/ rtificial Multile—Stranded Molecular elices

Lit. Seminar D2 Part / 2007.4.25 / Kounosuke Oisaki

<AT THE BIGINNING>

HELIX is one of primodal structures observed from microscopic to living system.
Their wide apprarance and beautiful structure have long been attracting

much scientific and aesthetic interest of people, of cource including chemists.

Artificial design of HELIX is one of important approaches to clarify the blackbox of
self-organization process involving emergence of macroscopic chirality.

Such reseaches wil not only lead us to understand complex natural world,

but also build up the basis for development of novel functional materials.
However, we have little idea for rational design and synthesis of
MULTIPLE-STRANDED HELICES, especially.

How can we approach such a beautiful strcutures ? Let’s consider a little. (polysacchalide)

o & -
"‘Bond of Union” by M.C. Escher
(artwork)

helicene
(molecule)

collagen

(polypeptide) D~ | 1

spring coil (material) vine of plant (living)

schizop:hyllan (polysaccharide)

Fig. 0-1. Helices in the world: from molecule to living system

Fig. 0-2. Funcitionalizablity of Artificial Helices
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| Hel . Coordination-Based Archi

Many examples are reported, so far. Review: Piguet, C. et al. Chem. Rev. 1997, 97, 2005; Albrecht, M. Chemn. Rev. 2001, /01, 3457.

DIFINITION: Helices formed in metal-directed self-assembly process

<Pioneering work by Jean-Marie Lehn> Lehn, J.-M. et al. PNAS1987, 84,2565, ACIE1988, 27,1095.

Scheme I-1. Helicate Synthesis Fig. I-1. Background

Cull) or
Cull + NH,NH,
_

B e

CHCly/CH5CN
y. quant.
N*” | # Inspired by quaterpyridine
N (M or (A-[Cu,(BP™,]"* complex reported by them
BP"(n=0-3) deep-red, air-stable solid (Nouv. J, Chim. 1983, 7.413).

# The term “"HELICATE” was firstly introduced.
# Cu* has pseudotetrahedral coordination geometry
# Kinetically stable at >120 °C

# Mixture of M/ Phelicate (confirmed by NMR shift reagent) side-by-side complex
# Solubility depends on the kind of counterion. (not observed)
# Only helical structure is obtained. n

(i.e. side-by side complex etc. is not observed.)

> Helicity (Chirality) Induction He/v. Chim. Acta1991, 74,1841. > Functionalization Nature 1990, 346, 339.
Scheme 1-2. Chiral Helicate Synthesis Fig. 1-2. Deoxyribonucleohelicates (DNH)
N
A
Cut . .
or # Structure is confirmed
Agt by '"H-NMR, FAB-MS
9 # Only two chial centers
are required.
# CD shows strong
A positive Cotton effect
N .~
N™ Estimated as
x (A-helix
n=12 # Confirmed by 'H NMR, TOCSY, FAB-MS

# Interaction with DNA is not investigated
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> Mechanism of Helicate Formation

Scheme -3,

0 —FG
N Cut  FG— —FG
SEG FG— —FG
~ FG FG—
L,Cus
NUFG

L (FG = CONEL,)
L’ (FG = COOEY)

Scheme 1-4. Proposed Mechanism

N

k1/k,|=7.9X1 03

LzCU

L LCu

Scheme 1-5. Overall Process

ky/k. _12xlo3 Ke/K 1 ~31x10¢ ky/k 5=1.2x10% s

Helv. Chim. Acta 2001, 84, 1694.

Measured:
Spectrophotometric titration
ESI-MS in various [Cul/[L] ratio —>
Kinetics under excess Cu*

calculation and fitting
with computer program

Table I-1. l
Rate-limiting step Kinetic results
Step 1
L+Chi=pcy L log fycs = 36(4)
. log 3 8.1(3)
LCu* +Cu == LCu? | log B = 4.0(5)
log fiv = BO(5)
Step 2
LCu? + L == L,Cu? 1 ke =7(3) % 10 p1 5!
= k_2=53.0(6) 5= log free = 12.2(6)
[ | b =20(7) x 10F m 5!
k_a=0602) s = log fiop = 13.5(6)
Step 3
L.Cu? + Cu gmes LoCu? L k& =10(1) x10° M s~
[ kos=73(4) x 10-2 5! log fy cu; = 16.9(8)
L ky=45(9)m s
ka=%2) =105 = log B =16.2(8)
Step 4
L.Cuf == LCu, L ky=2.0(4) x 10-2 5~
e k_y=11(2)» 1072 57 = log By, =17(1)
L ky=3(2) x 10-2s!
k_4=27(2) x10-* 5" = log By, = 163(9)
k
L'Cu*+ L’ ?]._-('u b =17(9) % 1F w1 5!

k ,=022(7) 5= log k/k_, =3.9(5)

2) Solvent: MeCN/H,O/CH,CL, 80:15:5 (wiv); T=250(2)"; I=0.1. ¥)Solvent: MeCN/CH,(1, 1:1 (viv);
T=250(2)"; I=0.1. The errors are given as 3o.

777

side-by-side helical
LCu, L L,Cuy L,Cu, B

ky/k 5=5.0x104 {|(Cu*

Cu® CutCut

K,=1.0x10"

III

S/OW ! 5/0W
helical
LzCU3

side-by-side entangled heICicaI
= LCus L,Cus L,Cus |

Positive cooperativity for the overall process was demonstrated !
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> Self-Recognition of Helicates

Scheme [-6. Self-Recognition of Four Helicates

L (n=0)
L (n=1) Cu?
L (n=2)

L (n=3)

# Predominantly four kinds of helices are generated.
(Neither mixed-ligand helicate nor coordination polymer were observed.)

S

Scheme 1-7.Self-Recognition of Double / Tr/;o/e -Stranded Helicates

PNAS1993, 90, 5394.

i L (FG = CONEt,)

L’ (FG = COOEt)
L” (FG=H)

L” (n=1) Cu* (Ni*+
+ +
L, etheyleneglycol
180 °C, 1h
V. “quant.

all results are
supported by 'H-NMR
and FAB-MS

# 11 components assemble into two higer order strucutures.

# Ni’* has octahedral coordination manner (affording triple-stranded helicate)

> Anion-Templated Control of Self-Assembly State: Circular Helicates

ACIE1996, 35,1838, JACS1997, 779 10956.
Scheme 1-8. Circular Helicate Formation

t ACTR S 7%
H + nQ -— [O + A / / n-mer
- \— _ 0O
_\Df
! LY 2.
;;_f \\\} &

‘.. . \' @': g

conflrmed by X-ray

Table 1-2

iron( 11} salt complex formed
FeF, insoluble
FeClz [3]cH
FeBr: [5]eH + [6]cH
Felz insoluble
Fe(BF) [6]cH
FeS0 [6]cH
FeSiFs [6]cH

(DCCY

[ confirmed by

# Possibly regarded as a primitive case
of’Dynamic Combinatorial Chemistry
(see my Lit. Seminar in D1)

'H-NMR, NOE, ESI-MS
(X-ray was not taken)

the results described point to the emergence of a new outlook involving a change in paradigm,

from ‘pure compounds” to ‘instruced mixtures’, from ‘unicity”to ‘multiplicity + information (PNAS1993, 90, 5394.)
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<Works by Eiji Yashima>

Fig. 2-1. Conceptual lllustration

Furusho, Y.; Yashima, E. et al. AC/E2005, 44, 3867.

Scheme 2-1. Preparation of Heterotopic Helix

Connection of intertwined complex

- Terphenyl

A‘nld ne LL-'LH l::>

Intertwined
binary complex

DCouble-kehcal complex

Chral group

# Use of "crescscent-shaped” m-terphenyl derivative.
# Acid-base interaction is strong enough to predict the structure.

Fig. 2-2. CD Spectra of Amidine and Helix

al 120 DMSO b) {8)1in COCl e
qll (A Iflngn..j.:in ¢ncy, 01 (A n CDCl *,(9]-1-2|n(.l7(-g
1.
2V
LA
: \-_.‘:’/\-f \J \ -
b~
0.5} T-—.\
’\,—\ (A-12in COCl,
(A1 in CDCy ' (A-12inDMsd
0 . - g h i
280 300 350 400 280 300 350 400
Al nm—= Al am—=
Figure 4 a) UV|Vis spectra (0.1 mm, 20°C) of amidine (R)-1 in CDCl, [blue), and complex (R)-1.2in
CDCl {red) and in DMSO (green). b) CD spectra (0.1 mu, 20°C) of (R)-1 (blue), (S)-1 (light blue),
{R)-12 {red), and (5)-1:2 (pink) in CDCl,, and (R)-1:2in DMSO (green).

d=135ppm
(doublet, CDCly)

| K, =>105 M (in CHCly) |

# P-helix was obtained from (A-amidine.

# Helix formation was comfirmed by
'Hand 2D NMR, ESI-MS, X-ray, and CD.

# Cotton Effect of Helix is much stronger
than amidine single strand.

# Helicity is independent of solvent and temp.
(although partial dissociation was observed
in polar solvent, DMSO).

>

Extension to Helical Coordination Polymer
Scheme 2-2.

JACS 2006, 728, 6806.

e

)
1R.20r 152

Metal CoordlnallOn

175 = amidine from (A/8-phenethylamine
2 = carboxylic acid

& 375 = coodination polymer

# First example of double-stranded helical coordination polymer stable in solution

Fig. 2-3.'H-NMR in Tetrachloroethane-d,

Frg. 2-4. CD Spectra in Tetrachloroethane

charge-transfer band

bathochromic shift

N A,

H0 A 157
T
§10
CHy 3 | &
M b
i ‘?205
H =
| 1+2 -
0
PtPh,(dmso),
140 120 80 6.0 40 2.0 0.0/ppm

charge-transfer band

500 200 500
Wavelength (nm) Wavelength (nm)

# Structure is confirmed by NMR ('H-DOSY)
dynamic light scattering experiment, CD and AFM

# These data suggested that 3 has

ARCTETCIAL MULCIPLE-2CRANDED MOLECULAR HELICER
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> Multicomponent Cylindrical Ass

emblies

Scheme 2-3. Fomation of 3.2 Complex

ACIE2007, 46, 2435.

Fig. 2-5. X-ray structure of 3.2 Complex

N

# X-ray revealed
twisted structure

|

chiral architecture

=27 nm

¥ =
P b ol
1:'\ "____.J-.:l Ef—'"
i ! 2 0
LI | ’E'HJ r-r:-_-r:J!--"']';::_u-
Ph ! 2
3 —_—> ]
Ll
A Y e
n;.' ¥ :
.-h;/-p/lo -
oA
n +d |
As 2 +2F
;n:'ﬂ?w" (H)-1 N P G .
ke / # CD spectra unambiguously
5 T 4; clarified the enantioselective
= S i formation of higher order structures.
-4 r’f\\ {2 ¢ # Cotton effect is much stronger at lower temperature.
e N, X
(A \‘\ i R
~ \ = Dynamic character of architecture is implied.
L i i O 1]
250 300 350 400
Afnm— Fig. 2-6. CD Spectra of 1 and 3

MM calcd. structure

Fig.2-7. CD Spectra

structure. ! _

a) CD spectra of 1, 5,

05

IN

~,

I (-1
/

b) CD spectra of § under the addition of bipy

bipy / equiv
-

Alnm

# MM calc and CD spectra suggested
relatively untwisted structure of 6.

# Cotton effect on Soret band (420nm)
is due to close amidine chirality.
(Temperature-independent, and
7 showed similar tendency)

# Additon of bipy induced
Cotton effect on 300-370 nm
and red shift of Soret band

# Bipy NMR peaks shifted upfield.

# More than 1.0 eq. of bipy
weakened the Cotton effect.
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left-handed

€

right-handed  (R)-5+bipy

bipy is encapsulated in the cavity
and induced supramolecular chirality
via dynamic strcutural change.




3 Hydrogen-Bonding-Based Architectures

<PyBOX-Ammonium Cation System by Seiji Shinkai>

Fig. 3-1. Conceptual lllustration
helical aggregate of porphyrins
e,

# Introduction of chirality to ladder architecture
will twist the structure to give helix !

Sada, K;; Shinkai, S. et al. /452007, 729 270.

J-aggregate e
= porphyrin 2!
— — -
[ - tei plate .
L
P

/
fl-aggregnte J‘f‘ st

base

s
' Bl
base -aggregnie

P o
controled PyBOX + thNHz*BPh4 Hy

BFs g& s;..m.m,r.: state ladder-type assembly '

e Chem Lett 2003, 32,758.

Ha Chem. Commun. 2004, 1226.

1 cn-1 23 Tetrahedron Lett 2005, 46, 5347.

_________________________________________________________________________________________________

Top view Front view Side view
" ot
D/\j . \k ’(S‘/\)n
=N (CF38Q,):N n~130
+ PTMI CHClz/MeCN avg.
N 86 nm
‘_)Y Qg O
(CFJSU,]?N
sP Ar: Q_OCIZHE ™ OI 27 nm

Fig. 3-2. UV/Vis spectra of sP

. # ca. 2:1 complexization

Fig. 3-4. AFM Visualization

35 @ EX) ,’5-; (b} 1.0
3.0 i Bs g - ’ 3.0 ™ 0B
v 5"" v Em # Decrease of Soret band
g Suff | -7 g, I (455nm) absorbance is
- ot e o L || attributed to the stacking of
% R o porphyrine. Monomer didn't
”‘_/ os induce such stacking.
N L N - AN
300 400 500 600 700 800 300 400 500 600 700 800
Wavalength / nm Wavelength / nm
+ PTMI (polymer) + IN (monomer)
10 # Direct observation of discrete
" 'T‘“ . helical structure was possible.
i fk ' & sP:positive Cotton
g o—<p P+PTMI:i ive C
E Y sP + invert to negative Cotton
g
o 3 |:|'>[macromolecular helicity is induced !]
l 2 [ sP+IN:weaken
’ 14 the positive Cotton
! : — ; 0
300 400 500 600 700 8OO
Wavelength / nm Fig. 3-3. CD Spectra
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<Oligopyridine Carboxamide System by Lehn> Huc, I; Lehn, J.-M. et al. Nature 2000, 407,720.

Chem. Eur. J. 2001, 73 2810.

Fig. 3-5. Fig. 3-6. Background

RT R R' ' OC1oHz1 i
] ]
H pll H H s H H [p] H B s ! B <30" Lo
R _N__N._N N N N N N N_R | o, 4 .

Y YEJNj\W ; YI:J:JY v Yﬁij\( T H N “H % :
\E?J/ o o W o o W o o &J & i N 3N ﬂ‘\ i

o e gy A Vo, "5
e R R? R? N ael Ny - ,
1: n: ocmHm R? = H; R* = CgHyg ! Oﬁ,N.Q i N.T,O 4 !
2: R'=R*= 0C1oHp1; R = GoHo heptamer ! HygCa 4 CoHig !
3:R‘:R2=H:FI3=OtBu N e

# Oligopyridine carboxamide has curved conformation

through intramolecular hydrogen-bonding.

Fig. 3-7. Solvent-dependent Cyrstal Structures of 3

:m

N
O:H:‘H
X-ray of 3
crystd. from DMSO/MeCN

in H-bonding network

‘_’ incorporated H,0 -~~~

X-ray of 3
crystd. from PhNO,/heptane

one-and-half turned coil

g ' distorted two-turned coil

# Helix is stabliezed by both H-bonding and n—= stacking.
# Duplex formation in solution phase was also detected by NMR and MS analysis.

# Addition of polar solvent destablize the double-helix.
(solvation on functionality would disturb helix formation)

# Variable Temperature NMR measurement suggested inter-exchange of strands of

duplex (2); is slow up to 55 °C, and dessociation of (2), is slow up to 105 °C.

Fig. 3-8 Molecular Dynamics Simulation of Double-Stranded Helices @ 500 K

a

pentameric

040 g BO-120 ps. 150200 ps 2£0.280 pa 0360 pa 400-440 ps

&R

A5

heptameric

TH0-200 ps 240280 ps 20360 p A00440 ps

nonameric

(not actually
synthesized)

150.200 ps 240-280 ps 320380 ps

040 ps

ARCIEICIAL MULTIDLE-2TRANDED MOLECULAR HELICER

# During the simulation
at lower temperature
(300K), duplex was stable.

# At higher temperature,
(700K), duplex was
dissociated.

# The stability of the
double helices increases
with strand length.
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Review: Tanaka, K.; Shionoya, M. Curr. Opin. Chem. 2004, 8 592, Chem. Lett 2006, 35, 694.

Fig. 4-1. Conceptual lllustration | # Artificial DNA is easily preparable by

automated DNA sequencer.

> Very finely tuned, pure compound is available

> Inclusion of unnatural nucleotide is possible

e T # Metal complexes provide vaious properties.

0 P-C I - F o (redox/magnetism/opticity/radioactivity/Lewis acidity etc.)
/‘\\I/Nd @

¢ § S Easily applicable to novel nanomaterial

(electric nano-wire, moelcuar magnet,luminesent material,
multinuclear chiral catalysis, gene-regulative tool, drugs etc.)

Fig. 4-2. Reported Examp/es of Metallonucleoside

—-2+

To
o o,
OrY o ) N
}—T . 2 S o
2 2
HO OH

Strength: hydrogen bond (ca. 5 kcal/mol) < coordinative bond (10-30 kcal/mol) < covalent bond (ca. 100 kcal/mol)
= tunable stability of DNA multiple strand with high variety

Fig. 4-3 Fig. 4-4.
&' CACATTAHTGTTCTA-3" uts:-c.l\c A'I‘TBI'I'I‘GTTGTA-B:) d(s:-cnchTAA'I‘GTTGTA—G:} 3 TTTTTTTTTTP TTTTTTTTTT- 5:
3 GTGTALTHACARCAT-5 d(3-cTeTAanTHACARCAT-5') d{3-GTGTAATTACAACAT-5") 5'-AARAARAAAAPAAMAAMMARD -3

5’ -TTTTTTTTTTPTTTTTTTTTT-3’

£1p 12onl
o 95F
cu?t @ Ag
\ Bl J/~——12+Qu?* =
E asf -
- H ' =--- 13 +Cu?t L,
T T 2 80f, _zz® R
oé 0 /\IDQD i o:c!;;-D = d: 5 - 13 only tri- cood/naz‘? SO
L% "‘4-0; T w0 %0 70 a0 o Y,
o “0-p=0 Y
\_ I squareplanar ~ ) Temperature /°C . @1’_
Figure 6. Melting curves of the duplexes 12 (a and c) and 13 . W
(bandd).[12] = [13] = 2.0uM in 10 mM Na-phosphate buffer, ?
50 mM NaCl (pH 7.0). [CuS04] = (a) and (b) 0 M and (c) and - g C}Q/‘l
2%
JACS2002, 72412494, (@) 20uM- 760nm = absoption of single strand : -
# Thermal stability of DNA duplex is increased. JACS52002, /24, 8802.

# Triple-stranded DNA is available.

ARCTEICIAL MULTIDLE-2CRANDED MOLECULAR HELICER
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> Discrete Metal Array in DNA Science 2003, 299 1212.

Flg. 4-5, Flg. 4-6.
HO— o d{5'-cHc-3")

—k_“;’a 5 4(3'cHe-5)

o ,o d(5'cHHC-3)

-AO-P=0~ 0 d(3'cHHG-5')

5 e

s "T’qu 47 d(5'GHHHC-3')
d(3'-cHHHG-5")

x___?__,J’

Lo c (3-CHHHHG-5)
: \'_:?’ .o d(5'CHHHHHC-3)
: 3 " d(3'cHHHHHG-5')
L N d(5'GH,c-3')
Flg. 4-7. UV Spectra in pH 7.0 buffer Flg. 4-8. CD Spectra in pH 7.0 buffer
o) (o) o)
~ 1 2800m 9 o307mm 324nm "~
P on N o NP
. ‘ 010 g 100 :
Epos! v :4”-5
= i n=
§ 2 0.06 A g
1 e - =
= T & n=3 = 0
= = 0.04 o E
] o F n= o
2 < 0.02 /’in_1 o 0 e
. B = 0 R . <1000/ Cu-2 .~
260 280 300 320 340 o 2 c h ) DB | & 10 I
Wavelength / nm [Cu]/ [Duplex] 1907 550 300 @50 400

# Stoichiometry of Cu corresponds to the number of artificial nucleotide.  # Helicity is independent of Cu number

Fig. 4-9. EPR spectra in frozen water (@1.5 K)

wl & o # Each Cu?* electron spin is ferromagnetically coupled
| LT I:E%‘: (all spins are parallel) through d-d orbital interaction.
i
cowa ! . 5 o Fig. 4-10. Proposed structure
i M, i ST TS TS TSI T T T T T T T e T T e e T E e m T 3
/ N bl ué:— : N :
et v -G | = |
iy ' By 8 i
NTT : __,Jj....- __:: —_l !
s T D - =
. —HTH H s -.—}'—:.‘-— r 1
P W = F  H | \_J ' e 0 !
! —HTH \ \
| v E P37A | A o ked | #ESI-TOF-MSalso
ity | { -.Jlr ,JI':__ s ,‘— n-Stacked d . h
| o"d % alignment 1 39r€e wit
s A o o : X ,i' s g ' this structure.
- ; . i S -
o — M H | e R ..’i.-:_ = |
-HEH . X -1 il / !
C G : .—--{..\"jl . -\,‘_‘/'—} :
| | - i
s o o] | AT ey i
- | _”%E: i —_-|7 — —_— /"i‘-, || i
R | | i |
_EI‘LG_ : ! :
1 ]
2600 3000 3400 3800
Magnetic Field / Gauss
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>

Flg. 4-11. Sequential Incorporation

Programmable, Heterogeneous Metal Array in DNA

Flg. 4-12. Control Experiments

Nature Nanotech. 2006, 7 190.

5-G-H-P-H-C-3 5'-G-H-P-H-C-3
no duplex - - 5 | |
only two CUP* is
incorporated | |
3-C-H-P-H-G-5 3-C-H-P-H-G-5
only one Hg?* only one Hg?*
O Is incorporated O is incorporated
5'-G-H-P-H-C-3 5'-G-H-P-H-C-3
only two CuP* is %)
Incorporated | |
3-C-H-P-H-G-5 3’-C-H-P-H-G-5
# Sequence of incorporation is not important.
(P-Cu-P or H-Hg-H is mismatched no metal exchange occured)
# These phenomena were confirmed by UV photometric titration,

CD, and ESI-TOF-MS

# They also synthesized Cu-Cu-Hg-Cu-Cu duplex.

Flg. 4-14. Templating Approach toward Multimetallic DNA
\\

# Templating cross-linking method afforded rather stabilized duplex
and make more numbered metal-inclusion possible.

S-S pair: Cu*, Ni?*, Mn3*, Fe3*, vO** 1
! T-T pair: Hg?* |

_________________________________

’
I
I
I

se X 000 X I oo W oo
g @ @D
SN N . TN e ) 2
g - % EN N “ p = %

\" / \ / \_ ]

o O

are also synthesized.

64

o2

6

o3
REE RS

Flg. 4-15.
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BB IV MEEETEELBAEMEDLL, ESTNIELLDG ? LT RIEICLZBEAMILE,

A. asymmetical interaction + symmetrical strand helicate, m-terphenyl, pybox-ammonium
—X—X —X\

Y
=S B P O

= 0 % 90° p self-selective — HELIX
K= v jes4

’

"""""" AR == Y=Yy

)|(\ o’ | . Yeme XX oY Yoo XX y Y
= 0 3 90° —_ —_— —_—
Lo, _Y@g( non-selective — SHEET
X Y s xﬁv—vax—xﬁv—vax
R s R s
B. symmetical interaction + asymmetrical strand  DNA etc.

/Xz—X1_'X >X ~
o Y X 0 - 900 Y2 X P X@
l ) “Y; Y5 Yq Xq Q Sy self-selective — HELIX
X5 A ]\Yz‘Y] YZZ-Y]/ 2 1

X
S S I:> A
(e _@ x Y=Y X1~ X Y
. = 1 1 1 1
'/ """ ,Z,Y]_Yz y eY:] 90° @ @ @ non-selective —» SHEET
A

X 1 Y] Y2 X]_Xz e Y2
A

XXBLVY-Y (E LLEX X L UY-Ya) B/ — <Explanation in Japanese>
@ : X-XEY-YH I DM EEER IR DM EVEAR (A3 / R Al i)
—E/Y—FHHEEER (A[#¥/F A E)

<. BIX=XX, Y-YOTHFA>
XEXREL. YRYELTUMBEERLEL,
THRHESOLORATOTHEERT X EX RS XiEXFFEE LB, Y1, Y4 FHR)

| <2 HRERMMEE A ODT A2 ;
L NAREELEBVE/Y—0BE — BUNEEW® UNAE #0908 3L SR E 1 !
| (BYAREEROE/I-0BE — BUNMIER UNA #0EIcB3LSBIREER :

Q. B/X-EHREEREDOTHID

-y MREEERSIZY MEOENICEBETRLSL. A A REERED,

“B/ VXX, Y=Y (B UKEX =X B LY -Y) M EE A @ERE THEE LILE & RICIE.
ERBERR/S or A/ NINEZSD, — HDEBERETERIRMICEI LIFED.
RILEEZEZROLOETEHERBIRMICESR-R-RPA-A-A - - )SHBZENTENIE Helix i ENEND
(EEGBREOEDONREEAR-S-R-PA-A-A—--)TN(ISheettiE T3, )

1.2. 3. OFHEIRTH LT B/ Y BERATENE . ATAZESBABEAOR S LPYTHPIO—FHRTEBNL,

BAEDECHERMARICZ U, BEE LOZRKORAY MIEZDEI TLLD,
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