FMREFXFS2UTr—DERE
5 B 2= [6] D P s Ye hL s

NTT Y1202 A7 LH

=i B

=l =

CPSt=7—
201058A11H #MRAXRFRERFMREEYY—




SRR TFD¥X2VUT1—

ca-(H) 7=/ XKFEH. AILIKFVIECOOH, 7S /ENH2, 8LUV7S/BE%=
FEA T SRIEKFE (OH, COOH, SZ&8) RY, KFCZHD (FFPFD) KM
HFBEZRER L THRS,

COOH COOH RIGEWIRIEICE>TH

- 2TV
H Glycine H

REWTHRIEICE DDA FLERBELSHEW FIILTHS

COOH COOH
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o MEKIRIZICH T DAFTFHIRIRIT (Terrestrial Scenario)
HIRMERE. AKNELELYE etc. —  (RIAGRR

 FHRIBICBITISAFIRILF—IE (Cosmic Scenario)
AR TR EHEEER — @A
AV {RIBE TR Anmssdlbr b (58\v (W) #HEEAR)

— WHPRER
SIE3E

c XEFERMEMRBODEIBTIRIVF—2% (Intrinsic Scenario)

NV 7 1 FERFIC S SHWHFEDEN
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Terrestrial Scenario

WIKIRIBIC B 1T S AFHBRIREE
« BIRRERE
mmEAICE D, XFREFEICREFIEDE,

\ 4
Z HaC, [ H,C
:’8)(’ ! )._>1Z Aldehyde 1 ‘_' >z
— M CHy \HsC VB he
| d-Quartz -
Portionwise addition
nce for Sertes A,
twice for Se B=E
H4C. ,CHa
N""‘JOH
P
H,C Z=
=] H3(;>/
HE CH;
(5)-2

with high enantiomeric excess

”d- and l-quartz-promoted highly h
enantioselective synthesis of a chiral organic e /N /He.\ (MG
CH 1

>""Zh Aldehyde 1 & :-,'H_,C>,,.‘Tzn

29 - ‘ b J -
com.pound Fauariz) " e /e - 2 HCI_
Soai, K. et al. J.Am.Chem.Soc. Vol.121, p.11235 orce for Series A

tvdce for Series B-E
(1999) - HeG. O,
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”Selective adsorption of L- and D-amino acids
on calcite: Implications for biochemical
homochirality”

Hazen R. M. et al. Proc. Natl. Acad. Sci. Vol.89
p-5487 (2001).

FRAEREANDREMRE/N
Y=V ICHFRIEFHDEZ
il
”Formation of chiral morphologies through
selective binding of amino acids to calcite

surface steps”
Orme, C. A. et al. Nature Vol.411, p.775 (2001).
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Cosmic Scenario

(Asynunetric process ?)
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Interstellar dust
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Synchrotron radiation
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Meteorite

Neutron Star Super novae

1¢ earth
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Cosmic Scenario

asymmetric chemical
process on comet
or metoerite
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Interstellar dust

°* Yadiation of
Gl ynchrotrgn radiation
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ral impulse
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Neutron Star Super novae

The earth
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Cosmic Scenario
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Interstellar dust
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ral impulse
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Interstellar dust
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tchiral

ral impulse
Cla

C omet

delivery of
chiral seeds
to the earth
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The earth
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Cosmic Scenario

preferential asymmetric chemical
synthesis process on comet
or selective % or metoerite

decomposition _{ L —— -
0 9 Z

Interstellar dust

de l iver 0 Cnet . . .
E ly J; " Yadiation of
r mchrotron radiation
cniral seeds tchiral impulse
to the earth T

Meteorite
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chiral purification
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The earth
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Chiral Impulse
- REEFE—L -

AfRELIEFiR (SBAEEHFADES)
sl (s inslte P
E Helicity

- EgEERETEEE s
ﬂ)—) ;A’ wA"» hk h=s-p/|p|
TR O et il | left-handed (negative helicity)

right-handed (positive helicity)

AEVRBE TR

negative positive

helicity A helzczty
","

\V
L e ——

spin 1/2 h=-1/2 h=1/2  positive helicity (right-handed)
negative helicity (left-handed)

§
AR
¥ >
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(%) Synchrotroniit#sl. FEXIHEIEL. MieflEl EHEAETIER
(MBEELDHEEH) ERBLIUVEINBFMAORE EHHEIERS

o A FIRIEDHI
FiEFEPHEREDBRISHESFHISDI 70 AV
meRERSBICEITIEEREEI S DRIELE (FillzRSH D)
REVPEESEXTD Rydberg Matter it

neutron star

DSt 24 ) 1)

synchrotron radiation

(both positive and negative helicity) helical undulator
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525 . SSREEIE TEe . y
£ : ”Circular polarization in star-formation regions:
—‘; [ b Ld [ [ d [d [d
2 | : Implications for biomolecular homochirality”
k) I 1 ° °
220+ ] Bailey, J. et al. Science 281, 672—674 (1998)
S | :
15| ] a 16.0
[ 2
14.0 #
10 I raaad g g g a b a g e b e b e ] .1' v 7." AL 4 RS 12.0
0 0.5 1 1.5 2 2.5 2 BPHATRR AN . ¢
Wavelength (um) SRR y @ H100
__i EX)
g 23 &8 4 R'CPL
SN e o e e 1 M LS TS 8 #{ He.o
= = | > = i B '
reEERE (AVAVKEE ¢ ‘0

ERRPRDEER) H50MREY

it e
BUEL R « | L-CPL
4.0 %

Fukue, T. et al. Orig. Life Evol. Biosph. e
Vol.40 p.335 (2010)

A.A. (J2000)

circular polarization (%) in the Ks band (2.14 pm)
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Kamohara, M. et al.
Rad. Phys. Chem.
77, 1153-1155, 2008

A&l

Kaneko, F. et al.
J. Phys. Soc. Jpn.
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Izumi. Y. et al.

Journal of Physics: Conference
Series 190 (2009) 012209

SR-CD beam line: ASTRID (Denmark)
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AfREESIC S D AF P EERR

R R DAREEAFT I HEREGR = EH

Me—CH-CO \'/M" 280~ 300nm aut9.78" {1dm, neat )
Kuhn (1929) e-it-co-( -

e - ;l..": "-'..-f x
@o—[,04" l1ldm, neat)

149 PR & SEESEREHE D (X

JIERIAED. el TRERBOS: BALEs

B 7 = /BROMBEXEAFT I EEERR
DL-Leucine: Flores, J.J. et al. J. Am. Chem. Soc. 1977, 99, 3622-3625.

DL-Isovaline: Takano, Y.; et al. Orig. Life Evol. Biosph. 2002, 32, 447-448.
DL-Leucine: Nishino, H.: et al. Org. Lett. 2001, 3, 921-924.

Et7 = / BOARXAETFERRNR

DL-Leucine: Kodama, Y. et al. Proceedings JSSRR annual meeting (2002).
DL-Leucine: @ Meierhenrich, U. J. et al. Angew. Chem. Internatl. Edit. 44, 5630-5634, 2005.
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(%) FFEvrPREFOLBEET HBUWHAEFA (WHEER)

(MEEDHEFR) BBEEF LI FAERFEDHAER
AEVMERSIC K 5REFESIEEL

 Ab VRIEZEFREDH
BUHTEIRFZDBRIRICE S B-BEREFHE (n > p+e+v.)
HBMERFAECHYEF Fireball b5 DEEE B-ARiREFHIL
negative positive (KFVR=2—FY/HiL)
helicity helicity

s
Pk A /\ B-ray electron
o

- > p ; : i
B i p (only negative helicity,

h=-12 p=172 left-handed)
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(MEEDHEFR) BBEEF LI FAERFEDHAER
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« AL V{RIBEEFIREDH
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right-handed
anti-neutrino
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0Co — 6ONj @> <@
As=1/2

s=1/2¥ right-handed

left-handed ~ e
] h=-1/2 hi=SE 2
electron e 1 Vil electron
v
: 4 27%9Co0 —28%Ni + e + v,
right-handed ¢ (A s=1/2
electron ™ n=1n AEE L it

@> REITRDIL R TIIIEBHR
HELSD (WHFEDEN)
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”Electron dichroism: Interaction of polarized electrons with chiral molecules”
Kessler, J.; Phys. Essays Vol.13 p.421 (2000)

BREBXFNBOESHIZE (FRYORENER)
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— BERUAOFIFILEBR v Alon"Mgtettr.

p—ntetv,
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Intrinsic Scenario

COOH
NH,~C—=H
CH,

L-alanine

COOH
H=C—=NH,
CH,

D-alanine

AFREFRICEBIRILF—E

Epv=EL-ED<0 ?

(Epvs parity violence energy difference)

L-7S/EED-7S/BEDRE?
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Hegstrom (1980) EpvitEXXDEH

Mason et al. (1983) 7= /HETHERE
Eov=1014J/mol NhEBES!
AV 7AX=vavicED Epv FEHE(L
EIERE#H A EY

Kikuchi et al. (1995-7) RREIELTHHE
HERTEEVWDHEEN

D.Fitz et al. (2008) ISSOL ZEHEARNZEAH
Epv RIERIICIEM Epv=10%6°-7 J/mol
S (d.f) EFOIR?

MacDermott et al. (2009)
OLEB(Orig. Life Evol. Biosph.)L E 1 —&X
AV 7 AX—2 a3 PEERBRREIE Y ") 7olkE
v—FY BEADI%L-T1VI\Y ViBRE AR EE
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Bz HEITSIETF IIEESADAREMRZRNS,

—_—

RIBEFE—LBE

(AFEAXFRBDIVIS
F2EIVIBTPI/E AEVRIEETFIR) HIRE
(EHHEIR. KiER) EEEAE (=& (CD))
Hd3WNI IFF4BH (FF70OVH
7 =/ EERUBR{A (HPLC))
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AEVREEFRZEA L. AZBEANY MVPI TV F4BRIOD
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c P /BELUVT7 S /BERIEHKER W Crucible

(1) DL-Isovaline (lva)
(2) DL-lva-Cu complex

DC Power Source
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[RAEPFRABRUICKEITISITT > FAiEH

Isovaline (JEY VIN71Ea-XFIL7 = /)
Murchison FEAHT10%E_EDL-{4:8%1%#1;:1
S.Pizzarello, J.R.Cronin (2000)

a-KEFPI/B

St S (L St
REVIC 7S JBIC

EEhi: _—

B IFIFA

BPS /8 a-XAFIVPI/BR" BEReigs
T S{EE I

flillchfca-XFIV 7S /BEOIT T FABHIE. ERMIELTIEN
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T !
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S.Pizzarello, J.R.Cronin (2000)
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REVIC 7S JBIC
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Isovaline (JEF VIV a-XAFILF £ /E)
Murchison FEAHT10%L EDL-#:8% %2 8
S.Pizzarello, J.R.Cronin (2000)

chiral impulse
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REVIC 7S JBIC
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Isovaline (JEF VIV a-XAFILF £ /E)
Murchison FEAHT10%L EDL-#:8% %2 8
S.Pizzarello, J.R.Cronin (2000)

chiral impulse

a-KEFPI/B
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7 S{EE FE={t
7 S JE&IC
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-712:“/7 iﬂiu \ I-j—yg‘.;l-
XFWPE/R
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Isovaline (o-methyl amino acid)

L-isovaline
[(S)(+)-1sovaline]

COOH COOH COOH
H,N=C—=CH, H,N~C—~CHj = HyCH,C=C—=NH,
CHCH,CH, CH,CH, CH;

L-o-methyl-valine L-a-methyl-butyrine D-o-ethyl-alanine

g A

COOH COOH COOH
H,N—C—<H H,N~C—=H H~C~NH,
CHCH;CH, CH,CH, CH,

L-Valine L-o-amino butyric acid D-alanine
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AREXRHICE SAFTTURR
1. EMERY (7S /BB OREVNER

Eﬁ%g*ﬁﬁaﬁZ/\w Gas inlet valve

1

$*m§§ﬁ (E? E‘ l‘) Hﬁag' |\ Gas mixture of carbon monoxide (350 Lorr),
— | g =
E 1 E 7] ﬁ ammonia (350 torr) and water (20 1orr)
( )

CH: + NH; + H,0 =5—35E5RE el 22| o
CH:s+N; +H,0 9198 I'/ | . 4.0 Mev p+ﬁﬁm}_‘:ﬂ
CO +NH; + H,0 ERJE - EE8! \_CO + NH3 + H,O /»~——~,‘—l\,\;.
CO +N; +H:0 [RigiEksY Py Ik — ’

CO + NH3 + H,0 - .
YyabOYEEYX (NTT-NAR) D7 o F « J57MESE (RILX)
DSDENE (<10eViEiE) HBEd DS5DEFiR (4 Mev) B85
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ARt IC L D FAF IR EER
3. AEXENEOEHEERYOT S /BRI G

Enantiomeric excess of D, L-alanine in the complex organics formed by
ultraviolet circularly polarized lights (UV-CPL) obtained from a

synchrotron radiation (SR) source

UV-CPL Energy Enantiomer Enantiomeric
deposit ratio Excess
Beam eV Yol Yol YD —%L o
None None 50.00 50.00 0.00 +().35
RCPL 1.57x10"" 5022  49.78 | +0.44 +(.31
[ LCPL 1.57x10" 49.68 50.34 —0.65 +(.23

ARELENROEBEFTEYD SMAKDPEHEL L7 5=V EXFRIEFDRD Ziki

(AAREX-DFBER - ZR{RY-LiFBR)

ARABEHICESIAFTIETORD (H-BHZRER) EEERBEDIRAR

“Asymmetric synthesis of amino acid precursors in interstellar complex organics by

circularly polarized light”

Takano, Y.; Takahashi, J.; Kaneko, T.; Marumo, K.; Kobayashi, K.

Earth Planet. Sci. Lett. 2007, 254, 106-114.
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Light Source:
UVSOR-II (Oakazaki, Japan)
Free Electron Laser (FEL)

Circularly Polarized Light (CPL)
Polarization Purity > 98%
Wavelength A =215 ~ 6 nm
Total Dose ~10'¢ eV (2~10 mWhour)
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BAEDRIRE (UVSOR-II FEL)

72— RSN
BRI TCEFZIRT
S « ZEHEN

v
HHETFL—Y—#ik
RHBICE 5 S BRI
+ WFE—LEOEEER

BRI - ek

v

AREXEISIAOVE l"‘ MiEsk
ANJANTIaL—51EA |

BT ZIRnnER) E -'; "; N | Pﬁ* HE%E > 98 %
= TN o @it AA/A~1/5000
i ‘ =l - IND— 250mW (216 nm)
BRI 214~800 nm
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PREE: 165 nm < A (N2 Atmosphere)
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AREE: 130 nm < A (in vacuum)
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ViREETR (Bix) KK

P-ray Source: Russian Federal Nuclear Center
Chelyabinsk-70 (Snezhinsk)
M0Sr - Y (50 Ci) Electron energy 0.1Mev
Irradiation Dose 2.5%10° Gy

B-Rays Irradiation
In Snezhinsk, Russia

= Amino acid metal complexes or amino acid precursors were
irradiated with high flux g-rays from a 29Sr-29Y source (50 Ci) at
Snezhinsk, Russia.
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