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The separation of hydrolyzed chiral amino acids in multiple components, such as high-molecu-
lar-weight interstellar type complex organics, was verified to compare with meteoritic amino
acids. Reversed-phase high-performance liquid chromatography (RP-HPLC) gave * 0.34%
(n = 7) regarding the standard deviation (o) of enantiomeric excesses (%D — %L) of D, 1-alanine
in a hydrolyzed fraction of complex organics. The chiral separation of D, L-alanine by the RP-
HPLC method might be more convenient than gas chromatograph combined with the mass
spectrometry (GC/MS) method in asymmetric synthesis verification. Possible pathways for the
asymmetric synthesis of amino acid precursors (not asymmetric photolysis of monomer amino
acids) were considered in terms of the detection limit of statistically significant enantiomeric
excesses.

Keywords : chiral separation ; asymmetric synthesis ; meteorite ; complex organics.

FO o7 IV EEFO T I/ BTH L. HRRL
3, BT IVERy-TI /By T IO

7 IR, BN DT IR SN AKEE  bTET S, T, YU EEBETAT I BT, 1
DFTHBH. TIBIIHETIMER, BAOAWEZIC AKOTIVEIrLGHEEREINL. ¥ U7 BUANOEKSR
ERBERTIEACAMLFEEIIBLAANIE, £ OB BZERTF P77 H  OMREEY) (213, KHEY
AEBRCHERTORAICHIEINL LI Tk TE T, THhoTOMEWTH > THRITWIC pART I ) BAHE
BT R AR IR H 2 A ETE L FE R D 290, $£72, EGoBILE L DITHWISWICY V5
FEHIZBVWTY, ZLARVELEL > T2, BHIO#H  EHhTofk7 I VBAEVHARE (5€31k) §52 L
HEGDY YR BEWET 57 3/ BOBMIE, FFR bHHI, EARZIHAKTIVBTHA. H4% Miller D

1 ¥ =]

EBRO L) IEEMICERSNSE T I JBIE, Sk IE
VIMATATECOE N EE R AT 305-8567 KRS LIETH . R 2 g 3 13
H1-1-1 s 7 R THLEOE YN HEMRT 27 I /B, 1467200 T

PRRIRE KRR B LR 240-8501 MAIEAMETERE DD, HEMRIITEIEKT I BIrLIES VN7 ED X
T BEERS 79-5 N = s 2 - < 2 S -
BNTT7’1>7U“/X5_‘A4V?‘7V~“/E{Vﬁ)f%{‘jﬁﬁ;243-0198 ‘() Jﬁﬁ%%ﬁ/ﬁi?éa—kﬂifg‘tib‘ 7~./E§®T%f£§
MENEERTHROEEE 3-1 WIZE9 5% % 21X, 19 D Louis Pasteur 12 & 5 #4855

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

1508 BUNSEKI

Fig. 1
A “chiral” molecule is one that is not superimposable
with its mirror image*".

D-, L- form amino acids and handedness

FOREFEEORRILFE G F I BREAT AL, 2
DHEFERBL I EEERIZOWTIE, Bonner (1991)7 %
KH (1980)° OENLRHSHS. AWTIE, EkHH
XD BAH D 1 o 72 BIEET O 5 5 - KM AT B 1
EINBT I BOTALER LB S TH )
DI & M FF GR T O+ R DTRAE A RS 720, 20
SRS % 1T o 7 O CTHES 5.

2 T3 /BRONFSE

RER207) 3 R y-7 3 JBEBRIRESNDIES
YO WT I BP0 T I BICIE, oL Ao
DVARRME (FGREEEK) PHFEET S (Fig. 1. Rk
ﬁkWﬁh&%?%ﬁﬁ%ﬁﬁﬂ&@?%?%ﬁ%%@@
s, T/, AFLEFORBERALI L2 OTER
(ZFrFt~—) LHMENE. BEYWLZERBRET
i, ARESHRAEIRRAEERERL 2 0RD
(B 21X Strecker JU), p-:1-= 50: 50 DTt IKEE
W LTHERSINS, VARRET HFALMEL Hviw
BB RS AFTERE VDY, T2 IKERFE
BRI TETH L, 2F ) RFEGHOEMIL, REIZ
H#ERL, ERHROSVIA ZHEFEESRTHS. Th
SOHEERITLE, DTOXHIchs.

1) fERALE: BRLoBBCTHET S HE. BRS R
EREERBEREDET.

9) yux bro7E: H720ORFRLEOHELE
HAEHBTHE VTAFLVEv—ikE &t

3) BERNSEE:: BREOMMKFREEEZANT L.

DR, 7T/ BOLERBICETIMAELE
BICHERT 5. BFEORFACAATOFEERDICHET 560t
FREBITLTC, 73/ BORFEEICHT A ENI
THEAITbRTWAS, 73 /JBOREORLEIL, KE
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BMAKRE (b/Lb) L FrFABRE (% -%1) 35H
b, BlZiE, p-:1-=49.0:51.0 DA, RFEMKIZ
D/L=096 THH, T+ rF+BEFII%D - %1.=20%
ERET D, —HICT L IEKOBRIZOVTIE, HgAKE
ALOMEEHOBRRICL T, KO SHEEICHHTX
39,

(117t IEBAEW (racemic mixture X i conglomerate) :
HAEDHFEBEAREROFETNVEFBEIZRLEYV G- T
5H0.

(2] 7t 3MLEW (racemic compounds X i racemate) :
FEENVEOHEBRAEL ) LIEE L TENFhOHERE
HREFRLZL-HEOFTFILEMERERL TS
D.

(3] 7 & I BB (racemic solid solution) : $EEAE LS
LAEEDOEHEIZETH—EEZERT 55 0.

CORHRIHIDTHNIE, T I BOBNAE I
3, X IREW O] OoX) 2 HEWEEHVS A F—
ATHY, MMAFERIE, FEILew [2] 0L %
WEDEEHWAAF—LTHEEVZ L) (Fig 2).
EHWEICEINILEMEET NV E LA AFER S
HiE, BERGTREZLERTROMAEDLEEER LK
IEREBESSAEDLWVWEER 5.

B, AFMECHRZBCROAERIGERE, wb®
LA RFRR I EEROERERW, 73I /8
O pfkE AL OE () ¥ F 4 BREE) PEFIIBNT
HY, FMAEE L. Fischer i2&L o T, WDOTHEEK
LRABEVSERSINTERY, BELZBERTOT I/ BO
MAAFERZ®E LBk R, 22 TRETIR, %
BUEET LT I BRO oRE EDRFESE R SHALE
ICHEL, TOFMEDRREZERLZ. £, KOS
BEAREZHCAEE/ v =TI/ B (BR5R) OFF
SRRCEBREBTEIRC, REEAVCARPICEINS LD
LEaTEROBMARY SRDR) 5O OB AFTER
KEET 27200 FEETo7:. TOERR, SRTRE
BWHLT I BESEHECENTE TWE 2 L OEH
(Thbb, HEGREFRLOFHBELZHBLI L), Mt
HEZEIHNT 00+ FFBRROEERE (o)
RUOGHE (n) ORFETHIZETHA.

3 % B

3.1 & %

FTRTOERREZ, AERR A MKE, 44
> ZZH#k % Millipore Milli-Q LaboSystem™ & U¥ Millipore
Simpli Lab-UV (Japan Millipore Ltd., Tokyo, Japan) &
DU, T/, HHLZ Pyrex 847 ABERIX, A
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(a) Scheme of asymmetric photolysis

L-form e.e.
CPL irradiation
i R-CPL or L-CPL p-form e.e.
—— Monomer amino acids —— ‘
Racemic mixture: Free analogs “Photolysis ” of one-handedness Chirality

(b) Scheme of asymmetric photosynthesis

hydrolysis

CPL irradiation

R-CPLorL-CPL  pydrolysis p-form e.e.
Amino acid precursors* —
Racemic compounds: Bound analogs “Photosynthesis” of one-handedness Chirality

Fig. 2 Relationship between (a) asymmetric photolysis and (b) asymmetric photosynthesis
regarding free- amino acid monomers and bound- amino acid precursors, respectively

*molecules that provide amino acids after hydrolysis.

others (a-ABA, B-Ala, Scr, Asp...)

Ala

Fig. 3 Molar ratio (mole%) of abiotically synthesized
amino acids from the interstellar type gas mixtures of
carbon monoxide (350 Torr), ammonia (350 Torr),
and water (20 Torr) by 3 MeV proton irradiation

Abbreviation of each mole%: Glycine 88.9% ; Alanine,
4.73%; Serine, 1.14% ; Aspartic acid, 1.13%; Valine,
0.15% ; Glutamic acid, 0.06% ; Threonine; 0.02%,
Isolucine; trace amount; Leucine, trace amount; O-
aminobutyric acid, 3.16% ; B-alanine, 0.60% ; o-amino-
adipic acid, 0.10% ; y-aminobutyric acid, 0.03%; B-
aminobutyric acid, trace amount. The synthesized
amino acids appeared after acid-hydrolysis. Only
trace amount of glycine were detected before acid-
hydrolysis. Fundamental data is cited from Ref.12.

BIC7M HNO; FIC 7RI ER L7z, 2% AF UK
BATECHRIFLTABEEL, 73y afitsn
ot -7 00T TH2FEHBEWTERY ZE2IC
BEL7.

3.2 HUEEYPICHDT I/ BAREOEEYNE
B%

¥F, LTIV EELT I BEEBRA S B AEERE
BCEAMMNICAR L (Fig. 8). MEWEIX, HEER
MAAEZZONLEBMED —~BILERFEFT A (850 Torr)
ETVEZTHA (850 Torr) & KA (20 Torr) %
Pyrex A bV (400 ml) IZH AL, W IERFEREO
VY VTS 7RSS OB TR (3MeV) ZEEL:
(Fig. 4). MBHFO—D>ThLHETHIE, FHEGHE
BRI L2EERTTHE. BIFICL 5 —-RERWIE, 5T
BHHRAKT 3000 Da FBET, BLDO7LVE LT I FiLE
WL BRALEY, EERNLEW R EEMELERY» 5
BRIND I EDRGho TS, FOHEME R % K
SRELTHDTT I /B shs 2 eis, REIZE
WEBRLZOREROE ) v—T I VBFOLDTIIR
<, T7 37 BniEik]™ L E2 605,
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Gas inlet valve
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Gas mixture of carbon monoxide (350 torr),
ammonia (350 torr) and water (20 torr)

Proton beam <

Pyrex glass tube
(volume: 400 ml)

Havar Foil (2.2 um)

Havar Foil (2.2 um) ] Vande Graaff

accelerator

Fig. 4 Schematic view of 3 MeV proton irradiation to synthesize complex organics

including amino acid precursors

P’ beam was obtained from Van de Graaff accelerator at Tokyo institute of Technology.

33 ZWMARICHDT7 I/ BOXEDE

3-2 THR L - HE o BRI, BINKS#E (6M
HCI, 110C, 24 BR) LTHh oA A+ M (Bio-
Rad Co., AG50W-X8: 200~ 400 mesh) Z& ) 1M HCI,
I M NaOH, A # Y Z#KTHIEEZITV, 10% 7~ E
ZT7KRTHERL, T/ EBES BRI 20752
g REBRL, Iml®01MHCI TpH1IZER - HEL
2. RiZo-7 % VT NVFTE N (OPA) % 5mg, N-7tF
NV-¥ A7 4 v (NAC) 2 Tmg ZNENVDrIEL
1ml®0.2MFYBEHHE (pH 10) ISEM 7.
0.2 M 77 BRFREH (200 ul), OPA &7 BEEEH AW (100
u), NAC k7 EEEEER (100 uD), FEHEW (100 pl)
22:1:1:10KFIILEIHII 70y b TR
EEb¥, HRTYTAF LAY —~EFEMMLET- 72
(FV 7T LFEME). 207573 v 2HH-EE
Wikoru~ 757 (GKy7: CCPM II, TOSOH, #H
##: TOSOH FS fluorometric 8020, # 7 A : YMC-pack
Pro C18, 4.6 mm i.d.x 250 mm) (2L, BhEHKE 355
nm & WAL E 435 nm THAEMRH 21T o727, b7 5=
CVEBHT ARBEEGE L TR LSSV T ey
T 03, WERRRRER GAREI A: 40mM, pH6.5) L X%
/= (BEEE B: 100%) ZHWTRDO L IAT- 7.
104 (ABE B: 0%) — 2545 (BEEMEB: 10%) —
657 (BEE B: 20%) —80 % (FEHEW B: 20%) — 85
5 (BEEE B: 40%) — 11545 (BEEMR B: 60%) — 120
4 (BREW B: 80%) — 1354 (AHEM B: 0%).

M S S vick oo LTIy O -2
HARMED S = F ¥ F 4 BRIFLZRD, BORLAELILZ
DERREE RO,

UrtoEBRERZ2 A 7u<x 75 7 /B 5WE
(GC/MS) X BREFBCARRHOGHHERY & e T
EBL/.

3.4 BRARICHDIT7 I/ BOXEIE
BEGROT I JBRE L TEERB 0,77 = (R
98.5%, WEALEE, A0178) % A 4 VAZWAKIZERM L
EHEKBREER L. COEEXKERY 3-3 DERT
JEZBE, MR F Vv F A — D08 ET- 7. HHE
A0~ 2757 (RP-HPLC) Y A7 AiZE—D
DEMFEHLZZ. 70= I 7HEC L ARESEDIER
Mt & 250 b bl - B8 7.

4 FREER

41 ZHRPRIEHD 0,7 I/ BOXRFEHEE ZTOE
HERE

Fig. 52 RP-HPLC 2L B REM R 7 0x M 7T L %R
F. Table 1 ICTF »F 4+ BEFE (%0 - %1L) OEERFE
ZRY. —HOERFIHTEERZ2034% L) HD
TRIFLREIBONLZ LB Shol. Thbb, RER
DEHZ, ERAETHLIBTFHREH 2 SLEER L
DL-7 7=, £0.34 DHEAIZHE W THBEMII b-: 1-=
50:50 Thb. LRFERBEETLTI /BN L, 1L
EAA R EE BRI LBEEERTII Fig. 30X 910, kE
B3DD -7y ORNEPRDRV., 73 B2 MK
THREROBEIMIME- T, 2R 604K IR
WKBAT2Y. REBECARFOT IV BRARREIZOWV
THRBETH B,

331 IRLAL I, REHPLCICEA S TL A S
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LEFEMALENE, WRT CRASES I L THEEMIELS
T 5. GC/MSETELHVWSNRS HCl/ A v Tust) —
W (ZAF AL & MY 7 vt alEEE (7TYvb) kB
MEBFERIZEVBHSRAZ N) 70T T EF VALY
TRYNT I BFEEROTELY BELHTETH .
L# L, RP-HPLC IE T GC/MS HED X ) ITEIRA + ~
rau< 755 (SIM) OMMETELZNEVIEFRDD
5. H#E LT Table 1 IZRFBE VAL S ERINAK M
HENDL-7T=YDGC/MSEICE BT v F 4 #H
EBERLE. I—FVVWARDDL-TI=YDIF VT
FBEZIZOVTIE, GC/MS Tl T % BB R TR
A UREBIE A VT T 3 /BRI LGSV
B 2ho2BE"Y, 2O+ FHBREEOFMIZA
XLERPELFHTH S, Pizzarello 5 (2000)'% 12
I, SHEENLARDEEURERECALD L) 7R

GABA
Gly

D-Ala
- L-Ala

BALA

Fluorescence / arbitrary unit

|

T T T
60 70 80

Retention time / min

Fig. 5 Representative chromatograms of amino acid
standard reagent by reversed phase (RP-) HPLC
method by pre-column derivertization with o-phtha-
laldehyde and N-acetyl-L-cystein

Separation of D-, L- amino acids were repeated in the
same manner to determine standard deviation (0).
Abbreviations: Gly, Glycine; BALA, B-Alanine ; GABA,
y-aminobutyric acid ; D-Ala, D-Alanine ; L-Ala, 1-Alanine

EE, ORIE, VK, BE . SPHEENTEICL 2SR 01T 3 BORFESEOMELRE 1511

BCiE, BA 4 v msiES 2 v I  BRlly 2 AR
LaWEE, HAHRT0S 5 LT GC/MS 2 EIREE5
LT 5o ORI —N—Fy ST A T—A MY
— 7 HBBNY, FRPEET Lo F v F A BEERI
XMTLF ) 72, IEMEREE Gl © & 2wl RetE 2 f5 4
LTwW5', .

D72, PR & %R U2 A F o iR MR A
FEROETZ2 X D HEHEICT S720121%, —FOMREXT
—FOLFrFABREEFML, HZdH)—HOMRET
b —HOLF ¥ F A ERHEFMT S LD REEPLET
H5H.

42 HESRICHB 0,7 I/ BOXFELEEZTOE
HRE

Table 1D & 512, RP-HPLC I2X % p,1-7 F = VEEHEK
BE»SBLIF vF A BRHEOREREEL, +033%
Thot. TOZ LT, 41 DEETRERYLLT I/
B A FEEICEINTETWA I LRI L EEL 5.
MRS ROT I JBTHNETF v F 4 < —ICHFEKIL
L Ly FERA T 22D LD, FARHET
BEIC TS F A BREREWL Z ENTELY, Lal,
MR S o T7 I/ BOKN AT M E BT
DB, FONRERNM R EOE -2 D) —F4 Y TRT
—Y UL o, FETARERKD DT I/ BOT
F U F BRI OEEREDIEET ARG H L. FEA
DOUEOLRRFER S 7 22 FHTAHEL D S ERRN
*EFT2L5OORP-HPLCIZE B 7S VLY MNEHDIZ)
MBI F T FF BREFEOFMIIIT VR TV,
HAFRTE/IN—TI/BOITLIKI—FHD [ &5
EAMREE (e ] Z2REThE, —HoT7 3 8B
BIRWICOMLTABENELDZZ LRG> TW
BTN Mg AZORETHINE IO T TR
bl esiTaso ek, RSy FF
BEELFMET S EATEDLY, 2L, BIVREEL
COMREREET &, BUREBERBT I &) X
T TR RL, y-MICKkENLHSLT I/ BT,
Norrish Type I £\ SRS b2 E 5%, Zoiz, 7
X IKT I B S—HOMRRERE T 5 2 L TRADH

Table 1 Standard deviation (o) of D-,L-alanine enantiomers by RP-HPLC method and GC/MS method
Method Amino acid sample Component SD (o) Number of analysis Remarks
RP-HPLC Standard reagent several +0.33 7 this study
Proton irradiation product multiple +0.34 7 this study
GC/MS Standard reagent several +0.3 16, 27 Ref. 16
Murchison meteorite multiple +0.4 15 Ref. 16
Murray meteorite multiple +0.3 21 Ref. 16

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

1512 BUNSEKI KAGAKU Vol. 53  (2004)

(a)

Axis of Rotation
Rotating

-
e N Magnetic Field
4 \
4 \
’ -~
P ’/ \\ \‘
’ / Accelerated
! ; Electrons in “

NEUTRON

7 Plane of
A "ﬁ /
L\ Trapped / gPolarization
1\ Magnetically 7/ /
‘'\in Circular / O
‘UO\oorbit 7 / b
LN - ’
[ P Synchrotron
, Photons
’ (A1l A's)
P d
Domain of right elliptically and circularly (b)

polarized synchrotron photons

Neutron Star

Domain of left elliptically and circularly
polarized synchrotron photons

Fig. 6 (a) Production of synchrotron radiation from supernova remnant; (b) domains of polarization
of synchrotron radiation around neutron star

Modified from the Ref. 33
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Kinzgl&ERRIZEHL35L, MaEo@EzZHET S
TREMEDDH B ZREBYITRL>TWE I EILRS. R
JEHSHC X M AF R 2 RET A ERD, RGERTF
(gfactor) TEHEEIND. RAMRTFEXDBRE LS ¥
FABFEOHGN 2B MR LR L 72 Bolavaine
(1978)"7 LOWMED D 5 5%, EBEOEEE MR E
BoOBETIE, BEWEOT7 I VBRICHEA L S5 HRE
CEBRBEEOBIMNREFELLBERALH R, 2F v
F A BEEO pH KAEMRIZOWTIE, BHP IR xR
Twa., B—HEOMREGI D % 1€ OB KBILERIME
FHLRTWIZEERLTWA,

4-3 XEEFRAULL-SHOBE

KEDE) BITAF LA ~—E, REEEEE I,
DOFRFEMALEH E IS SEL I LICEY, YTAFLE
< —FEKIT 2 HETH S, YTAFLER—Ehol
b&EWIE, H T4 E QMR & OB -
LFMBEICDENEL L. 207D, LIk LTl
HENTOBERABPEDOERT T & IKThH BRI
THHO LRI, EREREER (ZZTIIHERTFTH
LG FRBEAMEH) CX2EBRYPELELTILIKTD
L EVH A BEIT) OREELY. Bl SN EER
EOHBMTILIKTHLENHITELITERY, ¥
72, REEVARATYOOMEDO L HIZ, =F v F 4
D 5 0ENOBD e, B L ERFAR T —
FD2BEREEIT, BEWSHY L7 — 5B THA
TEEBREL, ZOMAINEELERT HESED BT,
ZD%E, T— 9 DEBE (significance) &, TF ¥ F
FREROEREFE (0) Lo (n) WEKET 227,

HRD LD ZBEANTIRWEADARZ FABREL
TWaEEE (At 3, Mookt Aazheho
Ty RO GMEE M (Kuhn-Condon zero sum
rule) TAHADTABFDORILEICERELZVWEVWIERDL D
20 L L, FHEZ CORRICHET 2 REE
WL Y YRLo BB THL. BEEETHLTHTE
POHBEENRE Yy e b o s BEEIIE, XD S
®H, W, FRAHMCEERE (Fig. 6). ¥—F YV Y WAAR
TL—LAAHRPLRBENT I B RERE) ORK
DREEEZ B LEMICERYT 20 TH L, EitrHwi
ETESFREMERYO LD RERSREEY 2 5 &
LTHRAET HZ e ERENL .

FZT, Fig. 6DEI T AFTICEIVT, 3.2 TH
BL-BOTEEMERYZHY, NTTIA 703 A7
ARFEFIFHAD Y > 2 0 b v BEHER S OSSR EEGE
BeFMRG % IRETT 2 EBRZ 1T o /2. RBEOBFESEIFEIC
I, p 7S O F Uy FFABEELRDILE S,
ERZFNZFROMEEEE CHEETBE L Tniwnr—

W, WK, K, B AWEEOTFRCL B EHSFR b T I BROLFESEOMELRA 1513

PR L CHEINEED 1.7 9 =V & 07 7= YOS
DIF »FFBRENE SN2, APEL L EMRELES
DVTNDEEL D T7TI= VX B L7595y DTS v FF
BWEIERIL, 1% Kil L BD TN TH o 7205, EROTRF
FREBRL IAREN IR L LMELRERTOT I /RO
HAAFEREER L2 VR MY, KBEIE 555 R
HEWICEINDT I JBOXESEL, ARATHLIL
L7,

5 ¥ & ®

1970 FRPHORFEECAADT I )BT IThh 3
Iy, UWMIMBENLTIVBES IR THD
ZEDVHERIVRBEARY A R TIER E FBRT T o TE
200 L, SEmofLRe & HITEEICR>TWA
AROTIVBIFEEREINLLEIS, T—F VI 0A
ARV —WARDOREFPICER R RT3 o+
YFABRE (2.8~9.2%)"0" LA TLHE FALA K U8
PR S I o TWD. 00, KEHk
ERED? D 46 BMEORBICELBRTLALPORETE
WAEH L2 BRI H 0 7%, RO EMAFEET 5 Hi
W27 IV BORFEEPRIAL TV LE2RET L0
TH5b.

HEWHE L TORyNe 5 »F A BEDS, RERICH
WENKE LT FHBEHEZFOREERYICHEIEI R
AAFHCHBESH 20, ZofbEeE, £1455
FRFAEEDOBEISYWEEEGOF vy T2 O EE
RRIORBEEZOLND.

AR E FITT HIC% 70T, FBRHM BB EERET W
POWhERRELEREY 7y Y F 7S 7MESEL > ¥ — oI Th)
4, BMIEEY KRR FRETHHEROETHBERICBILEHL
EFs. 572, 7V VML RFELERD John R. Cronin BEH
1% & Sandra Pizzarello 1+ 51k, FHEZBE 2 WA72w/z K
o —&i, BHEMIEERMBE [No. 14340170], FH LE2ER
FRH, AR ERARRAREMARE [7—x7 > -
K= | O EZT 2O THET 5.
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