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[ 44]C> 	r It 	Agi*IL'altOffita—ffilENIN7T - 	--e6c. 

[45]C o It 	Aai2tiE-atto 3 7 °C (3 1 0 K) 1,:.:80- Zfata — falibmgR 

7J - >4 -CZ„. 

[ >46] F e -It 1:ital7t4E-18-%0Dfdtg—fictib:::0 -,-- 	--- 3 60  

[>471AM751,:_OfilThf11:5 -ttcltle7TVAA>4--eZ. 

[>4 8]fiTh5\ 60ML*11f-Atc t) aMliM (IIII) L WA, 	7it Wit 

--ec, 

[ 	9]a7340 ) Pa 	- 	CO6 

[>410]10141i-Nt:ffi3841.7L-104140 M R I -eo S N R 51i1P-,i- 	.7-j--Ititt 

>4 --e c, 

[411]71,:.- 80•6)< -3)-7Rtz.-3-4F e t-  1. AfiWfb-atoD5IM 

711- '4,4--eZc. 

[412])< ----,)-71ZA1-Z F e It I. AOME-altoDZM 	T'ht"-* 4  ---e.b 

0 

[ 413]F> 	e It I, A44121KiE-att:=A1- 	L 	I- FI ))J)1.1,-400AtiiMi--,1-  >4 T 

o 

[ >414] F e it 1, Ali1t1b-attz.:8 0. 6falt'Ct1. L Na'a._ErrOrA* --,T 4T 

Z,:, 

WO 2012/172892 39 PCT/JP2012/062016 

[0149] 

^S+J-is y$£w\i&ms 
RXfZ(D±mV-\yymWit^^t^ M^H^I £$!#*?" if T? 

[0150] mmmt (TG) 
(DTA) 

[H3]M n +ti, 

[H4]c r vuymMt^(Dmm-m\tm^^tmxh^>o 
[H5]C o-y-l/yffiMt&ytHDS 7°C (3 1 OK) Kfctt£fi&i§-i8rtbffl*££ 

[H6] F etb >mib^®^§-mibM£^t"ll^fo£o 

[ H7] ̂  M 7 7 x n izmm^ % s & tew m z igs®-e & § „ 

-efe^o 

mmi%w^mzw.frntz/i%&mm,(DMR i •^©sNR^^^^-r^tt 
mxfo&o 

ymwit^<D^ 

o 

[H13]F e-y-lsy&faik'&WMzttT&tz 

[H114] F e+fb >$gft*b£t)£33tt£<b)^±^0M& 
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[ 	15]'7 	') J 	am L L -c F e it i. AlotKIE-atuAa Lit EMI: 	A,fal 

Vi 	Fla 1:1 L tc_- 13;-- 1011%1 L 21. ± Ig-FI  L a) r4 * 	7i- ;4z 	Z . 

[>416]iTt 1=1 	a Au L L, -c F eitl/Agi2tKIE-atuAaLk- Birffat:.-...3-dAja 

tiiEFiliii Ltdit--a)HirmL21..-hrFILor4*- 4--C'Z. 

[ 417] 7 -t 1) 	*a/3z Ve iT t 1=1 fJ 	6:.-...3-.5Afati 	Rau L it lig aNi IV L21. 

_higF'La)134%.4-ez. 

[418]2f4OF eitl/Agi2tKIE-alt7ti=i— t:.-_g/F4t.,7-L- t-.7°)14:3-41_, 

1E 	MA CEM41-  L tc: lit-- 0 Hi IV L 21. ± Ig-FI  L a) rA, 	7i- >4 _  

[0151] 

RIEIAAJA-4-67-c.-.603:fge, 

(-A-rou 1 ) 

*ft EIJI okMit i, A-gi2tKIE-at 0)11'1 	;zg) ,:t -3 t :.-.. "ff -D tc . 

Step 	1: 

CHO 
OH 	 OH 

HMTA 

02N
..---(- 

PPA/100°C 	02N 
C6H5NO3  

Mol. Wt.: 139.11 	 C7H5N04  
Mol. Wt.: 167.12 

1 	
2 

25g 	 57% 17g 

[0152] 4 —= 	i=i7 i i —)I, (4-n i trophenol ; tat 1 	(compound 1) ) 	; 2 5 

g, 	0. 	1 8 m o 1 , 	,N*1j- )< 	1, J5 F 7Z J 	(hexamethylene tetramine 

) 	; 2 5 g, 	0. 	1 8 m o 	I, 	t') ') > 	(PolYPhosphor ic acid) 	; 200 

m I OD Mat 	1 o o t --e 1 Hi IV It 1-1-' 1_, tc . -Z-  0),1, -z-opm-at 	5 0 0 m 

I OFIIFOgtill/L 1 L 	( 0) v HO 0)7.1<0)ifi6:Att., 	-A- 6:.--g11 -Z Vett 

1-1-' L, AL-. 	-,3_ 6 vz..-t.ogAt:.-.. 4 o o m I aA/FRi)1/3a)iii---e)inA.tc_-  L a.' 6, 

-t.V74',4-Yt 	2 -DoM6:.-..3AtE Lk-. ;Z,:.-_, 	a-  a) 2 -D OCt:.-..3AfE Lk- g',4-03\ 6* 

OM 	ER t) It 	, 	t) otat 	ilattgAIJ--e 2 III A341- 1, „:,:;,* M g S 0 4 (0 

7 	,:>,,./,.) --etV31-,3_-fttc_liim, 	4I Qt 2 	(compound 2) el 7 g 	(IIR 

[0153] 

*5 7 %) -L`"-C,7"cc, 

Step 2: 

WO 2012/172892 40 PCT/JP2012/062016 

*I£EPJP mxfo&o 

[I116]>r-r • ?£S£|J £ L T F e +F U y mWL IZ&Sfcm 

*I£EPJP Ltcl%(D^W[t)^±^-t(Dm%^tmxfo&o 
[mi7]7-tz >j 

[in 18] 2 m<D F e V b >Ml*Z 715 • - X IZm& L tc V~ > 7°JU tCM L 

[0151] (^»J1) 

*fP£©&S-? b >tg<*<b^$i©§!li££&©J; 9 izft^tzo 

Step 1: 

CHO 
OH 1 OH 

HMTA ' 

OjN' ̂  PPA/100°C 02M^"^ 
C6HSN03 

Mol. Wt.: 139.11 C7H5N04 
Mol. Wt.: 167.12 

1 2 
25g 57% I7g 

[0152] 4— z hP7x7- JU (4-ni trophenoL ; 1 (compound 1) ) ; 2 5 

gN 0. 1 8mo I, T h7$ > (hexamethy Lene tetramine 

) ; 2 5 g, 0. 1 8mo I, >It (po Lyphosphor i c ac id) ; 2 0 0 

m I 1 o 0°C-e 1 BI^S^L/Co ^©15 0 0 m 

I 1 L ('J y hJU) ®7K©4ncAtu 5£T?iS 

#L/c0 ^CffflMC4 0 0m I ©fFllx^^U^ d 5s 

2^0||C^lL/co £©2o©*Slc#S&L?d§$fr£zK 

mu<D%t2@L, «Mgso4 ® 
ItV^^'v'^A) 2 (compound 2) 7^1 7 g (J|X 

^5 7%) ^-e$/c0 

[0153] Step 2: 
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CHO 	 AcO, .OAc 

„,-1..;.....,,,OH 	A020 	 OAc 
il 

02N
..),.,_,..-5- 	H2sodrt 

02N 
c7H5No4  

Mol. Wt.: 167.12 	 013Hi3N08 
Mol. W.: 311.24 

2 	 3 

17g 	 76% 	 24g 

[0154] 	tat 2 	(compound 2) 	; 17 g, 	0. 	1 0 m o I, MAKE/FR (acetic an 

hydride) 	; 200m I, 	H 2 SO 4  ; LP )7 , 	-k-.5.1are 1 Hircti---,3_ -ft/L- 0 146 

tt,tc_-gat, 	** ; 2 L 0 iti (,:.= 0 . 	5 HirciA-ff, 	)iiii7E311q ,'ff .Dtcc, 	14' 641. 

tc: g'A-Y 	7 -f )1/ '9.— t:.= 75\ 0-, 	tl,11'1 "-M1:31-,3_ t.  tc L a' 611 ox3i.ita)t, 0)7V 

14 6tt.tc. El'FRI.. )1/ -gtiNg'faq -D -C -t. 0) 121elin'iL:5 fttc La' 6 

1I3 (compound 3) 01E11,41ia 	2 4 g 	ORS 7 6 %) l'41 Z a.' Le-e 

7"c_-  . 

[0155] 	Step 3: 

Ac0 	..OAc 	 AcO —OAc ---- 

OAc 	H2/Pd-C 	 OAc 

I ,.. 
Me0H/rt 

02N 	 H2N- 

013Hi3N08 	 0131-115N06 
Mol. Wt.: 311.24 	 Mol. Wt.: 281.26 

3 	 4 

24g 	 21g 

[0156] 	tat 3 	(compound 3) 	; 24g, 	7 7 m o I L, 	)( '9 ) —)1. ; 5 0 0 m 

1 	(,:.= 1 0%10/7f)r,1x#IEltil.,tc_- t — t% ; 2. 	4 g 0)M-alt—ER,, 	1 

. 	5 td107.KAS_TurfyA:MTNT-c Ltc. 07•1, 74 )1/'9—T63,KiLtcL a' 

6:4.t,EIEPIt0)1E-att4 	(compound 4) 	e2 1 g --e,tz.-_,, 

[0157] 	Step 4, 	5: 

AcO 	OAc 	 AcO 	OAc 	 CHO 

OAc 	 OH OAc 	
di-Boc 	 NaOH 

Boc 	 Boc 
H2N 	 DCM/rt 	

H 	
Me0H/H20/100°C 	H  

C13H15N06 C18H23N08 	 C12H15N04 
Mol. Wt.: 281.26 	 Mol. Wt.: 3B1.38 	 Mol. Wt.: 237.25 

4 	 5 	 6 

21g 	 58% 	 lOg 

[0158] 	,:,:,:,* f) 	DI) 	> (DCM) ; 2 0 0 m 1 tZ.-..IEat 4 	(compound 4) 	; 2 1 g, 

WO 2012/172892 41 PCT/JP2012/062016 

CHO 
OH ACjO 

AcO^ .,OAc 

^OAc 

02N' 

C7H5NO4 
Mol. Wt.: 167.12 

H2S04/rt 
0,N 

CuHuNOg 
Mol. Wt.: 311.24 

17g 76% 24g 

[0154] -fbn"%} 2 (compound 2) ; 1 7 g, 0. 1 Omo I, (acetic an 

hydride) ; 2 0 0m lN H2S04;R 

TIQK ; 2L©^[;0. 5 0|^;Fbtf\ 

tdfefa*. 7 -i )\s$ -izfrtt, i+tz t d 5 0 ©tf 

%bft/co Ml^ T ̂  ©1 b 31* £ £ 3 

s -fbn^S (compound 3) ©fil^nH^: 2 4 g (J|X^7 6%) ifX 

t*tZ o 

[0155] Step 3: 

AcO^^OAc 

.OAc H,/Pd-C 

.1 'XV 

O2N' ^ 
Ci3H,3N08 

Mol. Wt.: 311.24 

3 

24g 

MeOH/rt H,N 

C13HJ5NO5 
Mol. Wt.: 281.26 

4 
2ig 

[0156] -fba"^ 3 (compound 3) ; 2 4 g, 7 7mo I h, * *9 J — JU ; 5 0 0 m 

I IZl 0%(DJ^V^l±&nftLtztl-tfy ; 2. 4 g©M£-$l£-0& 1 

. 5 ^J±©7K^M7uHH^T'ji|l7i: Ltz0 7-i Jls$—VZMLfzt Z1 

5^fe)4^©lb^4 (compound 4) 7^2 1 g "• J5£T'$ 7t0 

[0157] Step 4, 5: 

AcO^^OAc 

,-OAc di-Boc 

H2N 

C13H,5N06 
Mol. Wt.: 281.26 

4 

2ig 

DCM/rt 

AcOv ^.OAc 

.OAc 

Boc 
NaOH 

Boc% 
N 
H 

^1sH23NOg 
Mol. Wt.: 381.38 

58% 

MeOH/H20/100°C 

CHO 
.OH 

N 
H 

C,2H15N04 
Mol. Wt.: 237.25 

6 

log 

[0158] 0 • * *P y (DCM) ; 2 0 0m I iZit'a'^O 4 (compound 4) ; 2 1 g 



WO 2012/172892 
	

42 
	

PCT/JP2012/062016 

7 5 mm o I, 	.;&p:-;-tert-1/1/ 

8g, 	82mmo 1 	'2 

(di (tert-butyl.) 	dicarbonate) 	; 	1 

A 4 # %"" —ERIN I' 1, too 14 6 tt. tc g A (tat 5 

(compound 5) 	) 	,')I1  rriT,45t-,3_ .t. tc_- '1, 	)( 51 )—)l. ; 	1 0 0 m I -"egg 

-ft tc: . 	-t.  0,1, 	7.KRiEt I- I) r,./A; 1 5g, 	3 74mmo 1 L*50m 1 

)iii A., 	5 Hi 17.1 M5A, :35 t.  tc . 	-t.  0'1A Ail L, 	7 4 )1/51---e638 l„ 	*--e a341-  

,1, 	A9Iirri-rtV31-,3_ -fttc L z.: 6 ;4tiLateA. 6 tt. tc . 14 6 tt. ALI Eat (,, 

:> 1)t:-;')1,q-Dtc_- 77,y:>ai=i7 17-f — 2111"ff -3 Z.:LT, 	1 

0 g (JN$ 5 8%) otat 6 (compound 6) 7Y114 6 tttc. 

[0159] Step 6: 

c HO /--\. 
OH (=N 	N 

EDA 	 / 

/ BocHN-- 	>---OH HO 	NHBoc 
H Et0H/reflux 	 — 

C261-134N40€ Ci2Hi5N04 
Mol, N.: 237.25 Mol. VVt.: 498.57 

6 7 82% 
lOg 8,5g 

[0160] ::: 7.1KI '9' I —)1. ; 4 0 0 m 1 Orrit:.:1(;-at 6 	(compound 6) 	; 	1 0 g, 	4 

2mm o 1 	Att., 	)iliM LtSe6M5A-,- -ft„T 7E15' i —)l. ; 20m 1 (,:.:i 

1/J:)77 -.Z.1 ; 1. 	3g, 	2 1 mmo 1 	.0. 	5 Hem. 	LtseiAzom 

Arco 	-t.  L -c, 	-t.a)Mag'ff-Y31(ayb's'-g,°4:.:Att.-cniAfi L 1 5 3•131.17M-fftz-_- 

. 	-t.0,1, 	'5' i —11. ; 2 o o m 1 --e5 	349-  L, 	7 4 )1/5' — 	75\ 0-, 	49Ii---et,  

1;31 -,3_ -ft tc: L a.' 64E at 7 	(compound 7) e8. 	5 g (117$8 2%) --e-a--e, 

tc. 

[0161] Step 7: 

lq- N, 	14— 
M•Q3,T E-7A  	, 

BocHN . OH HO 	NH Boc KA\ ./ 
DMF 

c26H341\14.06 - 
hi01. Wt.: 4.98.57 

0 	0 

/ ComplexA 

8.2g 
6296.(M11-s len) 
54%(Cr'- salen) 	 -*.7g(Mn-salen ) 

agg(Cr,salen) 

[ 0 1 62] Wig or) )( g ) —11/ (Fafrit*Tb< 5' I —11/, 	99.*eft 	5 %J ±) 	; 5 0 

m 1 Orrit::_tat 7 	(compound 7) 	; 8. 	2g, 	1 6mmo 1, 	1) i)l. 

7-1 Z 	(triethylamine) ; 2 2m 1, 	1 6 0mm o 1 	AtL, 	)(qI—)1.; • 1f— r 6 * IOOIUJ09L K \ wz z (8u i uiB] u}) < 

If^xfH v | o w w 9 i ^2 -Q : (L punoduioo) i_ Gft^qjci t^CD I w 

o s • (Ttfr%s -6 6^ vir-A £ ^^qiKSa) [2910] 
(u8ies-j;.))6o.'.g 

! u9|Gs-uiAi)ez-g. (ueiss jpj%t?.s e^g 
• • • (U9| GS-U jA|)'%£9 

v X8|dLUD3 i 

ZS'86fr:'3AA'IW 
j—\ f=\ 

,Wo\ /0_C /) dJ/M'iJ .. /=\ .. . •r=\ •• 
[A| y_J/" ^ oog HN—^ /K0H HO—<k /}—NH^og 

/ V3i/£iDW 
= N ^ N=^ 

•L d81S [L9L0] 
°-y 

(%S8«T) 69 "8^ (A punoduioo) L Gft^qjS 2 :?^£if 

v£h?^-£ir>£ sUTii w0os Mr-^x ° 

'O^l v6g 'i 

xn i w o z : if—z'£x>pi$ 
17 v 6 o I • (9 punoduioo) 9 I w 0 0 P : 1f- f £x>|Zls [09L0] 

SS'8 60l 
L %Z8 

sz zez "wi "ioi« 
'O^N^H^O " 

xnusj/HOl3 H 
008HN—4 >-OH HO—(v ^—NHOOS f^^^ooq 

)— VC33 JL J 
V^N N=/ HO-^T 

N—! OH6 

:9 dois [63L0] 

(9 punoduioo) 9^q><2) (%8Q^X|T) 60 

L AD r, <. 

vW5:a-£ir>£ vnd¥^Go-3r 
I w 0 S>[^ I o LU LU I7 Z. £ v6g L : v6 fi H -AqUl^ 

| UJ 0 0 L 'M—rG* ( (5 punoduioo) 

s^q» i o UJ UJ ^ 8 ve8 

L : (8}Euoqjeo ip (TAq.nq-q.j0i) ip) s\(-£r£.-l*ai-/$ffl^ v| o UJ UJ g i_ 

9I0Z90/ZI0Z<IfAL3d Z68ZLIIZ10Z OAV 
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10m IC)Iflt:.-_, 	Feltl, AotKiLatottiat, 	FeC I 3 • 4 H 2 0 (1-1 

ILA (III) n*firtt) 	; 2. 	7g, 	1 6mmo I 	Mnitl, AtEl2tKILat 

ottiat, 	mnC I 3 • 4H 2 0 (1-11E7t 	(III) n*fitt) 	, 	C r It 

1,  Agi2tKIE-atottiat, 	C r C I 3  • 4H 2 0 (1-114E 	DA (III) n*firtt 

) 	; 2. 	7 9, 	1 emm0 1 	-t- tt.TAISA_A-_- ga2ATS-#WFVFLa 

L tc: c, 	etc, 	C 0 It 1, Agi4K4E-atottiat, 	c 0 c I 2 (Cobalt(II) chlori 

de, Alfa Aesartkp, 	N i It l, Ag12tK1Latottia6, 	NiCl 2 (Nickel(II) 

chloride, Alfa Aesartkp, 	M o It 1, Agi2tKIE-atottiat, 	m 0 c I 3 (Mot. 

ybdenum(III) chloride, Alfa Aesartin, 	R u It 1, Agi2tKIE-atots-at, 

R u C I 3 (Ruthenium(III) chloride, 	Alfa AesarlI), 	R h It 1, Am2tK1La 

tottiat, 	RhC I 3 (Rhodium(III) chloride, 	Alfa Aesartkp, 	P d It 1, 

itsa12tKIE-altotti-at, 	PdC I 2 (Pal ladium(II) chloride, 	Alfa Aesartkp 

, 	Wit i/.itgi2tKIE-atotiii-at, 	wc I 6 	(Tungsten(VI) chloride, 	Alfa Ae 

sartin , 	R e It 1, Agi2tKIE-atottiat, 	ReC I 5  (Rhenium(V) chloride, 

Alfa AesarlI), 	0 s It 1, AotKIE-atottiat, 	7J---.z r,./Aiti. J 3 4<flil 

t(Osmium(III) chloride tr i hydrate, 	Alfa Aesar..I1), 	I 	riti,Am2tKiLa 

tottiat, 	I 	rCI 3 (Iridium(III) 	chloride, 	Alfa Aesartkp, 	P t It 1, 

AotKIE-atottiat, 	P t C I 2 (Plat inum(II) chloride, Alfa Aesartin 

, 	N d It 1, Ag12tKIE-atottiat, 	NdC I 3 (Neodymium(III) chloride, 	Al. 

fa Aesartin, 	S mit 1, Ag12tKIE-atottiat, 	smc I 3 (Samar ium(III) ch 

loride, Alfa Aesartkp, 	E u It 1, Ag12tKIE-atottiat, 	E u C I 3  (Europi 

um(III) chloride, Alfa Aesartkp, 	G d It 1, Agi2tKIE-atottiat, 	G d C 

I 3 (Gadolinium(III) chloride, 	Alfa AesartinCEHOZ L' LeT,Z. 

[0163] 22 '2 A TS- # %, --e 1 HirciAa L tc: L a.' 6 -:4t a) tat eli4 641. tc: . -t.  0)I 

. 	A9'21=1:15-IskiNt7:> ,,./A1-31_,-c+31,:.-..7.1<tiME-1.skiNt7 ,:>r, 

L. t:PRZIt -,3_ -fttc_-. 14641.7L- IL-alt:')Di=i)( 5' 	, 4 0 Om I TAM 

L, ilttgaT 2 111A349-  L, 	N a 2 SO 4  -Mfg -,3_ -ft, A=DZ 	k31 -,3_ -fttc L 

a' 6, 7.1<3 	gt,' 2 ii* 0 kX It l, Ag12tK IL—at el'4' 6 41.k-. 14' 6 tt. tc_IE 

WO 2012/172892 43 PCT/JP2012/062016 

1 Om F etb yffiafoikntyflOltknIt&s FeCI3-4H20 (i 

\U% (III) 07; 2. 7 g N 1 6 m m o I M n Ht b 

(Dmtilt, MnC I 3 • 4H20 (i^bv>tf> (HI) HTK®^) ^ Crt 

C rC I 3 • 4 H 2 0 (i^b^P A (III) 0**0$) 

) ; 2. 7 g N 1 6 m m o I 

L/co S/c, C C o C I 2 (CobaLt(II) chlori­

de, Alfa Aesar§^)N N i +t b N i C I 2 (Nickel(II) 

chloride, Alfa Aesar^)% M o V l> y^Wit^(D^^s MoC I 3(Mol 

ybdenum(III) chloride, ALfa Aesar$^)% R u V~ b Visfr'fb'n^CD^'n 

RuC I 3 (Ruthen i um(III) chloride, ALfa Aesar$^)% R h V b Visfr'fb'n 

R h C I 3 (Rhodium(III) chloride, Alfa Aesar^)% P d V l> 

y^{^it'a!^Q(D^'atits P d C I 2 (Pal Lad i um(II) chloride, ALfa Aesar$^) 

N \NV\yy^Wit^(D^^s WC I 6 (Tungsten(VI) chloride, Alfa Ae 

sar|E!0 N R e V~ \s y§BW{fciil$](Di:§c3l/&^ ReC I 5 (Rhen i um(V) chloride, 

Alfa Aesar§^)N 0 s +t b ^ X $ ̂  b > 3 TK® 

^(Osmi um(III) chloride trihydrate, ALfa Aesar$^)% I r \y Visfr'fb'n 

^CO^M'a I rC I 3 (Ir idium(III) chloride, ALfa Aesar$^)% P t b 

Vis'f^'fb'n^CD^'n P t C I 2 (Plat i num(II) chloride, ALfa Aesar$^) 

N N d V\yy^Wit^(D^^s N d C I 3 (Neodymi um(III) chloride, AI 

fa Aesar$^)% S m V b Visfr'fb'n^CD^'n SmC I 3 (Samar i um(III) ch 

loride, ALfa Aesar$^)% E u b Visfr'fb'n^CD^'n E uC I 3(Europi 

um(III) chloride, Alfa Aesar^)% G d V b y^Wit^(D^^s GdC 

I 3 (Gado 1 i n i um(III) chloride, ALfa Aesar$^) Z. £&!:'?* &0 

[0163] 

s S ̂  ^ ̂  A £ ̂  9IIL T+OK £ $£ lit ^7 

AtCP##p&£3t!;/co 0 • • * > ; 4 00m I 

U MM-e2 0ML, N a2so4-e|g'J:#^^ Ji£*-?££&3£ 
£3, tf^ti/c-fb 
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-altt, 	i 	)1,' —5-)I, 	i 7 7 4 	lOg'farri --eMila :5 -ft 1-431alE 	1=1 
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