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Today’s topic

1. Introduction

2. Investigation of “on water”

-Bulk & surface water
-Theoretical study (Diels-Alder)

3. Application of “on water”

-Fluorine effect (aldol reaction)
-ortho-Diamination (C-H activation)

4. Summary
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Use of water in organic synthesis
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Separated reactant + water = “on water”

--------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------

Today's topic

the surface of water

"On water" reaction

H,0

Organic reactant "in water" reaction
(separated from water) = reaction dissolved in water



Organic reaction promoted by “on water” 6
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Today’s topic

2. Investigation of “on water”

-Bulk & surface water
-Theoretical study of DA



The nature of water

Bulk & surface water
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Hydrogen-bond network
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:} H-bond energy of bulk water

:} The environment of surface water



H-bond energy of dimer H,0O

H,0 dimer model (gas phase) ' ;- :
H :
\o_H _______ O—H E 0 $ - Qo .
¥\ L > 2.98 & \\\ H 53{5
H-bond energy : N\ :
optimal structure H “/ :
"""""" Dyke, T. R. J. Chem. Phys. 1977, 66, 498
&

L""F’ﬁ'

Potential energy
i = -4 kcal/mol

Potential energy (kcal/mole)
o
T

T B T, B o BT, BT Clementi, E. J. Chem. Phys. 1973, 59, 1325
§ideg) Stillinger, F. H. Science 1980, 209, 451-457



H-bond energy of bulk H,O

Distribution of effective pair potential
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Computer simulation
(216 molecules of H,0)
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Stillinger, F. H. Science 1980, 209, 451-457
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Water surface

Bulk & surface of water
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O_H o/H :,' “"_\ H,O H‘—-‘o
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H” “H’ H H N surface? <
*en? |;| |;|
Hydrogen-bond network H',O\H_.—-O\H‘ ,
(bulk water) L \ -
How to measure the environment of surface
, SFG
Visible (Sum Frequency Generation Spectroscopy)

. IR on surface

https://staff.aist.go.jp/t-miyamae/research/research_SFG.html



Environment of water surface

SFG spectrum of water-non water surface

SFG (arbitrary units)
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OTS = C,gH3;SiCl; (coating of quartz)
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a) quartz-OTS-water interface
b) air-water interface

c) hexane-water interface

d) quartz-ice interface

(dangling QH_)
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Hickerson, W., Hammer, W. Science 1994, 264, 826-828
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Diels-Alder on water

First report of DA reaction on water

(o)
D + [~ — 2
0.4mM) (10 mM) 5

solvent  additive k (x 10° M 1s™)

isooctane® 59403 { .
MeOH 75.5 .

H,0 4400 =70 | gﬁﬁp

H,0 LiCL (4.86 M) 10800 g Eiﬁ“

H,0 C(NH,),*Cl- (4.86 M) 4300 :

H,O p-cyclodextrin (10 mM)» 10900 P o
H.O a-cyclodextrin (10 mM)&T 2610 } DA in p-cyclodextrin !

-------------------------

Acceleration of Diels-Alder reaction
. Hvdrophobic effect?

Breslow, R., Rideout, D. C. J. Am. Chem. Soc. 1980, 702 7816-7817



Faster than neat condition "

[26+205+27] cvcloaddition on water

E N,COZMe ‘E N\\\COZMe
+ Il — J/ /
_N r.t. N
MGOZC ‘COZMG
Solvent Conc. [M]®  Time to completion
toluene 2 =>120h
EtOAc 2 =>120h
CH,CN 2 84 h
CH,Cl, 2 72 h
DMSO 2 36h
MeOH 2 18 h
neat 4.53 43 h
on D,O 4.53 45 min Heteroaeneous
on C.Fy, 4.53 36 h E on water)_
on H,0 4.53 10 min
MeOH/H,O (3:1, homogeneous) 2 4 h
MeOH/H,O (1:1, heterogeneous)  4.53 10 min
MeOH /H,0 (1:3, hetercgenecus} 4.53 10 min

Sharpless, K. B. ef al. Angew. Chem. Int. Ed. 2005, 44, 3275-3279



Theoretical study 15

Condition modeling

"neat" vs
"in water" vs
N/002M9 "on water" N\\\COZMG
+ “ / N/
7 i -
MeO,C Diels-Alder ‘COZMe
( \ ( |1 H n \
"neat" model in water” model
A+B->C A+B—->C
H,O
- J y,
[ 1] [ 1] \
on water"” model much slower
P, than surface
i reaction : R
on surface =< R .
A+B—->C H,0
T J

Marcus, R. A., Yousung, J. J. Am. Chem. Soc. 2007, 729, 5492-5502



1 1) G ) 16
Neat” & “in water

neat A+B->C
Fi 2
—%— ky[A] ‘q”E:r” = 0.5 kyZy[A] |:> [ fog _Z;.f In [j] J
""""" [A] = conc. of X'é t
Z\ = bulk coordination number (= 6) ( q = [A]o)
ng(t) = "mole fraction”" of B @ t (= 0.5)
in water A+B->C
________________________________________ H,O
: d[A 3
i —% = k[ AlZang () | d[A] kuZn kilu . .,
i ! = 6 : - = [A][B]~ [A]
bbb bbb bbb bbb bbb bbbl g dt MO Mo
[B] [B]
ng(t) =

AFBIMg” Mo [f ?’?([111]]

a,
( * Mg = [H,0] (= 32 W)

Marcus, R. A., Yousung, J. J. Am. Chem. Soc. 2007, 7129, 5492-5502



“On water” modeling
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( negligible)

on water much slower
............................. o than surface
reaction = /
on surface <7 T«
. :
| A+B—->C | H,0
r Surface reaction ... Count only A on surface
A As()
d[A] L TA S
= KAZsne) | )7 dropretver | (Per drople
d[A] — dA(t) _ dA(t)
. total vol. droplet vol. x Nd
A(t) = total molecules of A @
A (t) = average number of A on surface
N, = total droplets d4(r) - )
Z.=4 T ksNy Ag(1)Zgng(1)

Marcus, R. A., Yousung, J. J. Am. Chem. Soc. 2007, 729, 5492-5502
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On water

much slower

on water than surface
i reaction ““ /
on surface <€ | % %7
A+B->C H,0
W N AOZang(0) | = O Kz t) | = ()1/3 0.5ksZs
. 3 KsNaAs( SHEHJE 0.8r0pa1'3 s&sllB 0.8ryp,

173 .
Sl IR
g — — P . 1l mole of A
Zgt ng(0) 3 A, @t=0

- 47 3 )
A(t) = Ny 3 r(t)°p, N4A(t) N 3 N 3

" = 13 ~ 1/3
A (t) = 47tr(t)2paZ/3 A(t) r(t)pa 0.8rpp,

: U

the size of droplet when the reaction proceeds 50%

Marcus, R. A., Yousung, J. J. Am. Chem. Soc. 2007, 129, 5492-5502
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Experimental (model) & theoretical (DFT)

neat homogeneous surface

reaction reaction reaction

reaction fime (= t(s)) 48 h 4 h 10 nun
vield (%) (= 1-[A)/a) 85 g24a g2
concentration (MY= a)4.5 2 4.5

k (experiments) 4 x 1076571 2 x 1073 M- 1571 055 le

(or 9 x 10~* s~ Iyt
k (theory) * 5% 1077 571 2 x 1073571 0251

*k (theory) was caluculated from DFT calculation data

eAssign the surface condition for ky, ... ky = 9.5 x 10 (s™)

|—> The modeling of surface reaction is appropriate

Marcus, R. A., Yousung, J. J. Am. Chem. Soc. 2007, 729, 5492-5502
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TS study (without vs with water)

A SogMe

Energy (kcal/mol)

Enerav diagram calculated by DFT (UB3LYP/6-31+G(d))

Marcus, R. A., Yousung, J. J. Am. Chem. Soc. 2007, 729, 5492-5502
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H-bond availability (in vs on water)
- Me
TSW P '\ 2 < 0 O—Me
53 - )\N//N
XY 8 _ om NN
327. =
207 268\ 191 62 04 I-{ 0’.I-_|._H /\H
Q O—H-—""\""0
H
<SS = 0.00
TSw (sideview) TSw (DMAD + hydrogen bond)
"on water"” "In water"”
H
\ H H
DMAD - O~H-rly {\
......................... (l)’ "H
OH OH OH 0
----- e - -
Y ST o W ,O"
H HH/qH ~~H \H
Free "danaling OH"
—€anding L | Reaquired to break H-bond network
(5 kcal/mol)
Marcus, R. A., Yousung, J. J. Am. Chem. Soc. 2007, 729, 5492-5502

(DMAD-H-bond: 2-4 kcal/mol)



Short summary

The difference between on & in water

/‘ Dangling
H

ater

"on water" . "In water"

22



Today’s topic

3. Application of “on water”

-Fluorine effect (aldol reaction)
-ortho-Diamination (C-H activation)

23



Fluorine effect : Aldol reaction on water =

Aldol reaction using di-F-enoxysilane

OTMS ? OH O
F\%\Ph + > Ph
¢ "On water" F F .
Cl reaction Cl 85%
H
Nucleophile activation by dangling OH ,O-----Pli
H o
A

F i -'\ H O @p...."H/
I ' |- 2 H
N‘ and | £ X3 , (S

Lightly fluorinated Electrophile Hydrophobic P B Rl © 4

nucleophile inleriOr\_/f’ X
/

fluorinated moiety

Zhou, J. et al. Angew. Chem. Int. Ed. 2014, 53, 9512-9516
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Previous research background

Aldol reaction of unactivated ketone

0
0 HO _q
@[s: fo) cat. (10 mol%) S Ph
o + o
N )LPh THF, 5 °C N
H H
(10 eq) 95%, 85%ee
catalyst

(Ar = 3,5-(CF3),-CgH3)
Zhou, J. ef al. Angew. Chem. Int. Ed. 2010, 49, 9460-9464

. . . —— .

EF o ar A
0

N NH
HO, H =
OTMS  cat. (10 mol%) = bh
o + F%Ph y (o)

THF, 0 °C N
F H

Iz

97%, 85%ee

catalyst

(Ar - 3,5-(CF3)2'CGH3)
Zhou, J. et al. Chem. Commun. 2012, 48, 1919-1921



Solvent effect

26

OTMS |0 additive (10 mol%) T
F y Ph
\%\Ph + /©) solvent (0.1 M) /(D)?(FLL
F (of 50 °C (of
(2 eq) (1 eq)
Solvent Additive t [h] Yield [%6]"
(H.0 - 0 8 )
THF DMAP 72 10
S
THF A A g A 144 43 (Ar=3,5-CF3-CgHj3)
H H 4
THF /H,0%=7/1,-Homogeneous) 24 2]
H,O PhSO,H 10 70
H,0 4-C,,H,.C.H,SO,H 10 77
H,0 C,,H,:SO,Na 10 79
neat -~ 10 —

Zhou, J. et al. Angew. Chem. Int. Ed. 2014, 53, 9512-9516



Difluorine effect on water °!

Importance of di-F-enoxysilane

OTMS  Frrmmmm========oy : OTMS
OH O )\ : 0 i Fo OH O
Ph ! Il : Ph
Ph - ' ' - Ph
H,O (0.1 M) : : H,0 (0.1 M) F
cl 50°C,1d : ' i s50°c,1d  C
trace = e ; 26%
OTMS
H,0 (01M) | 1o -
50 °C, 1 d
Cl
No desired product
Hvdrolysis of di-F-enoxysilane
QTMS 0 OTMS o)
Ph Hop2m q Ph Ph H20 (0.2 M) Ph
F 50 °C, 11 h F 50 °C, 45 h

Zhou, J. et al. Angew. Chem. Int. Ed. 2014, 53, 9512-9516
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DFT calculation

Five-water model

T
40+

30-

20 4

104

AG i H,g“”"r ( otms|*?
(kcal mol™) A W
’é‘?-l H Ph 33.6 kcal/mol (3 H,O model)
o AR 41.6 kcal/mol (no H,0 model)
H—0 Bz
|: ? ol
g d ®
o/H o " ; ; TMSO.
: 3 ~H---.. Ph
= % H-bond (H-F) x2 & P
N R ; HYy F &
- F ; RN
¢ H’O,\-HD---H".""O@
l.' H\o', H' ‘,"’
Ph” TOTMS : He- Oy IM4 5,120
1a45: ; \H
0.0 Z2H20 - |M35H'£O ::-1 1
22120+ 233120 O=H=e=f OTMS
H-bond (H-O) x2 H H
/O\H R\ e F
P . H & OrH Ph " H-bond of H-F is important
H-_o H ‘ H’ '\H H .
T, 7 e N of decreasing TS enerqy
H \H' H—0 = e 3 v - -
\ \ -_’O cl
2a H==-Owy-
o Cl IM3 5 1120

Zhou, J. et al. Angew. Chem. Int. Ed. 2014, 53, 9512-9516
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Asymmetric aldol reaction on water

Chiral Lewis base catalyst

OTMS I (QD),PYR (x mol%) oH ®
o Ph
Z~ph solvent (0.1 M) F F
F Cl 25°C, 24 h (of
(2 eq) (1 eq)
-
(QD),PYR

In H,0, x = 10 mol%, 73%, 39% ee
In H,0, x = 20 mol%, 74%, 48% ee \
In H,0, x = 30 mol%, 81%, 53% ee @
In THF, x = 10 mol%, 15%, 67% ee
hydrophobic Si moiety
Zhou, J. et al. Angew. Chem. Int. Ed. 2014, 53, 9512-9516



C-H activation : ortho-Diamination on water %

C-H activation "on water"

DG Rh cat. Rh cat. DG
Ar1.N3 NHATr, A"2'N3 Ar,HN NHATr,
"on water" "on water"
amination amination

"Roll-over” promoted by H,O

1st | N
~N amlnatlon ZNJ ~
|'?h(H) Rh
N - < H .
H -
o‘ 2nd
H

stable amination
intermediate

Lu, H. et al. Org. Lett. 2016, 78, 1386-1389
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C-H amination “on water

Boc amintaion

(2-Py) O:N [Rh,Cp*Cl,], (2-Py)
additive NHBoc
@ + BocHN—O@—NOZ -
solvent, 60 °C
(BocNH-DNP)
cat. load (mol%) additive solvent time TM yield (%)
C 4 H,0 3h 88 (i.y. 82) )
4 H,O 10 min 70
2 H,0 16 h 83
e et eeeng e eeeens HaO ... 16h 65 ......
B S AgSbFg (8 mol%) ~ H,0 3h 85
ESUUTRNY. SRR NaHCQ; (1eq)......... H,Q . ....3h . 0 ...
4 organic solv. 3h <5
4 hexane 3h 8
4 DMF 3h 11
4 H,0 (0.2, 1,10 eq) DCE 3h <5
B H,Q (10.e9)........... IPA.......3h ... 8. ...
4 - (neat) 16 h 25

Lu, H. etal. Org. Lett. 2015, 77, 1513-1516
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Necessity of “on water” condition

Formation of Rh complex

(2-Py)  [RhCp*Cl;]; (0.5 eq) - [RhCp*Cl,], (0.5 eq)  (2-Py)

H,0,60°C,3 h Q_@ DCE, 60 °C, 3 h

2 o ) -
50% R 0%

Cl Cp*
Rh complex Lu, H. etal. Org. Lett. 2015, 77, 1513-1516

(2-Py) [RhCp*Cl,]; (0.25 eq) — [RhCp*Cl,], (0.25 eq)  (2-Py)

H,0, 110 °C, 6 h N\ // DCE, 110 °C, 6 h

- y ,/N -
99% R 0%

Cl Cp*
Rh complex Lu, H. efal. Org. Lett. 2016, 78, 1386-1389

(2-Py) — —
@ Rh dimer \ / N\ /
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Proposed mechanism

H,0 promoted Rh complex formation

--------------------

\_/
1a .
Cp* :
Rh :
Cl [GI 1 w" ' {5
N Ef

A
=N rhp c:|;,]2

é - - [Ma-H]"Cr 4 in water : '

G-H activation by dangling
OH group on water surface

C-H activation @—@
by CMD mechanis ®N 50% of 1a

H

h:.rdrated

Lu, H. etal. Org. Lett. 2015, 77, 1513-1516



Mechanical study *

Amination with Rh complex

(2-Py) (2-Py)
Rh complex (4 mol%) NHBoc
+ BocNH-DNP >
(1 2 eq) solvent, 60 °C, 3 h
solvent condition yield (%) —
H,0 83 Q_@
DCE 46 W ®
DCE time :12h 48 | > 0
DCE additive : NaHCO, (1 eq) 83 50% formed

Redeneration of ppy "on water”

N N H N N H N
| | \ _H | @ | ® ['V_H
~-N_ ~N 0O~ NS ~N_ 0o~ ~N
\H S H H S
| B e ,H + — ,H +
R N, ~ N,
Boc Boc Boc

break intramolecular H-bond

Lu, H. etal Org. Lett. 2015, 77, 1513-1516
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Proposed mechanism

Rh cat cvcle "on water"

(2-PyH")
(2_Py) eroTTTTTTTTEEmmmmmmmRRRT. . NHBoc

NHB : - : 2.P
oc : N/ : (2-Py)
: N :
1 'Rhscp* 4

S , ______________ ’ (2-Py)

/ i + NHBoc

(2-PyH")
O_Q BocNHDNP Base
*Cp—Rh \ regeneratio
Neees 40 CMD _
@B’oc on water Q@
N

(2-Py) RA

(2-Py) .
@ )\ ‘ C-N bond formation . / o
Q (o)
Qo ap AL
-Rh . (DNP7)

\

BocN
Lu, H. efal. Org. Left. 2015, 77, 1513-1516



Research background of ortho-diamination

Problem of difunctionalization

™

~N Ar1N3 -
Rh cat. I?h(H)
N > NS NQ
| C-H activation | Ar
“ =
Stable
Purine as DG for diamination
15[ Amination .
R
rq
r f, H-Bond
[Hh] » M nr.l.ren
Al P i Hrzl.l'ﬂ.l'ru:.
' -
Ny H Ny
N“/ P /) [RhCp*Cl,], (4 mol%) Nﬁ _
N ArN. AgSbFg (16 mol%)
+ 3 -
(3 eq) ArHN
q DCE, 80 °C, 24 h

[Ar = 3,5-(CF3),-CgH3]

™
Ar2N3 ~N
H H
............ > A /N\ \ N\A
No 2nd A 1
amination ~

36

” - M=RhIr i
- *-1 R=CN R H NHAs :
::‘f* . |

o End Functionalization

,,ef
e,
D : Excess eq of ArN;

N : Induce the same NHAr group

NHAr | (one-pot)

: Asymmetric amination (two- pot)

95% (< 1% monoNHAr)
Chang, S. etal. J. Am. Chem. Soc. 2014, 136, 1132-1140
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Monoamination “on water

Solvent & additive effect
(2-Fy) N [RRCp*CL,  (@PY)

additive, 24 h
e,
NO MO

2 tamp, solent

1a (0.15 mmal) 2a (1.0 equiv) 3a

entry  additive (mol %) solvent temp (°C)  yield” (%)

1 AgSbE, (16) H,O 80 50

2 none H,0 cr,| | ®0 )

3 AgCO, (16) H,0 NaB_Q 80 11

4 AgBE, (16) H,O ek, || % 88

5 NaBARF (16) H,0 - 24 80 95

6 NaBARF (4) 0 L_NABARF | o, 90

7 NaBARF (16) H,0 110 0
(s NaBARF (4) H,0 (24 h) 110 99 )

9" NaBARF (2) H,O (Rh cat. 2 mol%) 110 74

10° NaBARF (4) H,O (12 h) 110 80

11 NaBARF (4) organic solvents 110 <10

12 NaBARF (4) neat 110 <5

Lu, H. et al. Org. Lett. 2016, 78, 1386-1389



Diamination “on water”
Asvmmetric diamination in one-pot

| X 2-BrPhN; (1 eq) N
_N [RhCp*Cl,]; (4 mol%) ~ZN--Rh(H)
NaBARF (4 mol%) Br
- N
110 °C, 24 h
on water - )

( 1st amination)

Substituent effect of 2nd amination

38

2-MeOPhN; (1.2 eq) N
[RhCp*Cl,], (4 mol%) | _N
NaBARF (4 mol%) OMe y B
N N. i
110 °C, 48 h
on water
72%
(an amination) one-pot

1st ortho 1st para 2nd ortho 2nd para yield (%)
AI'N3 (12 eq) Br H Br H 90
[RhCp*Cl,], (4 mol%)  NHAr2 Br H MeO H 96
(2-Py) NaBARF (4 mol%) (2-Py) H CO,Et Br H 83
@( > H NO, Br H 72
NHAr,  110°C,48h NHAr,  Br CO,Et Br H 92
| Cl Br H 90
on water MeO H Br H 29
Br H H CO,Et 10
Br H H NO, 28

Lu, H. et al. Org. Lett. 2016, 78, 1386-1389



Proposed mechanism of diamination

[ !
=N NaBARF [RRCp*Cla]a
I -
ArHN & MHAS 20 iMaGl + HCT)
| e ':p-
= 5 | H |
+ | Hz0 P':I—_
MNHAF |l| Ar

ArHN

C Water Promoted C-H activation

39

Lu, H. etal Org. Lett. 2016, 78, 1386-1389



Short summary ®

g
: : : O---H
Di-F promoting aldol reaction on water H’ 4
> J— . - € H, N H
p :
F k O
: &-H
W - @ — | W
.‘ (@I}{H’O
: _ ¥ - 29 H
Lightly fluorinated  Electrophile Hydrophobic ¥ o
nUC|eophi'e interior N : H/
H-O

fluorinated moiety
Zhou, J. ef al. Angew. Chem. Int. Ed. 2014, 53, 9512-9516

Difunctionalization by “roll-over” on water

NHA MHAr
3
[RACp*Cl:)s [RhCp*Cls)a
DG - - DG
ArNa (1.0 equiv) DG ArNs (1.2 equiv)
mono-amination di-amination W H AL
L4 4 L] an [ B I
aon water' on water

Lu, H. etal Org. Lett. 2016, 78, 1386-1389



Today’s topic

1. Introduction

2. Investigation of “on water”

-Bulk & surface water
-Theoretical study of DA

3. Application of “on water”

-Fluorine effect (aldol reaction)
-ortho-Diamination (C-H activation)

4. Summary
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Summary

Characters of on water reaction

4 ™
»Catalysed by “dangling OH”

»H-bond activation of O, F... atoms
. > Break intramolecular H-bond

Y

A Activation

Problematic points of on water reaction

®Low generality ... substrate, metal etc
®Few reports of asymmetric reaction
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Future : Organocatalyst on water?

H 43
O--H
H’ A
Reaction promoted “on water” Pric o WAl
7 o =CRa O
»>Activation from hydrophobic site ’ ~§a”? H ) -
N &‘:’:f"“/
YQ R ‘_,"“H\O,H
Organocatalyst / """"" SR
H-O
Reaction not promoted “on water”
»Organocatalyst containig surface recognition moiety
- Site-selectivity?
PGO Cat PGO Cat. A (-\ Lo .
| 4 B : Asymmetric
TN — vy I\ :  reaction
H H H H H H bersnsne e
| | | | | |
0\ .'0\ o\ .'0\ 0\ 'o\
H H H H



Q&A



Q.
Onwater? CHERBIFIEHRBKEEZSZES EVSRLUED,
DL TEICLEXNEXUY NFHDIDEAS5H? (AANEUAT)

A.

BREEITSIEHAEFODL THEZZL LU EAFTREBELLRTD &
on waterO A F RIS BN DB SIBEEBTREELEX VY MAFDPBRVWLRSICR
UE Lk, OnwaterlE RISEIREAEEICH D —_—N + KEZEESEVSRE
BOT, (PR EfutureD K55 ) fREF A AU TE NI S RESRMG
TELL A EITTEDEVS XYY NFETLSBDOTEBVWAERBRVWET,

Q.
AZ74 K14, onH,O0&onD,0NEW

A.
CNEFKEBBKOMEDEILLIDIRHFNRNAEELTVDEVDLDAhTVERT,
BKOANF KL EEN B<ERECEUSHFERIRKELS LD EORIS
NEFENFELSBYVET, (KEFEDRESICEIDENRRBZSKIENS~TE %
2FTS5TTH., SEAORITIHKIE=1.2EHEN NS KEHEEGICKDETIE
BOWERTHDEHBTEXRT, ) Marcuss5 DFHX & V) JACS 2007,5492



Q.
ATAR38, BFEEBRTI-ILITIVERIIANDEIATRICAND
EEFSV<KEBREEY

A.

COTZ/LICH TDEEERREE TS RARNERICENTDAMT, BIERED
roll-overX®C-HEMHLIFAIETH D EN DI >2TVET, &EB8D &R
—DBEOT I /O EEE (9 FRZRELDY) ) EZD2BOTFTDROD
BNVBEE DB TWNERADEKENf REVY)EFT, —DENEFEELEDS A
ZEAHNKE VWL Hrollover 1B ZY), P DZDOBDEFFEBT I RY
BAULICKL<BIL-ORSENFTBRTLET,
BICWARFZD2EBDTRZEFEEICTAHCETTD ROBuZERICL
RIEDETICOENYET,



Q.
HBKRKEBKATEVWERHEYOEENTKTE/FERZDIDOND

A.
ERRICFEALEFIESH,VY) EEHN. LICHEZVND EBRKDFAKY) B
LRI BRI BEMPLSODEZRMTZ_ETROEICEEZERD
cElEHY)S5D2EERVNFTT,

S5RB&IC. TOEZT ORMIEdangling OHOKEZEZIERBEF /A NT Y T
LTULEVWKEEZESICEIDMEZE>TLESEVSEODMREZE ST
WO FEEBEEHRESND O, ATEMANEVNVNEWSERTE
BEESTT, (5% :J. Phys. Chem. A 2013, 2446-2454 )



