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Fr i 3
BLER AKEME RYU REEAKRZ WK TO pH ZIR /KRB ENALE TR
Jis D A3
% - 16
1= VT = LAk R REEEKRZ AW IVARZIUEEY D pH IR
HY7K FE R B AR T RO e 24
ot 1)U AE R REHEERNZRLRZULEYO pH R
HY7K E R B AR T RO e+ 45
H/2E KEMEE RY REAERZHWEAFL > O pH ZIRE S KD BT
52 -+ 66
IR )T ZULERY REEKRZHWEZAFL >0 pH EBIRWESK
ﬁ; - 76
®H3H0 Keth - 90
SEFAI Y A b 92
AEE -+ 93
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FF i

MEET R
KEREHESELLEY

H R AL D AR IS S 2 DRIEDZOICARTH S, L kR T
OYEAEMOMILIHBEEER B RO AIEEOM A ZR/NEE L, TORE
B2 BT DEREFHNABE T O A OBRBICET 5. 2 GEERILFEICH
WTHEELREHZHS> TWSHHESBEILEMZ KT TOWEEHRICHNWS Z &
VLAT Of s & 0 BN, 3

(1) FE ORI DK EAE NN B2 0.

(2) IK—E IR D 2 R TRIBMTA S.

(3) pH FHIC K 52BN R ERNFETH 5.
(4) KERISHREELTHEHATES.

LIALBS, INETHRBEFTME S L THWSNTEZZ OAES
JBALEIAKITERE T, KERIEL, filltE L TOEEEZRS. 2Dk,
KPETOYMBEERETRDI DI, KBEEFHEEMBEZERTHI L
BREETHS.

b KU Rk

E R REERIEN S WA AEG RSB NWTRD 4 FEOOSTEZRT
(Scheme 1l ZH8). () REKEBZB /2O RU R, (i) KREFEGE,
(i) 7ob2®,, 2L T, (v) 2&FET7O b OMEBRE L TH<.



M™ + 2e + H' (iv)

|

M+ H* (i) <=—= M-H—> M* + H (i)

:

Me + He (ii)
Scheme 1.

(i) OHEZAHALEKBIINETESZ<ASN TS, NI
HEOKFLKS 4, ORIV IIMERIE 5, KR, FL 71 > O ARG 6
RETHS. F£iz, (i) OWEIEXTHIVEINT T, (i) O H/
D i 8 THERINTWS. 2L T, (iv) OMEIZ/=7Z—f#], Hembre 5

WL THmESNTWS., HBEIIKEIDEGRT 2 TZULE RY REiRZE
EROSF—FOETINELTEBFBEKGIGEAL, DT ROr S
—Y ORISR N TSR TRWH L (Figurel). ©

>©<
TMP = tetramethylpiperidine

of ?e <

Fe'l
&>
S1
Cp,Fe
S1
H, + 2TMP + [Cp,Fe](PF) — Cp,Fe + 2[TMPH](PF)
THF

Figurel



Z T, IEE RY REENLERBRINEZIRTDOMNTDNT Bullock 512
Lo TERINIAKBED 2 DKBENS5ERT 5. 10 ZofikiE () - Gii)
OHEICHFKT DI ZET/RD. £, S2 13 THF AT KH EXIGL TKEZE
BHT3 (eq. 1). TORGT ST B ATy REETHO, D THNDHILAR
CEELD, EWEMEERT.

=~ COOH <= COOH
1 |
OC—MW>H  + KH OC//VY” K"+ Hy  (eq.1)
oC co ™F oc o
S2

F/z, S21% (PhgCe) & THFHTRIGL, 281kd 5 (eq. 2. 2D EE 1T
KFRT (H) fEEAHRELUTHERT %.

@—COOH HOOC~—~
\
1l .
2 0C— MWy + 2PhC’—— | 0C— W' 4 2phcH  (eq.2)
oC co THF OC co/ 2
S2

S5, RIFERY FREELTY 2 M= MUILHT PhaCBFRs £ ST % (eq. 3).

(C_>T7—COOH HOOC—~——>
|
___W” _ _ ||\
OC— MWy + PhyC'BF, ocC /V\\/ NCCH3| (BF,) + PhsCH (eq. 3)
OoC co CHLCN OC co
S2

CNSHERIL, RIETHHE, MOERMFICI>TE Y REHEAD 4 DOMHEIC
KT 2 SOSENENT 2 E2RR L TN,



KEHEE Y FEEHE

ERDXSick BU REMRIFHRE, KT, RIBNGEHEICEK > TR Rz
RY. ZFDRD, KEMHE RY REMAZERL, HARBREBEEORBERRD
ZEKFP TOWEER T O A EHFAET H/20ICHEBKREN. LALAENS,
ERY RERISAKRPTTO N K2 W B ZEZT, KFREREL, 7T 5 (e
4). TDRD, Pk, KPTERNHELNWEEZSNTEL.

M—H + H3O+

M—OH, + Hy;  (eq.4)

AR, JKEMEE RU REMEDGRISSHAZ 71 74 > $KI2T % (Figure 2a),
bLLIF, SEOHFAICT O BINTE 2EHEZHAAT (Figure 2b)
TETERINSZ. 51T, KBEKRD pH 28t RY REEKDKPTOREMIC
HETHDEWNWD T ENFHES Nz, BUE, B2 oK BY REHAIX Scheme
2 DEDRHETERINTNS., Table L IZINE TEHRDHER I TWNWSHIK
BHEE RU REMAE OB ZRT .

M—X + M—H

M+ H*
Scheme 2
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The electrostatic repulsion

o= ) =P
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The ligand protonation
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Table 1.

Hydrido complex
(Characterization)

Ref.

[HRU'CI(TPPMS);]

(1H NMR, 3P NMR)

[H,RU'(TPPMS),]

(1H NMR, 3P NMR)

[H,RU'(PTA),]

(1H NMR, 3P NMR)

[H,Rh'CI(TPPMS),]

(1H NMR, 3P NMR)

[HRh!(H,O)(TPPMS),]

(1H NMR, 3P NMR)

[HRh!(CO)(TPPMS),]

(1H NMR, 3P NMR)

[H,IM'(CO)CI(TPPMS),]

(1H NMR, 3P NMR)

[HI'(CO),(TPPMS),]

(1H NMR, 3P NMR)

11

12

13

14

14

14

15

15



Table 1 (continued).

Hydrido complex

o Reaction Ref.
(Characterization)

—‘+
6Pt O -
<

(X-ray, 1H NMR, IR)

ﬁ—iRlJ\iLk;Ru'\')%OI—I + 17

(X-ray, 1H NMR, IR)

C-%X{H\—;Ru':@ O —- [T ”

(X-ray, 1H NMR)

_|+
Ir{iaélr'"—jé* NO3—— NOz=---» ----> NO, 19

(X-ray, ESI-MS, 1H NMR)



Table 1 (continued).

Hydrido complex

o Reaction Ref.
(Characterization)

o o) pH 3 OH

_%%Irl_;gg”m N " _HCOONa ' .

(X-ray, ESI-MS, 1H NMR, IR)

&7~ oT 5
MalV N 21
%MO\\H R™ "OH 5.0 R&OH

(X-ray, 1H NMR)

&7 _oTt /i iH
M \Y »
%O\H R "R, R R, 22

(X-ray, 1H NMR)

7/&\% T+ )B\f HCOONa )H\

. N/I\r”'—H R{ "R, R Ry 23
‘ N

7 N HCOONH,
% /\/\O /\/\NHZ

pH 5
(IH NMR)
7/&( ]t N
P — | 24
R R
R=Me, H

(1H NMR)

10



MEENEEDSH

Table LIZRT EDICINETIZWAWARKEMEE RY REENERS 1,
2 ORISR EINTEZ., T LT, KEKRD pH DKEEE RU REEHKRD
REMICKRESHEEL TWLIENHSMNERSTEZ. TDD, pH IZE
HI%Z&ET, KFTKEEE R REHAZ M &5 2 KOS ORIl 23 ] REIZ 72
LOTIRRBRNWNEE A, ARKOEHMIE TKEBHEE RY Rz b0k
KB TO pH BREMERISOEFE] THS.

IZHEH L TR R REMAD RN 2 MET U 72seid £ 2070, FlAE,
AR, Joo SIIKIAMEAHKY BN TZ2HDOE RY REEKRE S50 pH BRI
TINVKRZIUEEY DR ITLEA L T 4 D ORITTCITRII LTz, 5 351, BRaA DT
w~7%pHK%ﬁbtm@ﬁtPUP%%Kié%ﬁﬁmé%%bt.
19202326 UNL 725, TS DOWMTEIIA N Z A LDORWARENE L, KIGIE
EBEN. 20720, KFETE RY FEEZEEWERIEN ED X D ITHETT
D0, kO, KINEEZEDOXDIZA EEIELDNREDFEEH L.

MAEEEDDIZHZD, FTAIIKBICEBEWDLKEEE R REHADE K
EBIRol. ARTAHE RU REMRITROZHEIIKIZERTSZE, &
VEMICRERIETHD. LT, RITRTLORHEAKRZERL, Gz
HEMEL, N5 DEEAZSH B WT pHIRIRAYAIE SR 2B L 7=,

CieH
(Y
| P
1 4
? 2+ % *|+ é
+
\R -oH \ I i —I
SN u \N/F\’\U O\fo \ OH,
‘ F N\ \ F N\ H N\
| | L
2 3 5

11



R B Kk CRE &

1)

2

3)

(4)
Q)

(6)

KSR D pH 13, K”O, KEbF MU D LAKEREHNTHEL
7z. pH (1-13)id pH A —%4 — (Z%i& : TOA HM-18E, MK : GS-5015C,
K OX, & TOA HM-20J, M : GST-5725C) ZfWHlEL /=, pH1
LUF OEITFHEE U 7SR KA OIREN SR L 2. #IAE, pH 013
IM ORISR CTd 5.

NMR DiHIEId JEOL-EX 270, JEOL INM-AL300, JEOL JNM-ECP400X,
KUK, Varian, VRX-300S ZHWTIT/2> 72, KEERDOHEITITEREY
'H & LT TSP (3-(trimethylsilyl)propionic-2,2,3,3,-ds acid, sodium salt) % i
L7z, TSPIE DO IS, HIAFvyEZTY— (N 1.5mm)
WZHC, Z20HIFAF ¥ ETY—Z NMRF2—7 (NEE 5.0mm) 2
ANTHIE LTz,

ESI ¥ A A7 ~)LIZ APl 300 (PE-Sciex)d& &0 W E 2 W TIT78-
7z.

IR DI5E 1Z Thermo Nicolet NEXUS 870 FT-IR T KBr £ CTf7785 7=.

Ho, CO2 71 A DRI EH GC-8A (B &M HIZS, 717 A : Unibeads
60/80 2m, GL Science #L8) Tf775 5 7=.

X #R[EHT OHIE 13 Rigaku/M SC Mercury CCD (Mo K, A = 0.7107) CTf77%
S572. ITRTOEFHEIT Molecular Structure fEEI DY 7 b7 7
teXsan Z W TiT78 -5 7=,
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FF

KT OYEZAHIIERIREFERIC X 2 REAMOEBIN, KU, pH ZERY
BISDERFED O EGBREREICRDLEEZEZ NS, HAIIVAZIUEEYO 7))L a
—IVADIETTITE R REFERD il T 2RENBKIETH O, HEERIEZED
S THEETHS.

L NSH 5N TNWBREMNZ VAR ZIUEEY DR TSI & B K FZL

(B Z 1L, NaBHa) ZMHWdHE RYU RECKIG (Schemel), ©EF MU DT L —
I5 ) =)V XBBEBFBHIETCKIG (Scheme2), KW, PIVIZTALAY T
ORF R—a70/)N ) =)L &AWL KESBERLGE KL (Scheme. 3) TH
5. 1

©)
Na
H H
RN R
ROH 0=  HB H-O——H + NaBHy(OR)
Scheme 1
: H
Ry_R TR koM R—e—R N |
\H/ + Na O Yo 2 Rl_Cl:_R
© OH  ROH OH
Na
Scheme 2
Me Me Me Me
Me/< o Me Me/< >‘Me
Q (ON%
Al Al o)
AN e
j/\&jciMe j\ + Me Me
R H™ “Me R H
Scheme 3 1 Ry
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UL, 205 0e0EEERSEND, B LI, SR80 TETTS. T2
T, BSOS ZAET 2 Z EI3ERNH 5. Table 1 ITHEIAK T TER &5l
WEHBW, KFE, 2 /k7IVa—)b, FEA A > 2KERET S MBEETT R
JEDHIZE R

o) Cat. OH

PN

R{ R  Hydrogen source Rj R

Table 1. The catalyst precursors of hydrogenation of carbonyl compounds

Precursor Hydrogen source Ref.
(fl H,
PhsR_ | _N—
Ru_ H 2
PhPp” | TN— ?
Ccl H:
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Table 1 (continued). The catalyst precursors of hydrogenation of carbonyl
compounds

Precursor Hydrogen source Ref.

HN  NTs )\ HCOOH 4

Ph
o o@_ OH
H
Ph—# Ph
S Ph P )\ HCOOH H, 6

Phoc-RuH-Ru-co

oC CcO
[RUCI,(PPhy)3] HCOOH 7
M OH
H,N— | —Cl
NH 8
AN
Ts
M =1r, Rh

19



Table 1 (continued). The catalyst precursors of hydrogenation of carbonyl
compounds

Precursor Hydrogen source Ref.

soN
O o)
j/ OH

< 4 T4
A
Y T 10
Me Me
(I

I|32
Ph\(\N Ph Y
' 12
O-Sm-0 OH
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INET, KB TOHIRZIVEEYDEITIE pH 7 T NaBHg, HEMETA
LZERH DI pH 3 TNaBH3CN ZHWTITRbONTE. LaLARS, I
5DRIMNILERIETH D, RIS TIE/R, 14

AWZETIIAFTE RYU REEK 1, 4 2B L, KFTINS DA 2 fil it
ELTHFBAA>EKRBRETDHINARZIMEEYD pH EIRBKEB B AR
TLRINDRFEZ T2 > 7.

I_ /|I’”|_H
% N A AN
| _
1 4
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Organometallics 2002, 21, 2964-2969
Seiji Ogo, Tsutomu Abura, Yoshihito Watanabe
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IKH T OYIE 2 HIRGVE 1 B R H R DA BRI O I & 2 BRIR A 2 885
T5HZE, LU, pHIBIRMRKENTRAS ZENBER—INTWS. 1 KA
PEE RY REHRIZKP TR RIS ZIT/2 D AIREEN d D, KT O E A
PEETL-OOELERKGRED 1 DE L THEKRAFEZNS. 2 LR Z))
EEWOT I A=) NDEICIFE B U REENIMIE T 5 REBNBRRKIETH 5.
LWL S, KFETERY REERNEDID ITEE L TERTZONICD
WTIEHSMIZINTWARWL., ZNETIZ, b RY REEROKFPTOREMEZ
pH ITEEINDZEN - TER. 3 2T, AL TIE pH £ & RYU REEK
Ot rE P OMBITER U 2.

Z DETHIIFRZKEEE R REA[(CeMeg)RuUll(bpy)H]* (1, bpy = 2,2'-
bipyridine) Z &L, BWEZHSMNI L., 512, MERRKATHZT VT
it 1K [(CeMeg)Rull(bpy)(H20)]12* (2), KUY, KIS H K T H 2% F Bz 85 1K
[(CeMeg)Rull(bpy)(HCOO)]* (3) DS NE L=, LT, Kb THOER
U REMAERD pH KEEERF Lz, /2, 1 Z2Efe L, Fi1 4
> ERFBIRE UT=KENE, KO, FERBEMETIV R ZIEEY OKFZBE TR T
Bt 4 @ pH AKEEICDWTHIZEL, KB TOKBEBIHRETSIED AN =X
LEEL LT (Schemel).

CO, \( >>( :z;;)o

Scheme 1. @_@
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EREER
KEHE KU REE[(n°-CeMeg)Ru'l (bpy)H] (2)

KEEE RU REEER 113 pH 7 TY 7 7 #K[(CeMeg)Rull (bpy)(H20)]12+ (2) & F
BN AERRI®D LK TERLE. KISET V7807 77
B FINFEE A 4 > E@EHL L, FEEFEIAR[(CeMes)RUll(bpy)(HCOO)* ()3 AR
HEIAMEAY— T D, ZDK%, 3 BIRREENES, B/KENEE S 12X
1 %249 % (Scheme 1). Z DR, 3 OB-/KEMEkIL Scheme 1 D A ITRT &
578, CoMegBifr ¥ > 7 AU w76 e Z L-BBIREEREATS. £z,
ZOEEERT D COIFHAOR NI T T 4 —IZX>THRIEL 7. Figure 1
IZEEIR 1(CF3SO3) D i 2R 9. 7 Z DKL CgMeg BN T, bpy Bl 7,
LT, ERUR BFC/\HEHAEEGEZES. £, 2OEE Ru-H HOERE
X178 A THB. ZHUIKH TREBEALE TR OfEIE R TH 5 B D
E R REMADHEENHSE N ERSZIZUDTORITHS. FERmFP TR 1 @
b R FRAZTITKERS S ISBEI S Nah - Tz

%i)

i .
' c15 C16

Figure1l. ORTEP drawing of 1(CF3SO3). The anion (CF3S0O5) isomitted for clarity.
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F=7 U TR 2(PFg) D (Figure 2) 8 & ik A @ 3 g 8§85 (K
3(HCOO)+(HCOOH) D##it (Figure 3) 9 HHASMNIC Lz, ZT856 DEHAITIINT
NHERY REMAREFRIC XD IC/\HEKEZE > TS, #EEIRE TIET R
KOFHEOKEZRTFEFLEED RuISHEEHAL T 317 A). 2ok
DIRBRFEBEDO MK TH 5 FRRIADHEENHS N LB TZHIZINET
IZ Casgy HIZXKB—HILMNAISN TR, 10

Figure2. ORTEP drawing of 2(PFg). The anion (PFg) is omitted for clarity.
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Figure 3. ORTEP drawing of 3(HCOO)*HCOOH. The anion (HCOO) and
HCOCQOH are omitted for clarity.

RICHEEI N8 R REHK 1 OWEIZDOWTHRNZ. S8R L IXSKT Tl
BEICARLETH DN, ERRETIIEAFTHROES ZENTES. Figure
412 1(CF3S03) % IR THIE L 7=k R 2 /R 7. Ru-H & O MifEiRE) S 1916.4 cml
Thol. TR RmE BU REHAD M-H #E OMHfEIRS) (2100.0-
1500.0 cml) OHIPINTH 5. 11 £/=, 1O R REMNTFZ DICERBLZ &
Z %, Ru-D #&OMHHERENE 1331.3cm L It a . —ikic, [k zZ S
BN T FINE eq. 1IZE-> T, BlHEZ TR TE% (Hooke LA . M-H
WEOBE, BEKEEHZP IS & 19164 X 2V2=13551 cml &z, &
D EEAHE TEBRICT VIV E /-,

1 f mimy
/— (é9.1) my= ——— (eq.2)
2m my mq + my

v=iRBNE, =REDEETZHS5DLTEH
m =#EHE
my, my =RF1,20HE

V=
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Figure 4. Infrared spectra of [(CsMeg)Ru'(bpy)H] (CF3S03) (1) (a),
and [(CsMeg)Ru'(bpy)D](CF3S03) (1g) (b).

7 27 7 51K (CeMeg)RU I (bpy)(H20)]12+ (2) & FEF N U 7 LA DEKF TO K i
BEWZE IH NMR THlE L7z (Figure 5). T OFER, 3FEHEOSANEEL T
WBZENHSN RS2, BB TFINELT, n8-CsMeg D70
d 2.1 ppm fHEIC 3FEEGFIEL, TN, 1(2.14 ppm), 2(2.13 ppm), 3(2.09
ppm) EIFEJEL 7= (Figure 5b). F7/z, #8fk 1 ot RYU REfFHRD T T FIV
V&-7.45 ppm (2@ L 7= (Figure 5¢).
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(@) water, CgMeg _TSP

HCOO"

bpy

(b) (c)
1 Ru-H

| |
2.2 -71.5
ppm ppm

W e

Figureb5. (a) 'HNMR spectrum of the reaction mixture of 1, 2, and 3in
D,O at 25°C at pD 4.5. TSP: the reference with the methyl proton
resonance set at 0.00 ppm. 1: an impurity. *H NMR (270 MHz, in D,0O,
referenceto TSP): 1: 6 2.14 (s, 18H), 7.48 (t, 2H), 7.93 (t, 2H), 8.19 (d,
2H), 8.57 (d, 2H), -7.45 (s) and 3: § 2.09 (s, 18H), 7.78 (t, 2H), 8.17 (t,
2H), 8.29 (d, 2H), 9.20 (d, 2H). (b) The signals derived from the CgMe;
ligandsof 1, 2, and 3. (c) The signal derived from the hydrido ligand of 1.
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Figure 6. pD-Dependent formation ratio of 1 (O)
and 3 (@) in the reaction mixtures prepared by the
reactions of 2(SO,) (5 wmol) with 10 equivalents
(50 umol) of HCOONainD,O (1 mL) at 25°C
(Figure 6a), 45 °C (Figure 6b),and 70 °C (Figure 6c)
for 5 minutes.

IH NMR THK 1-3 OMHENAIRETH 57280, BAFRRHZDICBITHE R
U REEAR 1 & FERSEIR 3 DR D pH &k F % IH NMR T#i~X7=. Figure 6 %
2(S04) (5 umol) & 104 E D HCOONaZ 1 mL HDE KT 57/, % pD12 T
RIS B EEDMRRTHSH. 25C (Figueba) Tldke R REHMKIZIZEAE
AR, FEEERA 3 DA pD ITHKFEL THRRTSH. ZDEED 3 DAERKRD
pD KF IR D 2 DOBHENSFHAINDS. —DHIZFEA A > D pKald 3.6
THO, pD M 36 LLFTIZHCOOH ELTHEELTWSZD, T T7AEK
LIS <D, 3 DEKRNEDLIZZETHS. £z, 2DODHOMHIT 2 D
77 T EALTFD pKa/N 7.3 T (eq. 1), pD X 7.3 L ETIZY 7 Y EAM Tt RO
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FVBNLT (OH) IT72%720, FBAF D EOBEBRNBIDHS L ILT
bH5.

s pKy =7.3 .
[M—OHZ] - [M—OH] + HY  (eq.1)

M = (CgMeg)RU' (bpy)

45°C (Figure 6b) Tlidt RU REEENEKRT B EMo7z. TDOEEDE

RU BRSME 1 OERKIZ 3 DERTOT7 7 AN ELSBPUTVNS. 2D EIFTFHE
SR SORNRE D EFITHEWEKZRBEIC K> Te FY FERZAERT S 2 &
ZRLTWA, 72720, pD N 6 AR TIIAERKRLZZE R REMANKF O T O
N ATKBREEZT, KFEHHET272DI0H T2 (eq. 2). TDRD,
E R REEERDERNE pH VN ENWEFADT S, AT L HIZH A7 O T
F74—IZXDHERL .

[M—H]++ HyO' — [M—OHZ] S H, (e9.2)

70°C Tfr/e> 7=t~ (Figure 6¢) Tld pD NWAEL 251> T, £kT 3
SIETARTTARNC LITEHIN. 72720, pD VNS WEZTERT S b

RU REEARNT O N KD HEEZT, KEZMBT 272012 1 OERNE
LMz s 2 &3 o 7z,

Figure 713 pD 7.5 (a), pD 4.3 (b), pD 24 (¢) IZBIFBHE RY Rkl &
FHEFHIAR 3 DERDKFHZLZRFI LD DTHS. 1, 3 DERKIL 2(S04) (5
umol)& 100 H{ED HCOONa & 1 mL HOHEKHPTHRHIES Z LICL DT
S/, TLT, $EOERIEIH NMRICKDE L. Figure 7aldBE5A 3
M5, FEEDSREE T 2 DI, B RY REHER L NAER T2 ZEZRLTNS.
UL, L, Figure 7b TiE 1 DERN EF Ly, ZUIERLZZ 107 ORI
KOWEZEZZIIKFEZHEL, 2 ITRED, 35617, 3 2HAETHIEEZRLT
W5, Figure 7c i3 3 DERNHIHI SN TS I EERLTWS., £L T, 4R
T2 1HITHONTONCRDEEBEZZITKRERHL, 212HELHT L
NHh-o 7.
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Figure 7. Time course of the formation ratio of 1 (O)

and 3 (@) in thereaction mixtures prepared by the reactions
of 2(SO,) (5 pmol) with 100 equivalents (500 umol) of
HCOONa in D,O (1 mL) at 70 °C at pD 7.5 (Figure 7a),
pD 4.3 (Figure 7b), and pD 2.4 (Figure 7c).
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ERU REAICEZKEBEHEETRIE

AP TIIE U REE 1 2/KEKT TRRBEIEETTR IS OMILTE LS &
LTHWSEDIZANR N EN L OREHE RN, BEICIIAERE, &
OIKBEDOANRZIVEEME V. YBRISOLET (I/a or /HCOONa =
1/1/0), 10 43fE, pH 4, 70°C T 1 IIKkBEHEEETH 2 cyclohexanone (a)%
cyclohexanol IZIRIT LU 7= (N 20%). 7=, IEARBHEBE TH 2 acetophenone (e)
® 1-phenyl-lethanol IZIXZ 16% TETT L7 (eq.3). TDEE, KFWAHDOE K
REHIITO N> OREEZT, KRERHET D ZEN DM,

H
. [ M—H] * ﬁ H [M—OHQJ * . R1—'%§—R2 (eq.3)
H : ‘

+ /C\
Rj R  H,0

RICHIMIERIESAET (1/a or #HCOONa = 1/200/6000), pH 4, 4 B5fS, 70°C
T, ¥BAA L EARBE L AR BTS2 o7, TORE, ¥
B 9% THIRZIALEWIHIET 27N A= 2 ERTDEENDS 2 P
7. Figure 8 13 e DREBBEETRIEDORKISESYE CDCL THIH L A%
D IH NMR AX2 MV TH 5. #HiH I NAEERICIE acetophenone & 2P D
1-phenyl-1-ethanol YR H X 11 7=.
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1 2 H
Hp \ é Hg1
pH 4.0 He2
@) Ha
HBl
CHCl,
Ph
B HBZ
J Water TMS
L ]
T
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Ha
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T T T

25 2.0 1.5
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Figure 8. (a) *H NMR spectrum of the extract in CDCl; from the
reaction mixture of 2(SO,) (1.6 umol), acetophenone (0.32 mmol) and
HCOONa (9.6 mmoal) in water (3mL) at pH 4.0. (b) The signals
derived from Methyl groups of acetophenone (H,) as a substrate and
1-phenyl-1-ethanol as a product (Hg,) of the transfer hydrogenation.
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Figure 9 13 1 Z MR &9 2 WL R Z )L E Y DK EBEIRE TR D
pH KFHEZ RO D TH 5. A EEaTEKA 2 (1.6 umol)/a or e (0.32
mmol)/HCOONa (9.6 mmol) = 1/200/6000, 70°C, 1M TH /-7, Figure 9
DOREEHD TOF 1 LRS00 D5 — > F—N—F &R L TW5. KONEEIT pH
4 ThoEbEmhol.

150

100-

TOF

50

Figure 9. Il pH-dependent profiles of the transfer
hydrogenation of a (0.32 mmol) with 2(SO,) (1.6 umol)
and 6000 equivalents (9.6 mmol) of HCOONain water
(3mL) at 70 °C for 1 hour. []: pH-dependent profiles of
the transfer hydrogenation of e (0.32 mmol) with 2(SO,)
(1.6 umol) and 6000 equivaents (9.6 mmol) of HCOONa
inwater (3mL) at 70 °C for 1 hour.

Figure 10 1371 )V R ZIWLEW) DK FZRE BN RLR IC KOs D i 78 521 % SR 6D 7= 1
RTHD. Figure 10a IIEHRITH T HFEEA F > DEIVEEDNRIGIZED K D 72
WEEBZ5DO0ERDEZHDTHD. iz, KIGERENMETEHEICEDL S
BEEEBZDDINIONWTHHE LA (Figure 10b). Figure 10c 13 i D FEfH]
BALERARIEZHDTHS. 7IVIA—IDERDY — > F—/)N—FIIRERIT R L
THEMERD, MO HECFEEROERITRNWEEZ 5NS.
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Figure 10. (a) [l: TOFs depending upon the number of mole
of HCOONa of the transfer hydrogenation of a. [ ]: TOFs
depending upon the number of mole of HCOONa of the
transfer hydrogenation of e. Conditions: 2(SO,) (1.6 umol),
0-8000 equiv. HCOONa (0-12.8 mmoal), 200 equiv. the
substrate (0.32 umol) and H,O (3 mL). (b) Il: temperature-
dependent TOFs of the transfer hydrogenation of a. []:
temperature-dependent TOFs of the transfer hydrogenation
of e. (c) Il time course of the TONs of the transfer
hydrogenation of a. []: time course of the TONs of the
transfer hydrogenation of e. Conditions: 2(SO,) (1.6 umol),
6000 equiv. HCOONa (9.6 mmol), 200 equiv. the substrate
(0.32 umol) and H,0 (3 mL) at pH 4.0 at 70°C
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Table 112 1 Z il M & U 7zkk 2 T2 VR Z UL B OKFZB EELE T
SRR, RIS 299V R =)L A #/HCOONa = 1/200/6000, 70°C, pH 4.0
ThHD. KEMEDOHINARZIMEEHMEL T, BRI N> D a, BH#EOT ST
H5 b, 7T NED ¢, RO, JEKEMES K> D acetophenone DiFEAR d 2H 5
Wiz, £z, EKRKBEOINVARZINVAEEWITIZIHFELRT N TH D e,
acetophenone IZE T FI3EZ & DFEK T, FHEBRRKT N> D gaxbHbBWNE.
WINDIIVRZIULEW S BIFIRINHEZ 5 Z T,

Table 1. Transfer Hydrogenation of Water-soluble Carbonyl Compounds (a-d)
and Water-insoluble Carbonyl Compounds (e-g) with
[(n®-CeMeg)Ru'!(bpy)(H,0)]%* as a Catalyst Precursor and HCOONaas a
Hydrogen Donor in Water and in Biphasic Mediaat pH 4.02

substrate product TOFPC t(h)  yield(%)°

(@ 98 4 99

(b) 58 6 97

>=02=<><:>=0
92‘9@?

(©

COOH COOH

o>—
T
[{e]
[0)]
N
(o]
(o]

(d) 103 3 98

4

SO3Na. SO3Na.

OH

(e) 75 4 98

OH

() 153 4 99

d

OH

9) 21 13 97

&g
T

@ The reaction was carried out at 70 °C using aketone (0.32 mmol) in H,O (3 mL)
with 2/ketone/HCOONa = 1/200/6000. ® Turnover frequency: (mol of product/mol
of 2)/h. ¢ Detected by *H NMR analysis.
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KEBHUBILRIEDATZX L

ERU REHA 1 2 AWV IS OKFEBEIRLRETTRISD A ) =X
LZDNWTERLUZ. 1I3MEMEREE LT pH 40 THILERZIVELEMDKHE
BEPETCKIGETTED. pH 40 Tho & HMEEKISOIFEENE W I EI13KkD
2ODHMIZED. (D pH A 4L T TIIE RU REHERADT O N > OBEEDE
BN Z D, B RY REEENDREL TKEZRHT D720, KINEEMET
LTLXS, 2 pH M 4 DETi3kdboro s @BENESL, 7Ok i
KB HIINARZIULEDDIEEALINTE 2 N=HIZ, B RU REFHAIC K 28K
JEZNEE Z DIZ< W, 25 ORFEBENRLE TR O pH K EN S, FAlS Figure 11
D& D BEBIRETHIENEITLTWS EEX . ZOK, 7Ok i3V 1 A
B L THNRZIMEEMITER L TV 5.

Figure 11. Mechanism for the hydrogen transfer.

e

AR TIIKFTT 7 78K 2 EFBA A >0 5, KEBBELR TR IO
MEERE S 72 D) T U A E R REHEK 1 OBRZB IR, TOHEZHS
MmELZ. £z, 1 28R T 5BOHEIKRTH 5 FTEFEE 3 OMEHHS M E
U7z, 1 ZMiE M &9 2 VR Z )b E Y O/KEBREIRGE TR pH 4.0
TERHEENEW I EXb o7z, ZOFERIZKFTE RU REEHKD KGRTE %
W pH ITHEKFEL TNWDHEND ZEERBLTWS. RRIZ, FLIIKFTOH
WARZIMEEYIDOE R REERICEDEBILKIBD AN Z AL EHENE L.
Scheme2 I Z DFERZE D7z,
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KEBRIE

[(n°5-CeMeg)Rul! (bpy)H](CF3SO3)  1(TfO)

0.1IM JKEE{LF R U ™7 A JKIEHR T pH 8.0 IZFRHZEE L 7=, 2(SO4) (0.1 mmol, 53.3 mg)
& HCOONa (10 mmol, 680 mg) & £ /KIEHE (5 mL) Z 7 )L 3 VFEHK T, 70°C
T 10 HEER Lz, ZOEESHADORAENHERI N, RISERIZEH AN 5 R
BIZE(LT B, 10501, KONAWRIZ pH 8 1Z#H%& L 7= NaCF3SO3 (0.1mmol)7Ki&
W (2mL) Z2MA 5 &, WTIO)DILEMNEMRL 7z, KINSEKEZ 0°C TWAHIL,
A X 0 RE WTIO) &7z, T D%, DLEOKTHEL, BT N TS g,
AR Z &z, [IER 33%, 2(S04)%#E]. 1H NMR (270MHz, in D20, 25°C): o
2.14 (s, 18H), 7.48 (t, 2H), 7.93 (t, 2H), 8.19 (d, 2H), 8.57 (d, 2H).

[(n5-CeMeg)Rull (bpy)(H20)](SO4)  2(SOa)

[(n6-CeMeg)Rull(OH2)3](S04)13 (1.2 mmol, 496.1 mg) D /KIEHK(100 mL) Iz 2,2'-
bipyridine (1.2 mmol, 187.2 mg)Z A T, 7I)LO 2 FHA T, =T 12 K
Lz ZOEERBBRITEANSFL O OaICELTS. INRL—F—
TRZEREL, METZET S 2 EITXD 2(S0a)DEADE KR ZS/Z (IR 90%) .
1H NMR (270MHz, in D20, 25°C): ¢ 2.13 (s, 18H), 7.88 (t, 2H), 8.20 (t, 2H), 8.40 (d,
2H), 9.16 (d, 2H). JT& 70 #7: 2(PFg), CooHogF12N2OPoRuU, MG fE: C, 36.32; H, 3.88;
N, 3.85. #HIfE: C, 36.30; H, 3.82; N, 3.80.

[(n8-CeMeg)Ru!! (bpy)(HCOO)](HCOO) 2(HCOO)

3M HCOOH 7KA#E T pH 4.0 IZFHFE L 7z, 2(SO4) (0.1 mmol, 53.3 mg) & HCOONa
(40 mmol, 2.72 g)D/KIEW (10 mL) Z 7 )L T 2 55P% ~, 40°C T 30 5[l
L7z, 30 0%, SRR %Z CHCl3 (5X10mL) ThiH L7=. CHCI3 13 NapSO4
TH L=, CHCI3 ZFrEL %, CHCl3/ YT FINIT—F) THEERETR
> 77 (K 50%, 2(S04) 5 1) . B RIFELICALE TH 5. 1H NMR (270MHz,
in CDCl3, 25°C): 0 2.10 (s, 18H), 7.67 (t, 2H), 7.79 (s, 1H), 8.16 (d, 2H), 8.46 (d, 2H),
9.14 (d, 2H).

K BB B RE T KR
HEMLD pH 2D THW=, 2(SO4) (1.6 umol), HCOONa (9.6 mmol), 7
WIRZIMEEY) (0.32mmol), KUVK 3mL) NS5 ZE7 IV I, 70°C

41



TGSV, RN TH, RInEHRZEKBL, RnzEiE Uz, RONAERY
12 IHNMR THRE L /=,

X B EREN

X #R[EHT OHIE 1E Rigaku/M SC Mercury CCD (Mo Ka, A = 0.7107) Tf57s> 7=, 9
NTDOEHEIT Molecular Structure #:3 DT 7 b7 =7 teXsan & W TIT7
o7z, 1(CF3SO3) D FIEMAD A % J — )V g Z T—7 )L Iz 0°C THLH S
5 ETHEKL . BONZEEITRE, AT, B[P TIROED &N
TE5., AL > Ty 7RO 2(PFe) DL pH 5.0 D/KIEK % =i T,
WY 5 2 & THEZ. BREICRELEN 3(HCOO)(HCOOH) Dt —— R )LIRHE
fld CHCI3 VAW Z T— T I)VHICIEBM S 2 2 & T, IS5 OfERHITnTHh
H05mMMOHITAF Y ETY —HIZEHT, #HlIEL .
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Crystal data for 1(CF3S0g3): Co3H27F3N203RUS, MW 569.60, monoclinic, space
group P2l/c (No. 14), a = 13.371(7), b = 13.509(6), ¢ = 13.778(7) A, B =
107.307(6) deg, V = 2376(2) A3, Z =4, D¢ = 1.592 g cm™3, (Mo K) = 7.99 cnr
1 R=0.044, and Ry, = 0.105.

Crystal data for 2(PFg)2: CooHogF12N2OP2RU, MW 727.47, monoclinic, space
group P21/n (No. 14), a = 10.4363(8), b = 14.969(1), ¢ = 16.966(1) A, B =
92.079(4) deg, V = 2648.7(3) A3, Z = 4, D¢ = 1.824 g cm3, u(Mo K) = 8.19
cml, R=0.037, and Ry, = 0.092.

Crystal data for 3(HCOOQO)*HCOOH: CosH39N20sRU, MW 555.59, monoclinic,
space group P21/n (No. 14), a = 9.1194(5), b = 14.5247(8), c = 17.880(1) A, g =
94.482(3) deg, V = 2361.1(2) A3, Z = 4, D¢ = 1.563 g cm3, u(Mo K) = 7.08
cm 1, R=0.028, and Ry, = 0.064.
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7 i

KPP TOYEEHINI AR IC X 2 REAM OB, & REEDHEKL
(BIEEDOZAEENAE) KO, pH BRSO FEO JREEN SEH TN
TWwa, 1 igiaEE, LIV UHEEETO pH ZEIRZS OGO B FENE
I, B LSERRICALRERMLEYZHRD L TEETHS.

INET, NWIVRZIEEY OB MR T DR ITGIE NaBHCN 2 W,
VERBTBIRONTERZ. 2 LrLEaNS, Zo{bawid el Tt
D BEART, KICORIERYEL THED HCN AR ZKRHT 5. £L T,
ZNUIDDBHBHDIEINETITHE I N TR,

AL TIE[Cp* Ir' (bpy)H]* (4, Cp* = pentamethylcyclopentadiene, bpy = 2,2'-
bipyridine) =&k L, 3 #iEZHSNE Lz, ELT, ZOSKZMBEL, Fik
ZRFBRET BTN HEZIAEEY DOKRFEBHELGE LG 4 &2 pH Z2ickFEd
HEEIEEICER L TgE 2B 2o /2. TORER, ZORINIEEMEEEKO pH
2 TRBEENEWZ ENDNo 2. £, AFETIIKFIZHBITS pH KiF
FIKBEBHALETCRIED AN Z AL ZHS NI L. 51, 1UPTLER
URSHRAEFELIETHELLZILTZULE RY REEE 1 OETIEN ° DLk
HPB o=

EREER
[Cp* I (bpy)H]* (4) D& Bk

b R REEE 4137 7 7 5K Cp* I (bpy)(H20)]* (5) 3 & HCOONa 7 5 fiid f&
Bt B—KENBEEZFZB L TAKRTES. ZOEEHET S CO IFHAY
O hY7574—I2X DRI L7z, Figure1 12 4(PFg) D LG 2759 . 4 13 Cp*
BT, bpy BAALF, B RYU REMFNSRL/\HAEE THS. Ir-H [T
1735)A Tho7z. 6 ZOX D7k CBHEERER D XS RER AU DY
LE R REAOHEENHS N ER> RIS ETICR N, £, P TE
R U REALFICKRERE S ISBIEI S Nah - 2.

Sk 5 & HCOONa DRI LB BU REHA 4 OB TIERISHEETH
L XSRS S N o7z, ZOMEMBIIFEREAN S OBLREEZ LS p—
IKEBED R NITHEITTHNE TH D EE R,
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Figure1l. ORTEP drawing of 4(PFg). The anion (PFg)
isomitted for clarity.

AU LE YRR 4 OEZHR LZOT, KITKHFTOREAMEHEH
720D 4 DERRD pH IKFIEIZDOWTHRET L. 4 DEKRD pH &EFEERIT T IV T
>F, 5(S04) & 100 %4 E®D HCOONa % 70°C, % pH T 5 RIS, Kt
BeWz IH NMR THIE T 5 Z &N 6RO, TDFER%Z Figure 21R7. &
RU REEARIZ pH 3 L ETIFIE 10006DNETERL TNWD T ENp o7z, Ln
L, pH3EXODTFTIFERTSHE RY REMEANT O Mk 5K EEZT, KFE
ZRHL, 5 ZRAETAHEORINAERF TOE R READEFETEIIZHA L 72

(e0.1). ZOEERAETLZH N AIHA /O T T T4 =XKL .

+

[ Ir—H] + HzO" o

[ |r_OH2 + H2 (eq 1)

Ir = Cp*Ir''(bpy)
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Figure 2. pD-dependent formation ratio of 4 (@) in the
reaction mixtures prepared by the reactions of 5(SO,)

(5 umol) with 100 equivalents (500 umol) of HCOONain
D,O (1 mL) at 70 °C for 5 minutes.
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[Cp*Ir! (bpy)H]* () DHEE

HEEL72t RY REEK 4 OEICOWTHNZ. $HK 4 1 38KP TBREICR
ZETHDHN, FARTIIZEKRF TIROHED TENTES. Figure3 1T 4(PFg) % IR
THIE LR Z2/RT. Ir-H #EE OMfE#kEN 2088.35 cml THhHh-o7z. T3
—ixEV7aRKui b B U REARD M-H & OffEdikE) (2100-1500cm1) O #ipHA
Thbd. T /=, 4 D R REAfIT% D ICEMBLZE A, Ir-D Fie Ok
RENT 1426.3 em L ict a7z (Figure 3b). —fRIZ, MR Z W= 7 F
WL eq. 1LIZHE-> T, TRETES. IFH G606, HKFEE#HZIT/2D & 2088.4
X 2V2=14767cml L7320, ZOFHEMEMETEBRICS V7 FIVBmIETE .

1 / f m;mp
V= —  (eq. 1) m = ——— (eq. 2)
2 my mq + myp

v=iRBNE, -REDEEZHSDOTEH
m =5 HE
my, my =RF1,20HE

Figue4 I pH5, EAKFD 4D HNMRF v — b ZRT. I-H DT 7 F)UZ
-11.8 ppm IZEIHEI SNz, 4 O R REALFILEKF, 70°C T H/ID 21T
729 (eq. 2). Figure4b 2 4 2 pD 5.0, 70°C DE/AKHP TGS EZEED I-FH @
IHNMR > 7 IV ZERT. Ir-H O3 7 IV 60 2 ZICIFIFHRTH. ZDEE,
Z DR E 2HNMR THIET 5 & Ir-D 28-11.8 ppm THiH S 417~ (Figure 4c) .

Ir = Cp*Ir''(bpy)
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(b)

Absorption

2400 2200 2000 1800 1600 1400 1200 1000

cm?

Figure 3. Infrared spectra of [Cp* Ir'!(bpy)H] (PFs) (4, &),
and [Cp*Ir'"!(bpy)D] (PF) (4¢, b).
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(a) | ]+
Water Cp*

Tl
| \N/ |\H
Z VAN
|
4
HCOO®
4
bpy \ TSP
N J i
I. . L
[ T T T T T
10 6 2 -2 -6 -10
ppm
(b) - (©)
Ir-D
i
0 min. f
| |
-11 -13
60 min. ppm
e
I |
-11 -13
ppm

Figure 4. (a) *H NMR spectrum of the reaction mixture of 5in D,0 at 25
°C at pD 5.0. TSP: the reference with the methyl proton resonance set at
0.00 ppm. t: an impurity. *H NMR (300 MHz, in D,0, reference to
TSP): 4:61.78 (s, 15H), 7.62 (t, 2H), 8.11 (t, 2H), 8.29 (d, 2H), 8.90 (d,
2H), -11.80 (s, 1H). (b) H/D exchange of 4 (5 umol) with D™ (0.1 M
DNO4/D,0, 1 mL, at pD 5.0) at 70 °C monitored by *H NMR for 60 min.
The signal at —11.80 ppm corresponds to the hydrido ligand of 4. (c) The
signal of the deuterated hydrido ligand of 44 by 2H NMRinD,O .
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KIZ, HD D AN Z AL DNTELRT S, B RY REK 4 13HhFA4 >
HAETHD. DD, ZOKEZEM AR 18 E|FHARICT O R 2234
LTWBEBZDIENTES. LTS 7O 3EBD DY ERZHL
5%. LT, 4Ot R REALFORH72 HID 3N Z % (Scheme ).
OMEIZE FU REFOTO N I ETHSD. ZOXDRKFTOHFF >
P R REEARDIE 7O N Ve Z £S5 rli7s HID SHSEEIC Tyler 512

EoTHEEINTNS (Scheme?2). 8

l\N/I[L\H/D — N/“\N + H/D”
= = =
| D20 \ 7/~ \_/

Scheme 1

CH_| + CH—I + H2_| +

dl OD2 - D2O d\/ \ \KH

. [
&N oD Y op M~ op
+D,0
CHj CHj
-Dt || -H*
CH2 c;|-|2 H2_| +
& ob, —-Dy,0 @ d D
v -2 \ | Vel
@ + D,0 @ OD oD
CH CHa
Scheme 2
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7z, 4 IREBRBEEZB IS5 RY REMEKREL THIRZIMEEY OEIT
FOtZfT725 . YUBERKINEMET, 413 pH 2, 70°C, KISKR 20 79 TKRIEED
cyclohexanone (a), FE/KIAEMED acetophenone (€) & Xtz L, cyclohexanol & 1-
phenyl-1-ethanol ZZNZHUNEK 43%E 40%TH 25 (eg. 3). TDOEE, $ik
WEHINHRZIALEOEITLZITIROUING, 7O ERISL, KEOFEZE
fIlz>o T3,

(PH
- /@\ H* [ Ir—OH, * Rl—?—Rz (eg. 3)

RT Rz H,0 i

[ I—H

Z LT, 413 SRS (477K =)V L& H/HCOONa = 1/200/1000), 70°C,
pH2 Ta, eZMnd 57 IV —)LIZINER 9% TiEILT 5 (eq. 4).

Yy
| 4 5 H
C + HCOONa \/A R—C—R, + CO, (eq.4)
N 1 2
R{ R, (excess) H,O E

ZZT, ERYREK 4 OHBICIONWTEEDDE, 4 13KP TR
RYU RJEE 27O VB0 2 DO0OMEZERT (eq.5).

+

r + H —— [ I—H] I OHs H (eq.5)

H,0

ERYU REBHRICK B KEZLEHIE TR

Figure 5 I 4 ZfliGtEfE & L THWZ LR ZI)UEEY DK ERBENRGE T
ROG®D pH K ZRT . RONIEAERTEXAE LT 5 (1.6 umol)/a or e (0.32
mmol)/HCOONa (1.6 mmol)= 1/200/1000, 70°C, 15 /it & 1172 ->7=. TOF IZ
1 RS20 OfEDIEEZ R L TWD. ZOHE, WINoHILRZIVEE
MHpH2 THho EBIEENEN 2.
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Figure5. @: pH-dependent profile of TOFsfor the transfer hydrogenation of a
(0.32 mmol) with 5(SO,) (1.6 umol) and 1000 equivalents (1.6 mmol) of
HCOONain water (3 mL) at 70 °C for 15 min. O: pH-dependent profile of
TOFsfor the tansfer hydrogenation of b (0.32 mmol) with 5(SO,4) (1.6 umoal)
and 1000 equivalents (1.6 mmol) of HCOONain water (3 mL) at 70 °C for 15
min. Il: pH-dependent profile of TOFsfor the transfer hydrogenation of b
(0.32 mmol) with 2(SO,4) (1.6 umol) and 6000

equivaents (1.6 mmol) of HCOONain water (3 mL) at 70 °C for 15 min.

ZZT, 1 oML EEETEo7z. MIFMETIT/Ro7% 112L5 b OKFE
BEALE TG DFRERTH D, 413 1 S LU TRISEENR 4 FE<, o
EBEENEVWPH B ANSE 21235 ENTo Tz,

Figure 6 & 4 ZAMBIEMER & U772 1V )L &Y DK FR EVELE TG D
RIS 2RO I-FERTH 5. Figure 6a lIEHAICHT B FEEA A4 > DTV
MEBNCEDEIRBEEEFZDDONERDIZODTHS. £z, KINREMN
BRI ED X O BEEE 5 X 50 b e L7z (Figure6b). Figure6e (&%
ISDOREEELZRRZODTHS. 7IVIA—IDEKRDY — > F — N —5 Ik
MW L THEMRERD, MEOSRITENnWEEZ5NS.
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Figure 6. (a) @: TOFs depending upon the number of mole of HCOONa

of the transfer hydrogenation of a. O: TOFs depending upon the number

of mole of HCOONa of the transfer hydrogenation of e. Conditions: 5(SO,)
(2.6 umoal), 0-2000 equiv. HCOONa (0-3.2 mmol), 200 equiv. the substrate
(0.32 umol) and H,0O (3 mL) at pH 2.0 at 70°C. (b) @: temperature-
dependent TOFs of the transfer hydrogenation of a. O: temperature-dependent
TOFs of the transfer hydrogenation of e. (c) @: time course of the TONSs of the
transfer hydrogenation of a. O: time course of the TONSs of the transfer
hydrogenation of e. Conditions: 2(SO,) (1.6 umol), 1000 equiv. HCOONa
(2.6 mmol), 200 equiv. the substrate (0.32 umol) and H,O (3 mL) at pH 4.0
at70°C
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Table 1. Transfer Hydrogenation of Water-soluble Carbonyl
Compounds (a-d) and Water-insoluble Carbonyl Compounds
(e-g) with [Cp*Ir'"'(bpy)(H,0)]?* as a Catalyst Precursor and
HCOONa as a Hydrogen Donor in Water and in Biphasic Media
at pH 2.02

substrate product Torbe t(h) vyield(%)°

(@) 376 1 99

3
(b) )i/ ﬁ/ 150 4 99

H
©) /ECOOH /ECOOH 481 1 98

H

(d) i@\ i@\ 419 1 99

SO;Na SO;Na

H

©) i@ i@ 343 1 97
H

() F3CE\© F3Ci© 525 1 99
H

00O 0O m o

2 The reaction was carried out at 70°C using a ketone (0.32 mmol) in
H,O (3 mL) with 5/ketone/HCOONa = 1/200/1000. ® Turnover frequency:
(mol of product/mol of 5)/h. ¢ Determined by *H NMR analysis.



Table 11T 4 Z g 1 & U 72 kk 2 72 1)V IR WL B DK EB B ELE ST
JEERT. USSR 517V ER UL & #I/HCOONa = 1/200/1000, 70°C, pH 2.0
ThHd. KEEOANARZILEMELT, BT b D a, HEOT ~>T
H5 b, 7 ED c EIEKIENMES B> D acetophenone DFER d 2. F
7z, JFEKRBEDINARZIALEMITIZHEE S N> Th % e acetophenone 12
BTHRSIEZ S DFEMR f, FEBRRT >0 g ZHWE. WdnoB)ILR
ZIEEMBRIE THE Lz 1 1ICX 2/KEBEBHELE TS & FIERIC, BIF72IT
RrhZ .

Figure 8 IZH'E d O/KFEBENALEITLISDRINEEGYID IH NMR A7 ~)b
9. dIFRRIE EBITHIRNT A TILIA—INIZ 41X > TEIILSN TV .
X7z, 4 13EAKFTIE HD KRS ZEB TS DT, KIBERHDOT IVa—)b
D 20%\FEARFA T NI DIAEN .
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HCOONa

4 5 H
NaO,S D20 Nao,S
d Product
HA
0.5 min TSP
5
4 \ Hg
) i _
2 min
A Lrll-l'll'l._ |
4 min
| LA _
T T T T
3 2 1 0
ppm

Figure 7. 'H NMR spectra of the reaction mixture of 5(S0,) (16.7 umal),
d (0.33 mmol) and HCOONa (1.67 mmol) in D,O at pH 2.0. The transfer
hydrogenaiton of d monitored for 4 min. The signals derived from the Cp*
ligand of 4 and 5. H 5 and H g express the signals of methyl group of d and
product, respectively.
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KEBHUBILRIEDATZX L
b RU REHK 4 Z WDV ZIUEEY O KFEBEIRLRE TR IS D A T = X L
IZDWTERT S, £9, 4 37 V78K 5 EFBATNBT 5 EITEX
STHERT S, 413fEIEMEREE LT pH 2.0 THIVLARZIULEY DK HEB B
BRI ZTTIZD . pH 2.0 THRO MBS OIEENGWEHIL, T2 ULst
RU REEER 1 2 WS ERBROEH T, XD 2DI1L%. £ns5id (D) pH
M2 LIFTIde R REHAAND T O k> OWEMBLEMITEZ D, KISIEEN
FLTLED, (2 pH N2l LETIdAkTo 7o s BENEASL, YOk
KB IR ZIUEEYOIEHALINTERWEZDIZ, B RY REMKICK 212
TN BZDIZKVWINS THSH. ZOKFEBERLEITCKIED pH EKEN 5,
F 4L Figure 8 DL O BBBIREZRE TKISDEITL TWE EEZZ. D&
BIREETIE, 7O b3V A E L THIVARZIVEEMITIERH L T 5.

X "
- C= 0 H*
A N/ l /
| N R>
| F

Figure 8. Mechanism for the hydrogen transfer.

AVPTLERY RSEEEINT=ZTIALAE RY REBED KINHED B

AV PTLE RY REEK 4130720 L RY REEK 1 B LT, fluiiyg
PN 4 f5E< B Uz, £, mBEENEN -7 pH Y 1 OKFEBEHALE T
FIETIZ 4 TH-7D, 4TlE2E7Bo7 (Table2). IMIZZINSDOHEHIZD
WTERT 5.

AV TLT VTR B IIKA T pKa=6.6 219 Z EDLLRTOIFEL DB S
MER>TWVS (e9.6). X702, WTZULT 77K 2D pKald 74 TH % (eg.
7. INSOFRERNS, 5132L06 70 ATy REEEREWZ E0NbN 5.
TDD, 4 DFLEBTHDIUPTUALT 1L ODIVTZI LKD) A AERMEE
WEn., AU T ZOLXOIVA ABREENSENZ ENS, ERUR
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FRICBNT, IrH #EDIES 72, Ru-H #EEXD BB, LT, 2 IR
WX DHEFRERENSS I-H (2088.4 cmrl) > Ru-H (19164 cml) ©nd. =
Dz, 4131 X0HTOPICEBBBIILETHD, 4 13HNEFIVESE
W OIKFZBE AR TTSOS BN TR DBEERITEEN®E<7/RD. 2oL D724
\& NaBH4 7% pH 7 fHE CTRITIEEZ /R T OITH L, EBFREIHOT T/ HE2H
9 % NaBH3CN 1Z B ¥ DIV 1 AWHEEN LR T 5728 pH 3 THEMEZRT Z
cTHISNTWS. 1 E/z, KEBBALGETKIGIE Figure 8 O X 5 7IERIRE
ERTHEITTHIENS, KOBEMTIEEEZRT 4 DIES5N 1 X0 6K
D E .

Table 2. Transfer Hydrogenation in Acidic Aqueous Solution of
Acetophenone to 1-Pheniyl-ethanol Catalyzed by Metal-Hydride

compounds
H
M-H
—_—
H,O
M—H pH TOF®

[(CeMeg)Ru'(bpy)H]*, 1° 4 75
[Cp*Ir'"'(bpy)H]", 4 * 2 343
NaBH;CN 3 Stichiometric

& The reaction was carried out at 70°C using a ketone (0.32 mmol) in
H,O (3 mL) with 4/Acetophenone/HCOONa = 1/200/1000.

b The reaction was carried out at 70°C using a ketone (0.32 mmol) in
H,O (3 mL) with 1/Acetophenone/HCOONa = 1/200/6000.

®Turnover frequency: (mol of product/mol of 1 or 4)/h.
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pK,; = 6.6
2+

[ Ir—OHz] S [ Ir—OH + H*  (eq.6)

Ir = Cp*Ir'!(bpy)

pKa =7.3
2+

_—

- | RuoH |7+ W (a7

[ Ru-OH,

Ru = (CgMeg)RU'"(bpy)

e o

ARWFFE TR TRFBSERLE T SOSOMEENTH L1 T LERY
Réifk4 OGS N E L. 4 ZBHEHERE ST 27V RZ)UEEY DK
FEEFALETONE pH 2 THo EHEMENE LS, BETHRE LN T ZT A
ERU RSMA 1 X0 BMBERNREN. 1 UPTLE RY REMEZ W
IWRZIULEY DR TOKRFEBERE TG E Scheme3 TR &0 5.
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Scheme 3
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KEBRIE

[Cp*Ir!l(bpy)H](PFe) 4(PFe)

pH 5.0 IZF#% L 7= 5(S04) (0.1 mmol, 60 mg) & HCOONa (10 mmol, 680 mg) % &5

KEWE (5 mL) Z7)Vd2FEREL T, 70°C T 10 ERLEZ. 20 EX3E

DFAEEMR LU=, 155301, RINEIKIZ pH 5 1Z8H%& L 7= NaPFg (0.1mmol) /KA

W (2mL) ZMA 7z, APFe)DILIBMNAER L, KIGEIRZK THAIL 2. ERk

L7t APR)lEAMICK D EINL, DEOKTHESL, WIFE N THEL .
(V2 35%, 5(S04) H:¥E). 1H NMR (300MHz, in D20, at 25°C): o -11.80 (s, 1H),

1.78 (s, 15H), 7.62 (t, 2H), 8.11 (t, 2H), 8.29 (d, 2H), 8.90 (d, 2H).

7K & By B8 o KO

HENUD pH ZHRDTH W=, 5S04 (1.6 umol), HCOONa (9.6 mmol), 5
WIRZIMEEY (0.32mmol), KUVK 3mL) NS5 ET VI, 70°C
TRIBIEZ., KK TH, RREHRZKEL, RInEEIELE. RKISERY
& IH NMR THE L 7=,

X B EREN

A(PFe) D& IR D XA ¥ J — )V IR % T—F )LVHIZ O°C THIMSE5 2 &
Tz, ZO/EIEAL OO/, AT, ZBXHPTROES 2N TE, AR
05 mm OHITAF ¥ ETY —IZANT X #EFT 21778072, X BREYTO
I 1% Rigaku/MSC Mercury CCD (Mo Ka, A = 0.7107) Tf778 5> 7=. TR TDEHE
i3 Molecular Structure #:E DR 7 b =7 teXsan ZH W T/ > 7=,
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BORINAJRE & 72> T2 BRIT R E W, S SICHTE, #i/z7a/K & Al 5812 m)

F, BIERMTRDLNTNS.

Cat.
H,C=CH, w

Table 1.
Cat. Cocat. Ref.
[Rh(Me)(OH)(H,0)(Cn)](TfO) 20
P SbF
~N7 \NCCH3 (SbFe) [Rh(CH,=CH,),(acac)] 21
Ph Ph
\/

Na03S P\ P Ph
| NI [Rh(CH,=CHy,),(acac)] 22
O “PPh,

AL TIZEICO T T = AL B Y ARSI I ZKHPTD pH 2EIRAY
HERIBZITI2, KPP TOHMZRES OSDBFED ATREMEIC DWW TR L 7.

23
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K TOYEEEINEEERHROAEEIBEHOMEHZR/NMNEEL, 205
HamzRET 52 &, &Y, pH ZERERRISDOHFENTRE L 725 D TiEH
ENTWAS. 1 b RY FSRIIRISSEME, kT, EEICEK > THL IR RIBHEZ
RY. 2 ZOHTHL 74 VEOE R REHANDOIFAKINIIKHEL 3, ER
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& 7T ERWT, —RICEESEEREHWSEMNES TIIKIIMER THo /2. 89
LA, W< DNDOY)—TIZ K DIEZAME)EZ A WZKE TS 2 Al &9 5
BEERISDBFE SN 100 ULnLAans, Mllokst, MGRFEOREREE
PR Z2H L. T LT, INEXTIKRKETTE R REkZH
WEEGKIGEHRE SN TR, RS TIIFEITEE TIZ, KEEILTZU A
bt RYU REEA 1 7% pH 4 THINRZIMLEY DKFEBRBIRLE LG 217725
CEHENE L. B RETITL ZMEEL, ERY REERANDFL T4 2D
FARZ L B8EROT INF Iz ET HKFTOAFL > OEEGKINTD
WTHET % (Schemel). 7z, RISHFRHADOEEBRAZITRN, IEANTZ
ALz L7z, 20T, RISSGMHET pH ITER U Tk Lz,

EREER

Figure 1 (a) 13851k 2(SO4) (18 umol), FEF LU A (L8 mmol), KA
F 1L > (180 umol) % HpO/PhCN T, 95°C, 10 /fHf & 7z & =D PhCN
D ES-MSAXRY MV THhHBH. ZDOEE, RINSRIIE AN SERBIZELL,
PhCN M ICHE AR NIAMH T 5. Mz = 553 &8 - REMBESZHT D
[(CeMeg)RuUll(bpy)(CH2CH2CgHg)]* (4) DM S 72, 4 13 R REHMA 112 A
FLONEALZSEARTHS. Figure 1 (b) 13RSz 4 DRNAED/HTH
0, FHEICKBRENMES T (B) EX<—HLTWD. miz=629.2, 733. 3,837.3
DT FIVEBIC—FHL, TIENn=1(),2(), 3 TH5. ZiH5DHHAEN
ESI-MS TR EINZZENS, EMERICEDRII—DNERTLHEND Z
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Figure 1. (a) Positive-ion ESI mass spectra of the reaction mixture of 2(SO,), HOONa
and Styrene. The reaction was carried out at 95 °C at pH 7.0 in H,O/PhCN (4/1).
2/HCOONa/Styrene = 1/100/10. The signals at m/z 525.3 (b), 629.2 (c), 733.3 (d) and
837.3 correspond to 4, 5 (n=1,2 and 3), and at 420.1 is supposed to the fragment ion
[(CeMeg)Ru' (bpy)]* of 4 and 5. [(CeMeg)Ru'' (bpy) (HCOO)]* and

[(CeMeg)Ru'! (bpy)Cl]* ions are observed at 465.2 and 455.1, respectively. Calculated
isotopic distribution (m) for 4 .
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NMVZIRT. miz=526.2 D7 F)LIiZ[(CeMeg)Rull (bpy)(CH2CHDCgHg)]+  (4g)
Thbd. ZORRED, FHMSERTHE RY REHE L ICAFL N HEAT
% LRI NIz Mz=4202137 57 A > A F > [(CeMeg)Rull(bpy)]* TH D,
m'z=466.1 O 7 F)L13[(CeMeg)Rull (bpy)(DCOO)]* IC—FT 5.
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ESI-MS IC&X 2 AF L > &b B REHE 1 ORINERYN SKFTRY AF
L>OEENARETH D EEZ-. £ I T, 2 & HCOONa O I SRR I Kb E
DAFL > &MATz (2IHCOONa/ AF L > = 1/100/1000).
FEIK 2 XA A INR LUK EAF L MO 205725, pHS8, 100°C,
1 R ORIGT, RONSIRIZE AN SIBREAICE(L L, RISERICERN L2
WICBRIET 25 Z 2R L7z, TablelIZRY AF L OES KGO RERT.
pH 8.0 THRU AF L UNIFENEL D EE (My/Mp=18) ZRL7Z. TOEINS,
HERKINES 7081 R THETLTBD, ES-MS I X2EAS RO
E—HLTWA. Figure 3IZRU AFL > D GPC DHIEFERZRT. £z, &
BRI HRY AFL > OkEIE 13C NMR Ot S, YARHRAIMEDRWY & 7

(b)
466.1

420.1

526.2 515 520 525 530 535

| | | | | | |
400 500 600 700 800 900 1000

m/z

Figure 2. (a) Positive-ion ESI mass spectra of the reaction mixture of

2(S0O,), DOONaand Styrene. The reaction was carried out at 100 °C at
pH 8.0in D,0O. 2/DCOONa/Styrene = 1/100/10. The signals at m/z526.2

corresponds to 4, at 420.1 is supposed to the fragment ion [(CMeg)Ru'-
(bpy)]" of 4 and 5, and at 466.1 agrees with [(CsMeg)Ru' (bpy)(DCOO)]*
(b) The signal at m/z526.2 and calsulated isotopic distribution for 4.

Fv I ThHhbEREL] (Figured). 13
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Table 1. Results of Styrene Polymeriation by 2(SO4)a

Entry pH Time (h) Yield (%) Mg, (XlO?’)b M\/M,,
1 8 1 15 43.3 1.8
2 8 4 38 84.9 1.8
3 8 8 62 101.1 1.8
4 2 8 18 42.0 24
5} 10 8 o7 97.1 1.8

2 Conditions: 2 (3.75 umol), 2/HCOONa&/Styrene = 1/100/1000, H,O/Styrene = 2.5
(mL)/0.43 (mL), 100°C. b Molecular wei ght was determined by GPC.

Response

I I I |
15 20 25 30 35 40

Retention Volume (mL)

Figure 3. GPC trace of polystyrene obtained from the reaction
of styrene (3.7 mmol) with 2(SO,) (3.7 umol) and HCOONa
(0.37 mmol) at pH 8.0 at 100°C for 8h.
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Figure 4. (a)*3C NMR spectrum of polystyrene obtained from the
reaction of styrene (3.7 mmol) with 2(SO,) (3.7 umol) and HCOONa
(0.37 mmol) at pH 8.0 at 100°C for 8h. (b) The singal of C. (c) The
signals of C* and C?.
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Ii[#1775 > 7=. Figure 5 IZEAKIED pH 707 v 1)L Z2R:9. Kl Activity
WSEAEEZRL, g0RY ¥ —IU&E) mmol-1(fiilft) hil TEINS. TOHE,
HEIEEIZpH 79 THROEEWZ ENDY /2. ZOXDBRAFL > OEE KL
D pHARFEIIRD 2 ODDOHHICEL D EEZLND. (D) B L1EDOWZELD, pH
M6 XDNINEZIRIERY REERNTO N K DWEEZT, KFEEKH
LTLES. 207D, AFL 2Ot R REEERANOHAKISHNIHEEN, &
BEROGINETLIZ< W, (2 pHN 10 A ETIZ 2 7o s fbL Tk RO
Y BRI [(CsMeg)RUll(bpy)(OH)* &2 £ Bk 5. £ L T, ZOKIEIFEE 14> &
RIGLIZK < b RU REERDOERMBEESND. DD, HERINNETL
AYRY
Figure 6 [38H/K 1 @ pH ITIREFE L 72AERERL TWS. 20707 71 IILDRK
MIZ Figure 5 OFNEXL —T D, 2O &It RY REERDAERNES X
JIRDIEMEZET > FO—)L L TWB Z E%RT. £z, FBNEELBRWERET,
SRR L N pH 8 TAF L VEHAZTRD L2l Lz. 351, 8RB L <
&, FEBA A NEELBWRETT, EGMDET LN MR L.
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Figure 5. (m) pH-dependent profile of polymerization of styrene with 2(SO,)
(3.75 mmol) and HCOONain H,O (2.5 mL) at 100°C for 1h.
1/HCOONa/styrene = 1/100/1000. Activitiesin units are expressed as kg (total
moles of catalysts)* h'* were determined by weights of obtained polystyrene.

100 —
80 - A0
60 —
N
40
20 — F
0 mim |
| | | | | T |
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pH
Figure 6. () pH-dependent formation ratio of 1 prepared from the reaction of

[(CeMe5)Ru-(bpy)(H,0)]1(SO,) (5 mmol) with 100 equivalents (500 mmol)
of HCOONain D,0 at 70°C for 5 minutes.
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FINETRTTIVT VFEHKA T TR/, 5N CD pH ZHEL THW
72 2(S04) (3.75umol) & 100 4E D HCOONa (0.375mmol) D7KIEHR 2.5 mL
IZAF L > (375mmol, 043 mL) ZH1A, 100°CITHIZL, ML <L Z.
KIRE 2 %R T, EAERIEIAFL ICRESOFEICED ST, AU TH-
7=, OSEFE 0K T, KINEAWE O°C K952 &THRIGEFEIELE. Kk
BEWMZ 200mL DAY J—)LHIZmA 5 &, BEEORY ZF L kL 7=.
AR LAY AFL VEABICKOED, K, AY /=)L THEL, #ERLE.
ZTDHK, RUX—EXR VU ICHEMRIE, FEEZRICIOBEEDRNRY T
—ZEIR L7z, WRIIESNER)I—DERNSRD .

5 FRAIE

AU ZFL DTl GPC (LC R 7 : Gilson #1:# Model305, fHigs :
PolymerLaboratories (PL) #h#Z&FEEEELMR HIZS PL-ELS1000, 715 A @ PL fk
# Plgel Mixed-B) THIE L=, B> 73 1,24 MU 7 oaR >+ 212 2mg/mL
TIBMREE-. BEMICIE oo oo 2R L. MEkid PL ksl
BEHERL R ) AF L > OBEIEN S RDT=.
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b RU REMRITRE, KUY, RIBGEHEITEFEL TRa B nEZERT. 2L
T, ZTORISHEZKPTOWEZLEE 7O ZDOBREICHINTH S, KIEKD
pHIZEE S L <IF, HWEZMA S I ETHEICHBE TEL/NTIA—F—ThHD,
KEEHEE B REMAOZEMRICRKRESHE L TWS. /=, KPTETob>
LB HEOFEMEHER TSN, T0ED, pH KHEHT B LT, K
TKEMEE B U REEARZ Ml &9 2 RSO HE ATREIZ/R 2 D TR NWN EE
ATo. AT, KEMHEE Y REMEAZGR L, TOHKZME ST 2 pH
BN SR OB EZ BN E Lz, UUF, AR ERET 5.

BICRETH D 2 FMEOKEMEE R REHA[(CeMeg)RuUll(bpy)H]+ (1) &
[Co* Il (bpy)H]* (4) ZERRL7z. INSOKIIKEZRMNFELTHDT Y
7 $iKR[(CeMeg)RU (bpy)(H20)]*  (2) &[Cp*Ir'li(bpy)(H20)]*  (5) & FMe1 A
CORIEMSERL, X #EN, IR, NMR THEZvE L7-. BRI Kisik
TINSOEKIITO N> OREEZ T, KEEZRBLTTY V7 78iKkERSD
EMbhoTz.

FIVIRZIUEEW DT IV A=) ~DIRITIE & R U REHRD S92 B P8 K
INTHD. 1 2L, FEBA AL 2KBRETDIHNINHRZILEY DKE
BEIRE ST IS E KBTI/ B 1 358 1 =5MR). To/E, oMb
13 pH 4.0 THERBBEBICEEDNESWZ ENDM o2, ZIULKRD 2 DDHEHN S
AL 7=, (D pH 2% 4 AR TIE RY REHERAD T O h > OBEBENMELIICH
20, INEEMEFT S, (2 pH 2% 4 DLETIZKAFO 70O b RENED
L, 70 XD HNARZIVEEYDIEHALNTE R NZDIZ, B R R
RIZEDBILKIENB DI, ZDEDIT 1 DHIVRZIULEYDKFER
BIALRETTROSDIEMET pH ICEASIND Z &2 R LTZ. £ LT, pHIKGEDKSHE
B#RETKISED AN Z AL EIICO TRE L. £k, 4 2l L, FHE
A F 22 RFRRET B TIVRZIULEY OKFZBERLE LRGN H K T2 >
7= B 1E% 2 =SM1). 413 pH 2.0 TEITEENEWEDN S 2. ZOHH
I$ 1 ICKBAREBEFAETTRINEFETH o 2. £z, RUHIVARZIUEEY
ZREELEYE, 4D pH 20 TORITIEEIFLIDO pH 40DZNLD B, 4145
RKENW. ZHUIIFH SN REH AL 0B 7O TR L TEZETH D 2 &,
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B, KIBANZ A LIS L.

FTL 7420 FU REMEANDOFARNIEGRKIGDAY —hELTEET
H5. 1zl dH5AFTL >0 pH BRWEGKCZETTR>72 G5 2 #EE 1
). BEECOPHEEIT ES-MS TR Lz, ZO#R, b BYU REHRIZATF
LomEgHAL, RUX—MNERTDHIEEZMHRB L. £, ZORIGTH
S5NBHRURAFL VI TFENK 10 T TEHEEN 1.8 Tho/z. LarLan
5, MARKEAIERERIS N o2, BEERISOIEMEIZ pH 7-9 TR EW. +
FUTpH 7-9 Tk R REERDNTHAPNICERT D720 THS. AFERITKFT
ERU REERZDEVWEEGKIGOHD TOHTHD, KFTOESKILDIE
I pHIKGET B &2 R,

DLEDOWIZRIZE D, ERY FEEOKRIGIZFREED pH TERMITEZ S Z &
Whinolz. £k, ZOWIETESNLHERIISE, HlKPTO pH iR
HYELEH 7O ZORRBICEERMAE 525 MG T 5.
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AWFFRIZEE DR EER AR PERE IS NBEE (B A HERP)
DEFEDH LB I/ DTY. BN <HEEYE, HiErzEEELE
WHNBERI DN S L B ET. EHEE 3 FRE0, RIRKZOREE
B—BIROME 7Oy MsmL, HigEEEEE L. @Y REEE,
HEREZEEELABER -BIRICONSBEHB L EFET. £, A% %E
BIRDITHZDEEZ D > TEHZEEETE W/ /NLHRFB B (B« KK
2) LS L BT ET.

AWZEICBIL, WU S Z2EHE £ L KIRKZOFR SEHZEIR, KBk
ML RZOEEEERICESELE L LT ET. 32D 51247204 < 0
BFEBLREBZZHEHEZE L ERRKFZOREHEE T, HHERFEO LEFRESR
LIRS BB L EIFEd. HRanEZREMz2RA THESE, »OFRTER
L TCHEWZRHERE L, sRREL, MEBHELICEREH#HBL EITET.

HARBEGETHEEERIB O TRINWE LS TR ERORE =
FEFEh, KRHHRS A, KRERKZFTFSWE - i LFH R E
DERVNEA S VITEHH L BT ET.

BAVE K AAEREPICHEFEETE E £ Lol —30%, Has b 2se = o8
BRI L BT ET.

RIRFED, TR AW AT B e RIEL VIV — 7, A ERFRER
M RHE IO IE S, KO, KIRRPRZR LA R E - R TP HER
WEMEEORE, #iHE, FlE, BREFEOZDOXADLITHKRLETS
NELLZEZZZITHELL, BMEEITRDELEALITEHNZLET.
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