIE, L0 AFERE AL ENEDH D31 A

S JEURE 2 S EURE & L7 B Ry — RS2\ SCHRGR A & 520 L 72,

A ORER, EEEDZ AL AR T NE I U fE AT v— MIalgetta 2

L7z, ZhHDhoRERZ FiEd 5, 7z, TaLd 2 Bl b & D7t REIT T 72
7 — b ORFIC OV THR 6 FL BT D, (5 6 4Lk 5 i)
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Pd RftfC LD 72 I VO EBER B 2
TNA=RIRENONNAATER LTI NZ I U, B a7 E I % Pd SRR
DIFE T TrilmE TGS E 5 Z & TR K S RIS 2 TS D Z LR TE
D ERHEDD D, USKHEENDRNEITAY v FEEZT,

. . " N Pyroglutamic H
OH . INAAEBL o o) o C/V/ acid (PCA) N. o
HOHO o HOWOH —_— (_/v/
oH N2 PdXRfilE, 250°C
Glucose Glutamic acid 2-pyrrolidone
(Glc) (Glu) (2Py)

Fig. 1-76 Pd RAEIC & 5 72 X RO EREERIGIEIC K %31 A HK 2Py & R #S

Abstract

In order to recycle nitrogen from nitrogen-rich waste streams, particularly protein
waste, we studied the decarboxylation of pyroglutamic acid and glutamic acid in a
one-pot reaction to bio-based 2-pyrrolidone. After screening of a wide range of
supported Pd and Pt catalysts, 5 wt% Pd/Al2Os displayed the highest yield (70%)
and selectivity (81%) for the decarboxylation of pyroglutamic acid in water at 250°C
and under inert atmosphere. Side products originate from consecutive reactions of
2-pyrrolidone; different reaction pathways are proposed to explain the presence of
degradation products like propionic acid, y-hydroxybutyric acid, y-butyrolactone and
methylamine. An extensive study of the reaction parameters was performed to check
their influence on selectivity and conversion. This heterogeneous catalytic system

was successfully extended to the conversion of glutamic acid.
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A TA MRIC LD e a2 3 U RORIRKE L S
i)~ A b R PR FI2C RWMFI fiflffiz v Cc e a 7 v 2 2 U ig % KiRERAL
Bt L 2Py BT 20— MIOWTREHEHAH D, A AHEFEEN S D 2Py ARk
BT A N KRREHCTRISSHEONDRIIRERAY v MEEBZT-,

Bii7ksR

N H
e JMAG o o -H,O0  OHH KEAE N Rana 2l H
o . N ih ., 0] N
OH 2 Ru/MFIfitgs, p lutaminol
Glucose Glutamic acid Pyroglutamic acid 160°C yroglutamino 2-pyrrolidone
(Glc) (Glu) (PCA) (2Py)

Fig. 1-77 B4 Z A FRABHZ L D0 Z v F I U EEORIRAKFLIEIZ K 531 A Hik 2Py
B R

Abstract

Pyroglutamic acid is readily formed through the dehydration-cyclization of
glutamic acid, an abundant nonessential amino acid, by heating above 393 K
without a catalyst. Herein, we describe the formation of 2-pyrrolidone by the
hydrogenation and subsequent decarbonylation of pyroglutamic acid over MFI
zeolite-supported Ru nanoparticles (Ru/MFI) under mild reaction conditions (433 K,
2 MPa H2). The yield of 2-pyrrolidone on Ru/MFI was influenced by the pH of the
RuCl3 aqueous solution used to impregnate Ru on the MFI zeolite. pH-adjustment
led to strong adsorption of the cationic Ru precursors on the support and holding
small and dispersed Ru nanoparticles on the MFI zeolite. The resulting catalyst
provided a high yield of 2-pyrrolidone due to the high rate of decarbonylation into 2-
pyrrolidone in the conversion of pyroglutamic acid. In addition, screening of various
framework-type zeolites (commercially-available ones) as Ru catalyst supports
demonstrated that MFI contains more cationic Ru (Rué) than do the other zeolites
tested, and Ru/MFI provided a higher yield of 2-pyrrolidone. The results suggest
that Ru* loaded on MFI is workable as more active sites for the decarbonylation of
the aldehyde intermediate into 2-pyrrolidone compared to Ru® or other Ru species.
This assumption was supported by comparison of the catalytic performance of

Ru/MFI catalysts prepared by impregnation and ion exchange.
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B RNAFHKy-T I EBEE ) ~—0bDORY T I R4 ES - ki b
(1) @ TTHRR L7223 A sk 2Py (BM_G-019) AW T, {bAH kR Y ~—IZ
TR ZHED TV D PA4 ODEE ., KL HIEICT PA4 R DVERI 23 7=,

ANA FHSRFENL U AR L7 BM_G-019 1%, 338 L L THilkE b 2Py (2T
DD EHB R A TV RGO PA R0 B3OS Rond, 15
IR0 GPC HIER RS Mwb.2 7, Mnl.8 /5 & IS TH Y . BHE « KL
FALIC R X R EITMER X o 72 (Fig.1-78),

INA FHSRIFEIREA - ki ki HEBIZOWNWTH & B 6 FE S ki
RN

8000

7000
6000 [

&

5000 |

—_
=
=)

4000

ASMA

3000 |
2000 f
1000

1 100 10000 1000000
ASAADFE

Fig 1-78 /A A H3k PA4 Ki¥ (BPG-001) D4y 4i
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(2) WEEASYRIE & B 253 R 00 3fedi oD SR
@O AALHSRAR Y 7 X BRA L e A T = X LR
A. B IREITIZ I T D S iR A i o A
L LT RS E LT DAEDGIRIEA I = X LRI E LT, £F0345
FRIZ & o T ERR SN E DRFORLFITE S ZALT D20 E s T 02 & & LT,

Fig. 2-1 128 L7z E £l D OECD301F A4 itk oo L o 12, FEAMIC 1
W & OFEWIM 2R CRURICAENMREN LR L, ZOBAENME D LRI
o TNV, ZOKEMETHAERY & L TRINTE T D000 570, iErBLh
7TH%. 14 A%, 21 A%, 28 AZORBRIK A Z DO E LRI L, Fig. 2-2 |[ZFEHD A F
— AT/ & HFIP i % 22 or i U CR R AT 2 (KEE L 7=,
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0 4 8 12 16 20 24 28
Incubation time [days]

Fig. 2-1 i £ OECD 301F #RERHE 1
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EDFELERE

 m313E
s | ST ()
KEIBY | syaam (GaBaz) AT | Saem (mmkuv—)
RiSEzE — HFIP3H
LC/MS. H NMR — R=ODEE. 1@

rpaE | A | B

— H NMR. GPC

Fig. 2-2 ¥ 7 /Uit L OB 5 O E 7 n—

F o SR A = X MR O—BR L LT ESRIE A BEICHIE LY o
SOWT, BET HREARNTEZKIE L7z, = DOFER%Z Table 2-1 (2R 7,

BET fhZmtd
- HELEE : AAR~ULE BELSORP-max
- WEE : Kr
- SERFEBIE SN A He
- I E R CTTK (RIAZEFRILE)

- fFIZRSUE Po : 0.331 kPa
- [HIRAE - BOEIRFE - 40 C

- EE—FR ;SR T OV E TR

- HIEAERIE PPy K9 0~0.4

o SPAHHERR RE R ] D 1TARREIZ D E 180 s (CEEIZEL Tvh 180 )
« FALERVEE « B - 80 C X #9 5 WEH] WML

- kbR (f01g

- LR mAEMENTE - BET 2050
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Table 2-1 BET LR, KR & A0t o g

MDP-12311 | MDP-12210 | MDP-22210 | MDP-32311 | MDP-52311 | MDP-22311
BETLEEREE m?/g 2.29 2.56 1.19 2.37 2.09 1.53
RIEMV Hm 8.0 11.7 12.3 9.0 9.9 7.7
ENfEE (288) F15| % 89.0 75.5 87.0 76.0 83.0 88.5
ENfRE (288) nl | % 89.5 74.0 85.0 80.0 82.0 90.0
ENfRE (288) n2 | % 88.5 77.0 89.0 72.0 84.0 87.0

MR LV | HREAESCRE LB ERIE O OECD301F OAHEIE, HlE Lz v YNT
IR TE o Tz, ZhUd, HIGE L7k O b R ERE-OR 203 LB ST LU MIETH
STl ERPE LN TN RN EbE R, ZEPKRE Y 7T TRROWNIE %
FEL TN ZE B XD, £, M LER SR Y ~—Ri 1Rtk & OFBFIZ D
THAAE A LT <, (BN 6 4Rk 5 0iE)
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B. FEAKRIZITV 16 CTOWREA S fitERER (IS023977-1)

HELEAES RN & LT AR Y =~ — 13l ASTM D6691 skBRIZ THE/AK o T A4 iF
MafER Lz, LorL, ASTM D6691 ait%mo CTET LM TH L0, EED
WAREIL 30 CL VRN ERE <, FEEOREEZ KB L TOZRWATREMER F 2o
77

2T, X0 SRSV 15 C T OMFEA S it iR 1IS023977-1 (2 THREEA Sy
gtk 2R 95 2 & & Lz,

5238 75 H H £ ComP il % Fig. 2-4 (T~ 7, FAEHE D | %ﬁ%ﬁ?ﬁﬁ?@%u\ASTM iz
He_RTHA R OEITEHRE R E N DD, &AMi%% THATL TWD Z DR T
7=,

ATRER O R I O SCHRIZ B RO 2 WF M >AM2MATHY . 5 6 FED
fikfoe L CTIEME L T <,

100
= 80
=
S 60
=]
o
3 40
g —o—n1i
[
20 —o—n2
——n3
0
0 20 40 60 80

Incubation time [days]
Fig. 2-3 #2550 ASTM D6691 75k
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@ A AHY T XK 4R OE MR

BR{E L7231 73k PA4HIF-I25VC, OECD30LF pa M5 << 447l (—
IR R ML LR & BRI 54T b At L, A 648 4 3 70 6 sk
PRAA T OB A LA T LT, (F 6 4R SR )
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(3) thRFHLCmIT i E « = X MRGE
@© LCA O% =Wk - FHAmEEI DO IRF e g E
ARE L7 LCA T — 2 —ORE LT 12O R VKA S L G 0GR H D 305
1 f2BE Lo, BUREHRAEDHR T RN L B 6 FEN D ORRGE L 72
%o (47F0 6 4R EERkfE S H)
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@ ORISR LR DBATMARY 7 2 K 12 ki+® LCA &
Ny Fw—r L LTS PA12 ki FiliERF o CO2 HEHEDRE 21T - 72, RERHE
1% PA12 i+ DA RER 100 t/EE LT,

xRN —ERIT, PAI2 FHEETHL T va T 7 ¥ ALK, & OVRIEERE
W 2 G3e b D THh » HAIRORE TIE 1,357 t CO2/4E, = /L X —k K35 kEHE
R OMLERED & DT Y 131t CO24ETH - 1=, et R R ITRAEERE TH 5 28,
TRAF—ERTOH, o F—RETORBRATESHFCE 5,

FlEfE . CO2 HITEZNRICOWTITHRE Zmd TV < LT, B ROM bR
A5, (TN 6 ARk I )

Table 3-1 BifT#f PA12 ki1 LCA A FEH

RU7 = FI2RT
=234~ S | ETER | aw s (FEOESS)
FHETE - £ 131 | 1,857 | 1,488 |RLEAT—4
EEEY kR - - S EmRR L E—TH Y RAEN R
BTHA ol - - SRR LT h Y RENE
(t-C02/ 7 - - S EmA gL h Y AER R
%) BE- UYL 0 |SHbEERE XN
&5t 131 1,357 1,488
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@ ST AR - R
£t 3R PA4 BRI FHREHT 3B\ T A I IR 7o R bR 2 M L T D,
R —=NT v T K> TEE - R HLRREEDRMEIC > TE TR . 20MmAEER
L/SA Ak PA4 B FRREHI A2 LT <,

Fifb sk PA4 K T- OHTSIIL. B E Y U > 7 THAT PAI2 KT OB L 720
B LOBRL b, A AFEFERTHIUZME T A Y kb B8, HiliE
T ALK TV A PA4 ORVTSERSLETH Y | A% OB
B R T 5,
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V. £&®

AREZE (5T b FE <PURFERIIEERRF > AT MMEREHEFE > BEESMARY 72
R 4 ki) FFEER O BER X OERRIIZOWTIZOWT Table4-1 ICE L H7-1EY T

D,

Table 4-1 RN E & O

H H

A D B

EERCIRTL

EXNERE

(1) XA FGABAM S DR
(BB AR E T A AT L
A A 2Py & LB A KL
FALRRETHDH Z L E TR
A 47—/ (100 g/Bt) 12T
AlEo

(2) 1L kPA4K: 1 % fii
M L7321 Co
(IR IR A 53 i 0D FE3IE,

(3) BL1TH PA12KL 1 D
LCARE - g b b in,

(1) A AGABAMN S OBRALIIG ZATUY, /N
A F2PyZA AL TR A — LVES « kLA
RECTHDHZ LEFEIELT (50 g/Bt),

(2) A M RPA4RL 2 ] L7215 “COIKIR
WEEEE iR 2 F20i L. 75 H Th4 %ENRYT 5
ZEFEREL T,

(3) BATMPAL12KI T DLCARKE & FhiE L 7=,

N A T
ok JEEE 2
50 2-8
7Ry
A AT B
I 5 Bl
A%

(1) A{LHKGABAD & D
BAUPOS AR A L, &
B BT 2 H AR A
A FGABAM B DBV
JEFEAELAT (HARIEES80 %)
DRI,

(2) GABAREH LIS D L—
NGB D SA A 2Py L1
RFEHC L D HL— MRV A
o

(3) /A AGABAH kT /
Y —TOHEHA - K Fkx T
AR A —1 (100 g/Bt) T3H
it

(1) AihEKEEOGABAN & D2Py ARk %
Fhiti U BIERZETH D BURTS % & ERK L
77 £72. A FHEGABAN S D2Py &AL D
[FRRICARARIE CTd 2 DURTS %k 2R LTz,

(2) GABARRH LIS DIV — R ine D8A A
2Py#L EARFHZ X 28— MRV AR & i
L AN AHRITNVE I VgL — ERELETH
HT EaHRHLL,

(3) IE L7231 A Hi3k2Py ) 5 PA4T R A
r— VERlEZE i LA Y ~— BTk L7z

(30 g/Bt),
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TRENa )
i Pt & 5
A o3 R
2 312
eSS

(1) A{bHkPA4%Z v
OECD301F 5 4 4y fig L3R
BRCD A T = K LR,

(2) AbH PALK 1 %
M L7 FEMESRMFLS CT
DARIR I E A 53 i 0D SE5IE

o

(1) 1L H3kPA4/Z CTOECD301FA 45 fif A 7
= A LR O T2 8 3 RALEE IR o 7Y v
% o hE ., BUG U7 gt 7 v o 3R = BkA L
77

(2) i HRPA4K 2L L7215 ‘CORIR
WEEA iR % F2hE L. 758 Thd % ENfRT 5
ZEREF LT,

2 R4S
W\ e
pnE s A
I FREIE

(1) LCADF =FHRFF -
FEAMA RS DERIR K O E,
R—=R T A L7 HBUTH
PA12%i+ DO LCA R % B
LEAONE 't AN T bbb
& W5 & FE i,

(2) A{bHIk - /N1 A PA4
k7D 2 MRE - LCARK
B PR AR,

(1) LCADH =FHRAE - FHMBEET DR K O
BE & S L 1AL 0 A AT, BT PA12K:
T OLCARKE % Ehs L5 T L7,

(2) AL FKPALKI A r— T v TRIEE
i U A AT e T e AR R ATV R
FEFRE/RE A - ki b7 vk 2D E1T-
2o AL H SEPA4RI ¥ DRE BB L OWFgE
AR S LT,
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