JmEKRFE
MEIMIEEZ—

A2JUI") 9()119]95‘ 1% S]S/([DMV AD[1I2]0




H &

(% B 5)

PRI SR B S — OFEE A RO T § e mEanikEeos—g bR &iR 0 e 1
(B2R 247 7 BF)
VTR TCEESIL [ .
FRIFTIANLL DA PETTER mm o ’
eBublIOEEIELHALES T o CE B ‘
—BRIRE T =t RO A ” HRIN Hfeth
Solvent Dependence of Optical Resolution of - ﬁ{ﬁEGiU?/[ _________ 15
a~Methylbenzylamine Using M-Tosyl-(9—phenylalaine B o
A IOERT
&
Synthesis of Asymmetric Bridging Ligand, @~ S —— Tﬁ:: %:!: ......... 21
trans-1,4-bis(1,10—phenanthrolin—4—yl)—1-butene SR e
JE L]
(£E@mBEITDE)
Ekﬁﬁg}ltﬁy]j]@:/)b N e T SRR /J\$4( déﬂ,f_j‘ ......... 27
(RZED 2 FF)
ks RS
%{&%@ﬁ@%&f:i@ ................................................ B B #— = %D% ......... 30
HE B
(Htkigsam)
Muse gL A0 — AT AT OUNT eveeeeereneee BB i AR LIS e 38
= ES
ICP# 53 /3 W44 (Optima 5300 DV)fES o PRI = ?EE ~~~~~~~~~ 40
(o5 —&Y)
T 1 QAF FE RS B AS feh FHATEJE8EHE  vovveveomeeeeome ettt 49
TR ISR FETE TR TR covveerreerreosrenseenss ettt 50
ﬁygaé\%%;i%%.ﬁg?ié%% .............................................................................. 55
RIS FEEBRASTI I GERE  vovveorreorresresrenmen e e 57
s o o AP FEE P



(% B =)
B o 3k 2 — O &A% O T

MEomtE 59— HHE &6

Br ERFRVEONT IR 2 —IX BT 2 — 2 RHRICL, SRR 15 45 4 A ISR o0 B, &
MR F T B L CEMMIFR B =, 7 AV M7 E R AR EL, AR Eoi gt 2—2 LT
FIELEL-. Fo, PR 1T LA IR AR IR T 2R 20 gt 2 — L T s, S5
(K 18 4 4 AITITBREE AT 0 B L U CREIALER fE % 2 A L, BUEICE > TRV ET. ZoJHIH
O R A — I E R ORI S OB 2SIV E LA, ISLE MU KA L0 SR
12, DOEBERNEE 95 E CHRERBWAHT2EEZ TEVET. 8T, B ERPERAO0 KiEE
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Synthesis of Ruthenocenyl—substituted Tetrathiafulvalene

REFPET AR ERFEM ok 5, RH &
Department of Chemistry, Faculty of Science, Saitama University

Masaru SATO and Toru NAGATA

4-Ruthenocenyl—-1,3-dithiol-2-thione was obtained in 62 % yield from the reaction of
ethynylruthenocene with »-Buli / Ss and subsequently CSz. Desulfurizing coupling of
4—ruthenocenyl-1,3—dithiol-2—thione was unsuccessful. 4-Ruthenocenyl-1,3—dithiol-2— thione was
oxidized with Hg(OAc): to give 4-ruthenocenyl-1,3—dithiol-2—one in good yield. Deoxygenating
coupling of 4—ruthenocenyl-1,3—dithiol-2—one afforded bis(ruthenocenyl) tetrathiafulvalene in 17 %
yield. The oxidation wave due to tetratiafulvalene in this complex shifted to a lower potential region

compared with the parent compound.
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Table 1. Crystallographic Data for 2

2

mol formula C13H100S2Ru
mol wt 347.420
cryst syst Monoclinic
space group P2ire
a, A 5.8700(3)
b A 13.6390(7)
¢ A 15.2860(9)
a,® 90.00
B° 92.942(3)
%° 90.00
v, As 1222.20(11)
Z 4
Deal, Mg m 1.888
cryst dimens, mm 0.20x0.15x0.08
radiation O\, A) Mo—Ka (0.71073)
Rfln (hkl) limits ~T<h<7

0< k<17

0</<19
total rflns measured 2383
linear abs coeff, mm-! 1.601
L.S. params 158
R 0.0383
FRw 0.1174
S 0.999
max peak in final Fourier map, e A 0.582
min peak in final Fourier map, e As —0.884




Table 2. Selected Bond Distances and Bond Angles for 2

Bond Distances (A)
S(H-C(1D 1.742(3) S(2)-C(12) 1.739(3)
S(1)-C(13) 1.754(4) S(2)-C(13) 1.776(4)
0(1)-C13) 1.201(6) Cc(1n-ca2) 1.336(4)
c()-c@a1) 1.446(4) Ru(1)-C(Cp) 2.168(av.)
C(Cp)—C(Cp) 1.388(av.)
Bond Angles (°)
S(1)-C(11)-S(12) 116.7(2) S(2-C(12-C11) 117.5(2)
C(1D-s()-Cc@3) 97.4(2) C(12-S(2)-C13) 96.7(2)
S(1)-C(13)-S(2) 111.7(2) S(1)-C(13)-0(1) 124.7(4)
S(2)-C(13)-0(1) 123.6(4) C(1)-CQa1-Ss() 117.5(2)
C()-C11)-c12) 125.8(3)
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Fig. 1. ORTEP View of complex 2.

SHAB)R I, 1,3-0F A —V—2—A L BTN T /= D E# Cp BRITHL TR TS
[19.17(3)°]. VT /B EMIDER T b b 1,3—F A4 — L —2—F L BRDER 7 by ORI T O NAREHE N
BDIONH LA, 1,3-2F F—L -2 B0 C=C #E & TEEE C(11)-C(12), 1.336(4) A], C—Sisa ERkk
[S()-C(D), 1.743(3) A; S1)-C(13), 1.754(4)], 3LV C=0 FEATHELC(19)-0(D), 1.201(6) ALiZ, MLk
EWEFkETHT.

FEIR 3 2 A AN AT )L ENIEAGZEE L CO RN IR 727 o 7273, FU SRR =T )L ENENG R LT~ 22 A,
WA 7V IRV ROV T /2 =W T NI F 7 7 3L Q) MBIER(1T%) T D DMFHI. $51K 3
1%, MSAXINUZEWT, m/z 664 |20 TAA L E—UElEE, TH NMR AZNUZEWT, V7 /&
ZIVHDORE Cp B b7y §4.46 & 447 12, TTF BOTal A §5.53% 551 ITFES K 1:2 T
I, ZOZET, $8IK 3 3 syn-B LN anti-BNERDIRGW ChHHTEERL TS, L, 2Bl FRGd
THRMARE DEET DRI Lo T
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(-Bu)aNClO4 D 1 M >7am 2 R CRESIVZ85K 3 OF A7V 7RV HET T A, —0.18 BX
O0.34 VIZ A7 CiE TR MBS U Te. 22 1UER 3 O TTF S5 1 X O 2 B LRI Z[RES
iz 51 BB IAERL TTF OZ1u+0.02 V)EDE 0.15 VAKENICHILTERY, VT /=L@
BILGREA SR TS, 2 2 BMLFERID TTF OF3U0.40 VIV HEFEN Cho7e. VT /2 OB L
13+0.55 VICBHAISADT, +0.48 VIZBIEiS - K& 7230E, Ru(D) / RuV)IH S 32 LI [RES AL
72. Rul) / Ru(IDIZAR S B LI NBIERS RN DT, 2 EBBEIRTOD 2 SDONT /=)L B TOE
THHHEAERIZIEEA ETFEL W EHERIE LS.

EERDEB

4INT )=V -1,3-VF A —-2-F A4 (1). =F =7/t 1(0.51 g, 2.0 mmol): TMEDA(0.61
ml, 4.0 mmol)®> THF(10 mDi&iEZ—80 °CIZHAIL, ZiUZ n-Buli O~V 4A1%(2.1 mmol) A< Vi
TU72%%, [RREEET 30 L7z, ZAUCTHEEE%E(64 mg, 2.0 mmoD)Z %, 2 REEFRFRL 7223580 °C (2%
77, #4212 0 °C IZRLUIEREE T 2 BEERERL-#, 0S80 °C IZHEIL T _Hifbikz2(0.8 ml, 13 mmol)%
Nz 8 HRHEFRLIZ%, THF / KD TSR, P =F/o—T L ChHitHL, filiHEI 3k CHtd L=,
MgSOs THRELT-. WIEAIER LU, GONIFREE LD S NI~ T T7 4—ColiLi=L 25, b
A 1 OEAAET0.45 g, 64 %215~ @il 174-175 °C. JTHESHT: EHIE C, 43.23; H, 2.65 %, HE
CisH10SsRu (2L T C, 42.96; H, 2.77 %. IR (KBr): 1098 cm (vC=S). 'H NMR (CDCls, 400 MHz): &
4.59 (s, 5H, n—CsHs), 4.67 (d, /= 1.5 Hz, 2H, n-CsHa), 4.86 (d, /= 1.5 Hz, 2H, —CsHu), 6.75 (s, 1H,
=CH). 3C NMR (CDCls, 100 MHz): & 69.94 (7—CsHa), 71.52 (7-CsHa), 72.30 (~CsHs), 79.64
(ipso-n—CsHa), 119.47 (=CH), 145.65 (=C), 212.62 (C=NS).

4INT )= N1,3-TF A -2 (). $EAR 1(51 mg, 0.15 mmol) &7 rrds /L A(10 mDIZED L, HE
fiz/kE(140 mg, 0.44 mol) DEFE(S mDIFkE N, FIRT 20 HEHFHIRLZ. WHEAIER L ChRE, A=
OB, KEE Y 7au A CHIH U, FEE S OKTHESL, Bk~ 13 L CRARLIZ14,
WIRAERE B LT, BREE I SN~ N F7 —ToHlLT-25, S8R 2 O afEik(@28 m g, 54 %)%
7=, [l 148-149 °C. JeROMT: EHIE C, 45.16; H, 2.75 %, #FHEAE CisHi105:0Ru (ZxL T C, 44.94;
H, 2.90 %. IR (KBr): 1648 cm (1C=0). 'H NMR (CDCls, 400 MHz): § 4.58 (s, 5H, 7~C5Hs), 4.65 (d, J
= 1.5 Hz, 2H, n—-CsHy), 4.85 (d, J= 1.5 Hz, 2H, 7-CsHy), 6.45 (s, 1H, =CH). 13C NMR (CDCls, 100
MHz): § 69.56 (7-CsHy), 71.18 (7-CsHd), 72.07 (7-CsHs), 82.12 (ipso——CsHa), 108.94 (=CH), 128.32
(=0), 192.77 (C=S). MS (EI, 70 eV): m /z 348(M").

syn=BEWN anti-t AQLT )2 =/V)TFF T 73 (3). $5AK(2)(50 mg, 0.15 mmol)Z-#il k) —F
1.5 mDIZIED L, 2 RN U=, iU BN = F VAR L, FRiba U h v ra~ o7 4—
THBELI=EZA, $5K 3 DR EFEHE m g, 17 %)EF7-. fls: 164 °C. Jua/oMr: F40lE C, 45.16; H,
2.75 %, FHEfE Ci1sH10S:0Ru (ZxL T C, 44.94; H, 2.90 %. IR (KBr): 1648 cm~! (1C=0). 'H NMR
(CeéDs, 300 MHz): & 4.36, 4.46 (d, /= 1.5 Hz, 2H, 7-CsH4), 4.68, 4.68 (d, /= 1.5 Hz, 2H, 7-CsH4), 4.47 (s,
5H, 7—CsHs), 5.51 (s, 1H, =CH), 5.53. 3C NMR (CDCls, 100 MHz):  69.81 (7~-C5H4), 70.82 (17-C5HJ),
71.83 (7—CsH5), 110.37 (=CH), 134.25 (=C), MS (EI, 70 eV): m /z664(M").
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Molecular Architechture Using Rotation Hindrance due to a #Bu Group—

Synthesis of Cyclic Oligo Nuclear Ferrocene Derivatives

BEXRFETFHRBMERPIM Lk B, K HED

Department of Material Science, Faculty of Science and Technology, Saitama University
Masaru SATO and Yuya YONEKAWA

In 3—#Butyl-1,1'-diacetylferrocene (2), prepared from the Friedel-Crafts reaction of #butylferrocene
in good yield, restricted rotation was confirmed by the 'H NMR spectrum. The Friedel-Crafts reaction
of di—£butylferrocene gave (2), 3,4'—di—£butyl-1,1-diacetylferrocene 4) and 3,3—di—£butyl-1,1—
diacetylferrocene (5) in 28, 46, and 23% yields, respectively. These compounds led to the corresponding
trimetylsilylethynyl derivatives 7, 8, and 9 in moderate yields by the Balavoine method, respectively.
Desilylcoupling of 7 and 8 with Hgl afforded Hg—containing cyclic dimmers 10 and 11, respectively. On
the other hand, a similar reaction of 9 gave Hg—containing linear dimer 13 and trimer 14, along with

free acetylene 12.

ZET, WHRGLIZERIRER GRETADITFIT, BUROES AW TEEREHIZTHE T D, !
EINOEERD B e s B A MO BRI L FT R4 2 7900 NEd, ZOVT7ADER SR
pERE L ba— LU TR 20— NI HERIIRON CD. — 5T, IBBAREA~D 2 SOERERE L SN
T OB ZFIH LT RSB & REEAR DI I ZEIN O TS, 2 BRIRER S BISAD /5 TR
HPREN B U T B REREIC L AT LB CTHD. 2 DO7 7 a—F NEITHOLILTND

(D) AVD—FTiZ 1,2 BB FHA LA S HfilfE 3
Q) EBLJESEARD L AL EZ FAV Dl 4

[FHAREEA DT 7o —F 1, BRIRER GBS Z BT b0 — DDA /e b ATREMNDR 5. 1,1
$oio xBTS 2 DOEREREFRi > CQWAR, 7=tk D 2 SO 722 =)1(Cp)
BRIT7V—IZEHEL TWADT 2 DOERERITT » FRUEZ AL TD. 2072, 2 DOBEREROME A E
XA 7V IR E R AV T~ —% 5.2 5. 7oxatr® 1, 1V— BT - oL FRERIC) S O E LA
AT HIUS, DEE W BB SRR IEDT- D12 2 OB RER TREEL /- B8 5. 22T, +Bu ks
(2 & AlRfE A 2 BRIRS A T c b S RO B A 5.

BRER

T FNT 2 (N)DT)—F N— T 7Y FUNFIAL—AITHEI TLTC 3t =7 FL—1.1- T F /L7 =
(2 BWRTEHEZTZ. 2 OV —ds FCD TH NMR A~7MUE 7 AD Cp B R %R0,
25-80°C CHREMNZ AT MV DI ARSI T2, ZOZEE, 8L Cp BRruLEARS Sl 0 12
BRIEHEFAEST DT EAREBL TS, [FRRIS, 1,1—C—7 F L7 2at QYD 7 —F N—IF77 Y UG,
3 AT tTTFN-11-UT T NTzat () 3,3 —tT T N1 T BTN T emt(B)e 37 F
N=1,U-UT v F N7 2 Q&N 46, 23, 28%DINHETH-Z 7=, $51K 213 3 D jpso-T T/ AIZE
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1%, 55 2 OT B FVEOBEDNARINS FALEVE AUV W EEHEIISE D, O ILEER72
BENHRIZ EIGRART=L7eED RIEEAT 7203, S IXFEEATIC L > QRIELTZ. T70b b,
5 ZraadLl | ~FYUbEFEREToTc L 2A BAFR G RmAMEOIZ. b OfEd TR T —4% 3R 1
2, fEE SRS AL ER 2 ITEeD 7. [ 1 1S ORTEP X% 5 75 8,87 F /1 —1,1'- 7 &F
N7zt THLI AL,

Table 1. Crystallographic Data for 5

5
mol formula Ca2H3002Fe
mol wt 382.327
cryst syst Monoclinic
space group P2ire
a, A 12.5440(4)
b A 8.2100(3)
¢ A 19.7910(7)
a,® 90.00
B° 96.3510(10)
%° 90.00
v, A 2025.69(12)
4 4
LDkal, Mg m= 1.254
cryst dimens, mm 0.60x 0.30x 0.24
radiation O\, A) Mo—Ka (0.71073)
Rfln (hkD limits -15<h<15

0<k<10
0<7<25

total rflns measured 4294
linear abs coeff, mm-! 0.76
L.S. params 226
R 0.0385
Fw 0.1196
S 0.981
max peak in final Fourier map, e A-3 0.230
min peak in final Fourier map, e As —0.688

Table 2. Selected Bond Distances and Bond Angles for 5

Bond Distances (A)
0(1)-C(6) 1.202(2) 02)-Cc17) 1.207(3)
Ce)-C(1) 1.472(2) Cc(12)-cam 1.476(3)
Fe(1)-C(Cp) 2.057(av) C(Cp)—C(Cp) 1.427(av.)
Bond Angles (°)
0(1)-Ce—C() 121.6(2) 02)-C17-C(12) 120.9(2)
0(1)-C(6)-C(7) 121.3(2) 02)-C(17N-C198) 122.0(2)
C(6)-C(1)-C(©2) 125.6(2) C(17-C(12)-C(13) 124.5(2)
C(8)—C(3)-C(4) 125.2(2) C(19-C(14)—C(15) 126.5(2)
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Fig. 1. ORTEP view of complex 5

TEFNVEOTT =V EEA~DOZEHUT Balavoine k% 5 ZHWAZETHENLTZ. 7V—D 1,I-EA(=F=/1)
7 xR AIRNEZE THLZEN MBIV TNDD T, ¢ LEICE 372D TN AT VUV T R D PRt 2
HLLT-. 2 % LDA BLOYoalliity = LV EIESHE, 0% TMSCL & LDA Z5JESE5hE -7 F /1
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Experimental

3—¢-butyl-1,1'—-diacetylferrocene (2). To a suspension of AlCls (4.1 g, 31 mmol) in dichloroethane
(30 ml) was added acetyl chloride (2.4 ml, 31 mmol) and subsequently #butylferrocene (1.88 g, 7.8
mmol). The resulting deep violet solution was refluxed for 45 min. After cooling, 1% HCl aqueous
solution (60 ml) was added to the solution at 0°C. The mixture was extracted with CH2Cls. The extract
was washed with H20 and dried over MgSOs. After evaporation, the residue was chromatographed on
Al2Os to give the title compound (1.62 g, 64 %) as dark—red oil. IR (KBr): 1667 cm (v CO). H NMR
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(400 MHz, CeDe): 61.04 (s, 9H, £Bu), 2.09 (s, 6H, Me), 2.10 (s, 6H, Me), 3.93 (m, 1H, 7~-C5Hs), 4.01 (m,
1H, 7-CsHy), 4.08 (m, 1H, 7~CsHy), 4.43 (m, 1H, 7—CsHs), 4.45 (m, 1H, 7~C5H4), 4.51 (m, 2H, —CsHs
and 7-C5Hs). 13C NMR (100 MHz, C¢De): 627.45 Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me),
67.40, 70.05, 70.37, 71.15, 71.47, 73.01, 73.51 (7-C5Hs or 7-CsHa), 80.14, 81.59 (ipso-Cp—Ac), 107.37
(ipso-Cp—t—Bu), 199.27, 199.90 (CO). Anal. Calc. for CisH2202Fe: C, 66.27; H, 6.80. Found: C, 66.38; H,
6.85.

Acetylation of 1, 1'-di—#-butylferrocene. The reaction was carried out according to the procedure
described above.

38,4—di—¢-butyl-1,1-diacetylferrocene (4). Red crystals (46 %), m.p. 149°C. IR (KBr): 1667 cm.
'H NMR (300 MHz, CDCls): 6 1.26 (s, 18H, #Bu), 2.29 (s, 6H, Ac), 4.29 (dd, J= 2.6 and 1.5 Hz, 1H,
n-CsHs), 4.53 (t, J= 1.5 Hz, 1H, 7-CsHy), 4.79 (dd, /= 2.6 and 1.5 Hz, 1H, 7—CsH,). 13C NMR (100
MHz, CeDe): 6 27.45 (Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me), 67.40, 70.05, 70.37, 71.15,
71.47, 73.01, 73.51 (7-CsHs or 7—-CsHo), 80.14, 81.59 (jpso-Cp-Ac), 107.37 (ipso-Cp—t-Buw), 199.27,
199.90 (CO). Anal. Calc. for CaeHzs002Fe: C, 69.14; H, 7.91. Found: C, 69.27; H, 8.03.

3,3- di—#-butyl-1,1'-diacetylferrocene (5). Red oil (23 %). IR (KBr): 1667 cm~'. H NMR (300
MHz, CDCls): 51.22 (s, 18H, £Bu), 2.43 (s, 6H, Ac), 4.44 (dd, J= 2.6 and 1.5 Hz, 1H, 7-CsHs), 4.45 (t, J
= 1.5 Hz, 1H, 7-CsHy), 4.57 (dd, J= 2.6 and 1.5 Hz, 1H, 7-CsH.J).

3—¢-Butyl-1,1-bis(trimethylsilyDferrocene (7). To a LDA solution prepared from
diisopropylamine (6 ml, 40 mmol) and »-Buli (25 ml of 1.5 M solution in hexane, 40 mmol) in THF
(100 ml) was added a solution of 2 (3.28 g, 10 mmol) in THF (100 ml) at 0°C and the solution was
stirred for 2 h at the same temperature. To the solution was added diethyl chlorophosphate (5.7 ml, 40
mmol) and then the solution was stirred for 2 h at 0°C. To the solution cooled at —100°C using a hexane
/ lig. N2 bath was added chlorotrimethylsilane (40 g, 400 mmol) and subsequently a LDA solution (40
mmol). The solution was warmed gradually to room temperature and then quenched with an aqueous
NaHCO:s solution. The mixture was extracted with diethyl ether and the extract was washed with H20
and dried over MgSOs. After evaporation, the residue was chromatographed on Al203 by elution of
hexane / EtOAc (5 : 1) to give the title complex as red orange oil (1.58 g, 36 %). IR (neat): 2149 cm'. 'H
NMR (400 MHz, CsDe): 50.20 (s, 9H, SiMes), 0.21 (s, 9H, SiMes), 1.24 (s, 9H, £Bu), 4.02 (dd, J= 2.5
and 1.6 Hz, 1H, 7—CsHs), 4.11 (m, 1H, ~C5Hy), 4.23 (t, J=1.6, 1H, 7-CsHs), 4.27 (m, 1H, -C5Ha), 4.31
(m, 1H, 7-CsH4), 4.37 (dd, /= 2.5 and 1.6 Hz, 1H, 7-C5H3), 4.40 (m, 1H, 7-CsHs). 13C NMR (100 MHz,
CeDe): 50.11 (SiMes), 0.23 (SiMes), 30.66 (£Bu, C), 31.26 (£#Bu, Me), 64.48 (C), 66.11(C), 68.87, 70.96,
70.98, 71.66, 72.21, 72.79, 74.01, 74.81 (-C5Hs or 7-CsHy), 90.83 (C), 91.47 (C), 103.74, 103.85, 104.12
(pso-Cp). Anal. Calc. for Ca2Hs3002Fe: C, 69.14; H, 7.91. Found: C, 69.27; H, 8.03.

3,4-Di(¢butyl)—1,1’-bis(trimethylsilylethynylferrocene (8). Red—orange solid (24 %), m.p. 110°C.
IR (KBr): 2149 cm. 'H NMR (300 MHz, CDCl3): §0.19 (s, 18H, SiMes), 1.26 (s, 18H, #Bu), 3.89 (dd, J
= 2.6 and 1.5 Hz, 1H, 7-CsHs), 4.11 (t, J= 1.5 Hz, 1H, 7-CsHJ), 4.45 (dd, /= 2.6 and 1.5 Hz, 1H,
7-CsHa). 13C NMR (100 MHz, CeDe): 5 27.45 (Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me),
67.40, 70.05, 70.37, 71.15, 71.47, 73.01, 73.51 (-CsHs or 7-CsHa), 80.14, 81.59 (ipso-Cp—Ac), 107.37
(ipso-Cp—t-Bu), 199.27, 199.90 (CO). Anal. Calc. for CasHasSizFe: C, 68.54; H, 8.63. Found: C, 68.56; H,
8.70.

3,3-Di(¢-butyD—1,1’-bis(trimethylsilylethynylferrocene (9). Red—orange oil (60 %). IR (neat):
2149 cm. 'H NMR (300 MHz, CDCl»): 50.21 (s, 18H, SiMes), 1.22 (s, 18H, #Bu), 4.07 (dd, /= 2.6 and
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1.5 Hz, 1H, n-CsHs), 4.18 (t, J= 1.5 Hz, 1H, —CsHJ), 4.21 (dd, J= 2.6 and 1.5 Hz, 1H, 7-CsH). 13C
NMR (100 MHz, C¢D¢): 527.45 (Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me), 67.40, 70.05, 70.37,
71.15, 71.47, 73.01, 73.51 (7—CsHs or 7—CsHa), 80.14, 81.59 (ijpso-Cp—Ac), 107.37 (jpso-Cp—t-Bu),
199.27, 199.90 (CO). Anal. Calc. for CasHaSioFe: C, 68.54; H, 8.63. Found: C, 68.56; H, 8.70.

Scheme 1
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Coupling of complex 7. 'To a suspension of 7 (100 mg, 0.23 mmol) and Hgls (210 mg, 0.46 mmol) in
CH:Cls (10 ml) was added TBAF (0.69 ml of 1M solution in THE, 0.69 mmol) at —78°C under Ar. The
mixture was warmed to room temperature and then stirred for 4 h. After quenching with Hz0, the
mixture was extracted with CH2Cls. The extract was washed with H2O and dried over MgSQO.. After
evaporation, the residue was chromatographed on SiOz with elution of CHz2Cls to give the cyclic dimer
(10) as yellow—orange solid (100 mg, 44 %). IR (KBr): 2142 cml. MS (FAB): m / z 977 (M*). 1H
NMR(400 MHz, CDCl): §1.21 (s, 18H, £Bu), 4.15 (m, 1H), 4.23 (m, 1H), 4.27 (2H), 4.29 (1H), 4.32
(1H), 4.37 A1H)(-CsHs or 7—~CsHs). 13C NMR (100 MHz, CDCls): § 30.56 (£Bu,C), 32.21 (£Bu, Me),
66.37 (C), 69.36, 69.44, 70.99, 71.54, 71.59, 71.63, 72.43 (-CsHs), 86.59 (C, Jcn=2273 Hz), 100.72,
103.80 (ipso—n—CsHs).

Coupling of complex 8. The reaction was carried out according to the procedure described above.
The dimer (11) was obtained as red—brown solid (6.4 %). IR (KBr): 2137 cm'. MS (FAB): m / z 1090
(M*). 'H NMR(400 MHz, CDCl3): §1.20 (s, 18H, £Bu), 4.14 (m, 2H, 7-CsH3), 4.16 (m, 2H, 7-CsHy),
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4.38 (1H, 7-CsHs). 3C NMR (100 MHz, CDCls): 6 30.64 (£Bu,C), 32.47 (£Bu, Me), 67.74 (C), 69.68
(7-Cs5Hs), 70.03 (7-CsHs), 70.81 (7—CsHs), 101.32 (ipso—r—-CsHs), 103.54 (jpso—n—CsHs).

Coupling of complex 9. The reaction was carried out according to the procedure described above.
A 2:1 mixture of trimer (13) of tetramer (14) was obtained as red-brown solid (16 %), along with
3,3—di—£-butyl-1,1-bis(ethynyDferrocene (12). IR (KBr): 2110 and 2143 cm'. MS (FAB): m / z 1436
and 1979 (M*). 'H NMR(400 MHz, CDCly): §1.25 (s, 18H, #Buw), 1.26 (s, 18H, £#Bu), 2.76 (s, 2H, CH),
2.77 (s, 2H, CH), 4.12 (m, 2H, 7-C5Hs), 4.22 (m, 2H, 7—-CsHs), 4.23 (1H, 7—C5Hb).

8,3—di—£-butyl-1,1-bis(ethyny)ferrocene (12). To a solution of 9 (120 mg, 0.23 mmol) in THF (5
ml) was added TBAF (0.69 ml of 1M solution in THF, 0.69 mmol) at —78°C under Ar. The mixture was
slowly warmed to 0°C. After quenching with saturated NaHCOs solution, the mixture was extracted
with diethyl ether. The extract was washed with H2O and dried over MgSOs. After evaporation, the
residue was chromatographed on SiOs with elution of benzene to give the title complex as red—orange
oil (64 mg, 80 %). IR (KBr): 2111 cm-1. '"H NMR(400 MHz, CDCls): 6 1.25 (s, 18H, £Bu), 2.76 (s, 2H,
CH), 4.16 (m, 2H, 7-CsHy), 4.22 (m, 2H, 7—CsHs), 4.23 (1H, 7-CsHs). 3C NMR (100 MHz, CDCly): &
30.76 (£Bu,0), 31.54 (t-Bu, Me), 64.47 (C), 67.50 (7-CsHs), 71.38 (7-CsHs), 74.13 (C), 74.45 (1~-CsHs),
82.69 (ipso-1—CsHs), 103.88 (ipso-n—CsHbs).

Scheme 2.
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Solvent Dependence of Optical Resolution of a-Methylbenzylamine
Using N-Tosyl-(S)—phenylalanine

School of Science and Engineering, Saitama University
Takuji HIROSE, Muksana BEGUM and Kayoko TANIGUCHI

Abstract

The optical resolution system of racemic (RS)—a—methylbenzylamine (MBA) 1 with
naturally-based and commercially available reagent M-tosyl-(S)—phenylalanine (TPA) 2
via diastereomeric salt formation has been investigated. A significant role of the dielectric
constant (g) of solvent used in this resolution process also reported here. Highly optically
pure (S)-1 was obtained as the less—soluble diastereomeric salt using 2-PrOH as a
resolving solvent (68.4% ee, £ 47.7%). The enantiomeric excess of 1 in the less—soluble
diastereomeric salt was found to vary depending on the solvent used; the enantiomeric

excess of 1 in the salt was controlled by adjusting the solvent dielectric constant (¢)

Introduction

The reliable preparation of enantiomerically pure compounds is important in such areas
as the pharmaceutical and food industries. To date, amongst the various new and
attractive techniques for the preparation of enantiomerically pure compounds, optical
resolution via diastereomeric salt formation is still a useful technique on an industrial
scale, since it is generally simple, clean, and easy to reproduce the laboratory-scale data on
an industrial-scale.! Estimation assessed that more than half of the chiral drugs on the
pharmaceutical market are produced by the diastereomeric salt formation method using
enantiomerically pure resolving agents.2

The general importance of chiral amines is well recognized and a—methylbenzylamine
(MBA) 1 is well known as a simple, yet powerful, chiral reagent.? Enantiomerically pure
MBA and its derivatives have important applications as effective chiral adjuvants in the
resolution of racemates, as ligands in asymmetric (or disymmetric) catalysts.* Nowadays
it’s being used as a chiral auxiliary and as a chiral base.

It’s notable that several stereoselective syntheses for a—MBA have been reported.5¢
Stereoselective synthesis would be a course of action to get enantiopure a—MBA, but high
cost, multiple steps, low chemical yields, or low diastereoselectivity are the
disadvantageous causes to be considered. The direct resolution is the most convenient
method to produce a pure enantiomer, although tedious separation processes of the
corresponding salts are sometimes required. The resolutions of racemic 1 with tartaric
acid,” (S)—carbamalactic acid,® and mandelic acid® seem to be the efficient systems.

Recent papers by Sakai et al show that solvent dependence of the diasetereomeric salt

formation method allow efficient resolution of both enantiomers using a single resolving
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agent.1012 This technique is apparently very effective for the use of natural resolving
agents, which are usually available as a single enantiomer.!® Herein we report the solvent
dependence of optical resolution (RS)—a—methylbenzylamine (MBA) 1 using N-tosyl—(S)—
phenylalanine (TPA) 2.

-

H
- ,COOH
Ty~
|
' ¢
(RS)-methylbenzylamine N-tosyl-(S)-phenylalanine
(RS)-MBA 1 (S)-TPA 2

Figure 1. Chemical structures of MBA and TPA

Results and Discussion

To resolve (RS—-a—methylbenzylamine (MBA) 1, recrystallizable resolving agent N-
tosyl-(S)—phenylalanine (TPA) 2 was selected rather than a number of other commercially
available acidic resolving agents.”® From a known concept, ‘a resolving agent should have
similar or longer molecular length than the racemic target compound,® and no resolution
work on MBA with TPA has been reported so far, so that we were interested to choose 2 as
a resolving agent for the present cumbersome works. It was also found from our efforts
that TPA could be recovered easily.

In order to examine (S)-TPA 2 as a resolving agent of (RS)—-1, at first the effects of four
alcohols (e = 17-33) 14 and water (¢ = 78) 14 on the resolution were studied as a resolving
solvent. All solvent systems gave crystalline precipitates and the results of a single
crystallization in each solvent are summarized in Table 1. The optical purity was
determined by chiral HPLC analysis after acetylation of (S)-1 liberated from the
precipitated salt. As seen in Table 1, only (9-1(S-2 was obtained as the less—soluble
diastereomeric salt and highly optically pure (5)—1 was obtained using EtOH and 2—-PrOH

solvents.

Table 1 Resolution of (RS)-1 with (S)-2 in some alcohols and water?

: ; . Optical  Resolution Absolute
Entry  Solvent Cg:gt'zﬁtt?‘(;) SOIVe(T/t/V(VI)?S)_l Y|(()a/(:d° PSrityd Efficiency®  configuration
Y%ee (E) %
1 MeOH 33.0 10 50.5 17.9 9.04 S
2 EtOH 24.0 28 45.7 59.8 27.3 S
3 2—-PrOH 18.0 35 69.8 68.4 47.7 S
4 n—-BuOH 17.0 40 61.6 48.3 29.8 S
5 H,O 78.0 5.4 50.7 1.93 0.98 S

a) Resolving agent (S)-2 / (RS)-1 = 1.0 (molar ratio).

b) Dielectric constant (&) for a mixed solvent is the weighted average value calculated from those of
pure solvents.

c) Yield calculated based on half the amount of racemic MBA.

d) Determined by chiral HPLC analysis (HPLC Conditions—Column: Chiralpak AD-H (Daicel
Chemical Ind. Ltd.), Eluent: 10% 2—propanol in hexane, Flow rate : 0.5 mL/min).

e) Resolution efficiency (E: %) = yield (%) x optical purity (% ee) / 100
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The results summarized in Table 1 also indicate that the enantiomeric excess of (S)—1 in
the less—soluble diastereomeric salt would vary depending on the solvent polarity.
Therefore the optical purity and even the configuration of resolved 1 could be controlled by
using a mixed solvent of alcohols and water as shown by Sakai et al'%'2 The effects of
various mixed solvents of alcohol and water (¢ = 18-78)!4 on the resolution were examined

as shown in Table 2.

Table 2 Resolution of (RS)-1 with (S)-2 in various alcoholic solvents?®

iy Sovent  [DSSCE | Sovent) VOO by Eiicens sbeole
Y%ee (E) %
1 100%MeOH 33.0 10 50.5 17.9 9.04 S
2 90% MeOH 36.9 8 45.3 17.5 7.93 S
3 80% MeOH 41.5 7.5 45.8 13.2 6.05 S
4 70% MeOH 47.0 6 52.1 11.3 5.89 S
5 60% MeOH 51.0 5 50.6 2.70 1.37 S
6 100% EtOH 24.0 28 45.7 59.8 27.3 S
7 90% EtOH 29.0 17 54.2 44.9 24.3 S
8 80% EtOH 33.9 9 44.0 15.7 6.91 S
9 70% EtOH 39.1 6 48.5 8.58 4.16 S
10 60% EtOH 46.0 5 52.6 4.45 2.34 S
11 100% 2-PrOH 18.0 45 69.8 68.4 47.7 S
12 90% 2-PrOH 25.7 25 64.4 48.3 31.1 S
13 80% 2-PrOH 31.5 13 49.3 324 16.0 S
14 70% 2-PrOH 36.0 7.5 46.8 17.5 8.20 S
15 60% 2-PrOH 42.0 6.5 47.7 12.6 6.01 S
16 H,O 78.0 54 50.7 1.93 0.98 S

a) Resolving agent (S)-2 / (RS)-1 = 1.0 (molar ratio).

b) Dielectric constant (¢) for a mixed solvent is the weighted average value calculated from those of
pure solvents.

c) Yield calculated based on half the amount of racemic MBA.

d) Determined by chiral HPLC analysis (HPLC Conditions—Column: Chiralpak AD-H (Daicel
Chemical Ind. Ltd.), Eluent: 10% 2—propanol in hexane, Flow rate : 0.5 mL/min).

e) Resolution efficiency (E: %) = yield (%) x optical purity (% ee) / 100

The results in Table 2 show that the enantiomeric excess of (8)—1 in the less—soluble
diastereomeric salt was largely affected by the solvent polarity, that is, the enantiomeric
excess of 1 in the salt was controlled by adjusting the water content in an alcohol. The
trends of the optical purity changes are illustrated in Figure 2 as the dielectric constant (e)
as an index. The lower the solvent ¢ is, the higher the optical purity of (S)-1 becomes. This
phenomenon demonstrates that the solvent composition or polarity plays an important role

during chiral discrimination process.
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Only (8-1 was obtained by the solvent systems used in the wide dielectric constant
range, 18 <e < 78. In order to observe the solvent effect at lower e range, it is necessary to

use less polar alcoholic and other solvents as a resolving solvent.
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Figure 2. Relationship between the optical purity and the solvent.

Conclusion

N-Tosyl-(S)—-phenylalanine was found to effectively serve as a new resolving agent for
racemic (RS)—a—methylbenzylamine (1) to give (S—1 using an alcohol (MeOH, EtOH, 2—
PrOH, n~BuOH) and the alcohol-water mixtures. Moreover, it was found that the optical
purity of 1 in the diastereomeric salt largely varied depending on the composition or

polarity of the solvent used.

Experimental

The measurement of 'H NMR spectra was performed on Brucker AC300P and AC200
spectrometers (Molecular Analysis and Life Science (MALS) Center, Saitama University).
Infrared spectra were recorded on a JASCO FT/IR 400 spectrometer. Melting temperatures
were determined on Mel-Temp melting point apparatus (Laboratory Devices, MA) and
were reported uncorrected. Optical rotation was measured on a JASCO DIP-370
polarimeter. High performance liquid chromatography was performed by a JASCO
Intelligent HPLC system 900 equipped with a JASCO CD-1594 detector.

Resolution procedure:

A general experimental procedure (i.e. preparation of the diastereomeric salt) is as
follows: A mixture of (RS-a-methylbenzylamine 1 (121 mg, 1.0 mmol), MN-tosyl-(S)—
phenylalanine 2 (319 mg, 1.0 mmol) and solvent (required amount as table) was heated to
give a clear solution. The solution was then cooled to room temperature or lower
(corresponding to the crystallization temperature) to give a suspension. The crystals were
filtered off and washed with respective solvent to afford crude less-soluble diastereomeric
salt (9-1-(9-2.

(S)-1/(S)-2: Pure (8-1(89-2 was prepared to determine it’s properties as follows: In
MeOH (10 mL), (9-1 (121 mg, 1.0 mmol) and (9-2 (319 mg, 1.0 mmol) were dissolved,

and the solvent was removed under reduced pressure to afford the salt. [0:]]2)7 = +50.5 (¢
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0.107, MeOH, T=27 °C); mp 156—158 °C; IR (KBr) cm-': 3300—2400, 1566, 1446, 1404, 1373,
1330, 1171, 1153, 1088, 949, 868, 816, 768, 752, 700, 660, 567, 547; 'H NMR (CDCls, 300
MHz): § 7.47-6.99 (m, 14H), 5.66 (br s, 4H), 4.16 (m, 1H), 3.79 (m, 1H), 2.96 (dd, /= 13.6,
5.2 Hz, 1H), 2.68 (dd, J= 13.6, 7.3 Hz, 1H), 2.34 (s, 3H), 1.42 (d, J= 6.6 Hz, 3H).

(RS)-MBA
(S)-TPA
< Solvent system
A
More—soluble salt Less—soluble salt
(R)-MBA«(S)-TPA (S)-MBA+(S)-TPA

Acetylation

A

Acetylated MBA

Figure 3. Flow chart of the resolution system of (RS)-MBA 1 with (S)-TPA 2.

Optical Purity Determination

The less—soluble diastereomeric salt (9)-1(S)—-2 was acetylated to determine the optical
purity of 1. A typical experimental procedure is as follows: To a stirred solution of the salt
(94 mg, 0.21 mmol) in dry THF was added EtsN (54 mg, 0.53 mmol) in dry THF at room
temperature under a nitrogen atmosphere. Acetic anhydride (26 mg, 0.26 mmol) in dry
THF was added dropwise to the mixture, which was stirred for 10 h at the same
temperature. The reaction mixture solvent was removed under reduced pressure. The
residue was dissolved in EtOAc and was washed with saturated aqueous NaHCOs, brine,
dried with anhydroud Na2SO4. After concentration under reduced pressure, the residue
was purified by preparative silica gel TLC (EtOAc) to give (31 mg, 0.19 mmol, 89.7%) as a
white solid.

The optical purity of a-methylbenzylamine 1 was determined on its acetylated derivative
by chiral HPLC analysis. Chiral HPLC analysis was performed using CHIRALCEL AD-H
(Daicel Chemical Ind. Ltd., ¢ 4.6 mm X 250 mm, detection: UV 254 nm, flow rate: 0.5

mL/min, eluent: 10% 2—propanol in hexane).

)

H St CH,CO0),0

= ,CO0 H,N (CH5CO),
:%@% a

HN O

g THF

O/S

(S)-MBA:(S)-TPA
Figure 4. Acetylation reation of less soluble diasteomeric salt

I=
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Acetylated (S)-1 [N—(1—phenylethyl)acetamide]: [al}' =—170.0 (¢ 0.106, MeOH, T=24 °C); mp

102-104 °C; IR (KBr) cm-': 3265, 3070, 2980, 1643, 1556, 1491, 1450, 1375, 1302, 1286,
756, 742, 704, 621, 534; '"H NMR (CDCls, 300 MHz): & 7.36-7.23 (m, 5H), 5.76 (s, 1H), 5.13
(m, 1H), 1.98 (s, 3H), 1.49 (d, J= 6.6 Hz, 3H).
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Synthesis of Asymmetric Bridging Ligand,
trans—1,4-bis(1,10—phenanthrolin—4—yl)—1-butene

School of Science and Engineering, Saitama University
Takashi KAMIZONO, Satoshi SHIBATA, and Takuji HIROSE

Abstract

Efficient synthesis of an asymmetric bridging ligand 1, ¢rans—1,4-bis(1,10—
phenanthrolin—4—yl)—1-butene, was reported by the use of 8—aminoquinoline as a
starting material. The structures of the target compound and the major intermediates

were assigned by 'H NMR and ES—Mass spectra.

Introduction

The organic heteronuclear polymetallic complexes have been expected for
multifunctional molecules through combination of different functions as reaction
catalysts and chemical devices due to their multifunctions, which mononuclear complexes
cannot afford. In fact, recently, photochemical and electrochemical properties of many
kinds of heteronuclear complexes have been studied by many research groups.1¥ The
controlling factors of these properties are the types of central metals, the structures of
the peripheral ligands, the bridging ligands, and so on.1¥ These ligands are known to
largely affect the efficiency or lifetime of electron or energy transfer by controlling the
redox potentials.#® Nevertheless, there are a few researches which focus on the
structures and the effects of bridging ligands.1:3.6-8

Most bridging ligands studied so far are limited to those which have simple
methylene®? or phenylene spacers®? and are fully conjugated by aromatic rings? or
multiple bonds.® All of these bridging ligands have symmetric spacers. Therefore, it is
interesting to investigate the effects of an asymmetric spacer on the chemical and
electrochemical properties of heteronuclear complexes. We report here the first
synthesis of a new bridging ligand, #rans—1,4-bis(1,10-phenanthrolin—4—yl)—1-butene 1,

having an asymmetric spacer with a double bond.
Results

The synthetic route of the bridging ligand 1 is summarized in Scheme 1. All

compounds were characterized by 'H NMR and ES—Mass spectroscopies.
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/dry EtOH, A - \ pyridine - TFA —
—>» \\ _ > \ \
2) H0 N N dry toluene NN
y. 74 % 8 y. 75 % 9

1) LDA / dry THF CBr,, PPh,, NEt,

2)9
3) H,0

y. 48 %

dry CH,ClI,

y. 80 %
Scheme 1

The compounds 2—-4 were prepared starting from 8—aminoquinoline according to the
reported methods.910

The chloride 5 was prepared by the reaction of 4 and excess SOClz at —20 ‘C. The
reactions at higher temperatures, under refluxing condition and at rt, led to a
complicated mixture. In bromination of 4 by 48% HBr agq., no bromide was obtained
after purification by column chromatography although the bromide had been detected in
the reaction mixture by TLC tracing.

The diester 6 was prepared as follows: After deprotonation of ethyl malonate with
sodium ethoxide, the generated carbanion was alkylated by 5 in the presence of excess
NaBr as a halogen exchange reagent. After purification by alumina column
chromatography, pure 6 was obtained in high yield.

The alcohol 8 was obtained in high yield by the use of NaBH4 and lithium chloride in
dry EtOH. On the other hand, the use of LiAlH4 and LiBH4 led to low yields due to
reduction of aromatic rings. In fact, the 'H NMR spectrum of the by—product showed
some peaks, which had been assigned to aromatic protons of 7, disappeared.

The aldehyde 9 was prepared by oxidation of 8 through the reaction with DMSO and
dicyclohexylcarbodiimide under mild conditions. It is important to purify the crude
product rapidly to obtain pure 9 in good yield. An attempt to oxidize 8 in the presence of

pyridinium dichromate failed due to decomposition of aromatic rings.
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The target bridging ligand 1 was efficiently synthesized by the bromination of 10 by the
use of CBrs and PPhs, followed by selective dehydrobromination with triethylamine.
The regioselectivity of the reaction was confirmed by the vicinal coupling constant
between the olefinic protons (/= 15.8 Hz) observed in the 'H NMR spectrum.?

Conclusion

We have investigated a synthetic method of a new bridging ligand,
trans—1,4-bis(1,10—phenanthrolin—4—yl)-1-butene 1, having an asymmetric spacer. As
a result, an efficient synthetic route of 1 was established through coupling of
1,10—phenanthroline derivatives and halogenation/regioselective dehydrohalogenation.

Application of the present bridging ligand to heteronuclear complexes is under way.

Experimental

All 'H NMR spectra were measured at 300 MHz on a Bruker AC-300P spectrometer,
using tetramethylsilane (TMS) as an internal standard. (Molecular Analysis and Life
Science Center, Saitama University) Electrospray mass spectra were recorded with an
Applied Biosystems Mariner spectrometer. (MALS, Saitama University)

All reagents and solvents that were commercially available were purchased from Kanto
Chemical Co., Inc., Wako Pure Chemical Industries, Ltd., Tokyo Chemical Industry Co.,
Ltd., or Sigma—Aldrich Co. at the highest quality and were purified by distillation when
necessary.

4-Methyl-1,10-phenanthroline (2), 1,10-phenanthroline—4—carbaldehyde (3), and
4—(hydroxymethyl)—1,10—phenanthroline (4) were prepared according to the

literatures.%10

4—(Chloromethyl)-1,10-phenanthroline (5). Under nitrogen atmosphere, 4 (1.04 g,

4.96 mmol) was added to SOCl: (10 ml) at —20 °C, and the temperature was gradually
raised to ca. 0 C for 5 h. After the reaction, ice water was added to decompose
remaining SOCIz until the evolution of SOz stopped. The solution was basified to pH 9
with sat. Na2:COs agq., extracted with chloroform, washed with satz. NaCl agq., dried with
anhydrous Na:SOs and concentrated. The residue was purified by neutral alumina
column chromatography with chloroform/hexane /methanol (v/v/v, 100/100/1) to obtain a
white solid (933 mg, 4.08 mmol, 82%).
IH NMR (CDCls): 6= 9.22 (dd, 1H, J = 4.3, 1,7 Hz, ArH), 9.18 (d, 1H, J = 4.6 Hz, ArH),
8.27 (dd, 1H, J= 1.3, 1.7 Hz, ArH), 8.10 (d, 1H, J= 9.0 Hz, ArH), 7.90 (d, 1H, J= 9.0 Hz,
ArH), 7.67 (d, 1H, J = 4.6 Hz, ArH), 7.66 (dd, 1H, J = 7.3, 4.3 Hz, ArH), 5.06 (s, 2H,
ArC H:Cl). ES-MS: 230 [M+H]*

2—(1,10-Phenanthrolin—4—-yImethyl)malonic acid diethyl ester (6). Under nitrogen
atmosphere, Na (215 mg, 9.34 mmol) was added to dry EtOH (10 ml) and stirring was
continued until all Na dissolved at rt. Ethyl malonate (1.9 ml, 12.5 mmol) was added to
the solution and refluxed for 1.5 h. The solution of 5 (1.51 g, 6.58 mmol) in dry EtOH (15
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ml) and NaBr (1.44 g, 14.0 mmol) were added to the NaOEt/EtOH solution, and the
mixture was refluxed overnight. After removing ethanol, water was added and
extracted with chloroform, and the extract was dried with anhydrous Na2SOs and
concentrated. The residue was purified by neutral alumina column chromatography
with chloroform/hexane (v/v, 1/1) to obtain a pale yellow oil (1.99 g, 5.65 mmol, 86 %).

'H NMR (CDCls): 5= 9.22 (dd, 1H, J = 4.3, 1,7 Hz, ArH), 9.07 (d, 1H, J = 4.4 Hz, ArH),
8.24 (dd, 1H, J= 8.1, 1.7 Hz, ArH), 8.06 (d, 1H, J= 9.2 Hz, ArH), 7.84 (d, 1H, J= 9.2 Hz,
ArH), 7.63 (dd, 1H, J = 8.1, 4.3 Hz, ArH), 7.50 (d, 1H, J = 4.4 Hz, ArH), 4.18 (m, 4H,
ArCH>CH(COOC H:CHs)2), 3.80 (mm, 3H, ArC H.CH(COOCH:CHb)2), 1.18 (¢, 6H, J= 7.2 Hz,
ArCH2:CH(COOCH:C H3)2). ES-MS: 354 [M+H]*

3—(1,10-Phenanthrolin—4—yl)propionic acid ethyl ester (7). To the solution of 6 (1.99
g, 5.65 mmol) in EtOH (30 ml) was added 3 M NaOH aq. (10 ml) and the resulting
mixture was refluxed for 5 h. After removing ethanol, the solution was acidified to pH 1
with 3 M HCI1 aq. After refluxing overnight, the solution was concentrated. A catalytic
amount of PTSA (p—toluenesulfonic acid) (58.5 mg, 0.34 mmol) was added to the EtOH (40
ml) solution of the residue and the mixture was refluxed overnight. The solution was
concentrated, weakly basified with saz. NaHCOs agq., and extracted with chloroform.
The organic layer was dried with anhydrous NazSO4 and concentrated. The residue was
purified by neutral alumina column chromatography with chloroform/hexane (v/v, 1/1) to
obtain a white solid (1.12 g, 4.35 mmol, 77 %).
1H NMR (CDCls): 6= 9.20 (dd, 1H, J = 4.1, 1,8 Hz, ArH), 9.10 (d, 1H, J = 4.6 Hz, ArH),
8.26 (dd, 1H, J= 8.1, 1.8 Hz, ArH), 8.06 (d, 1H, J= 9.2 Hz, ArH), 7.84 (d, 1H, J= 9.2 Hz,
ArH), 7.64 (dd, 1H, J= 8.1, 4.1 Hz, ArH), 7.50 (d, 1H, J= 4.6 Hz, ArH), 4.16 (¢, 2H, J=17.1
Hz, ArCH:CH2COOC H>CHs), 3.50 (¢, 2H, J= 7.9 Hz, ArC H:CH:COOCH:CHs), 2.82 (¢, 2H,
J = 7.9 Hz, ArCH:CH:COOCH:CHs), 1.23 (¢, 3H, J = 7.1 Hz, ArCH2CH:COOCH:C Hs).
ES-MS: 281 [M+H]*

4—(3—-Hydroxypropyl)-1,10—phenanthroline (8). Under nitrogen atmosphere, NaBH.
(94.1 mg, 2.49 mmol) and LiCl (106 mg, 2.49 mmol) were added to the solution of 7 (698
mg, 2.49 mmol) in dry EtOH (20 ml), and refluxed for 10 h. During this period, the same
amount of NaBH4 and LiCl were added in every few hours. After 10 h, the reaction was
quenched with water. After removing ethanol, the aqueous layer was extracted with
chloroform, and dried with anhydrous Na2SOs and concentrated. The residue was
purified by neutral alumina column chromatography with chloroform/hexane (v/v, 2/1) to
obtain a white solid (437 mg, 1.83 mmol, 74 %).

H NMR (CDCls): 6§ =9.14 (dd, 1H, J = 4.3, 1,8 Hz, ArH), 9.00 (d, 1H, J = 4.6 Hz, ArH),
8.18 (dd, 1H, J= 8.1, 1.8 Hz, ArH), 8.01 (d, 1H, J=9.2 Hz, ArH), 7.71 (d, 1H, J= 9.2 Hz,
ArH), 7.58 (dd, 1H, J= 8.1, 4.3 Hz, ArH), 7.42 (d, 1H, J= 4.6 Hz, ArH), 3.79 (¢, 2H, J= 6.2
Hz, ArCH:CH:CH>:0H), 3.22 (¢, 2H, J = 7.7 Hz, ArCH.CH:CH2:0H), 2.03 (m, 2H,
ArCH:CH:CH:0H). ES-MS: 239 [M+H]*
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3—(1,10-Phenanthrolin-4—yl)propanal (9).!2 Under nitrogen atmosphere, 8 (508 mg,
2.13 mmol) was dissolved in a mixture of anhydrous DMSO (8.0 ml) and toluene (8.0 ml)
containing dicyclohexylcarbodiimide (DCC) (1.30 g, 6.30 mmol) and pyridine (170 xl, 2.10
mmol). Trifluoroacetic acid (85 xl, 1.05 mmol) was then added, and the mixture was
stirred for 2.5 h at rt. Oxalic acid (570 mg, 6.30 mmol) was added to destroy excess DCC
and after 30 min, chloroform (25 ml) and water (25 ml) were added and dicyclohexylurea
was removed by filtration. The aqueous layer was basified to pH 9 with sat. Na:COs agq.,
and extracted with chloroform. The organic layer was washed with water, dried with
anhydrous NazSO4, and concentrated. The residue was purified by neutral alumina
column chromatography with chloroform/hexane (v/v, 3/1) to obtain a white solid (379 mg,
1.60 mmol, 75 %).
'H NMR (CDCls): 6 = 9.92 (s, 1H, ArCH:CH2:CHO), 9.20 (dd, 1H, J = 4.3, 1.8 Hz, ArH),
9.09 (d, 1H, J= 4.4 Hz, ArH), 8.26 (dd, 1H, J= 8.0, 1.8 Hz, ArH), 8.01 (d, 1H, J= 9.2 Hz,
ArH), 7.85 (d, 1H, J= 9.2 Hz, ArH), 7.64 (dd, 1H, J= 8.0, 4.3 Hz, ArH), 7.48 (d, 1H, J= 4.4
Hz, ArH), 3.50 (¢, 2H, J = 7.5 Hz, ArCH:CH:CHO), 3.01 (¢, 2H, J = 7.5 Hgz,
ArCH:CH:CHO). ES-MS: 270 [M+MeOH+H]*

1,4-Bis(1,10—phenanthrolin—4-yl)-2—butanol (10). Under nitrogen atmosphere, 2.0

M lithium diisopropylamide in heptane/tetrahydrofuran/ethylbenzene (215 ul, 0.43
mmol) was added to a dry THF (8 ml) solution of 2 (82.2 mg, 0.42 mmol) at —-78 °C, and
the temperature was gradually raised to rt for 4 h.® To this solution was added a dry
THF (11 ml) solution of 9 (101 mg, 0.43 mmol) at —41 °C, and the temperature was
gradually raised to rt for 16 h. After quenching with water, all organic solvents were
removed and the aqueous layer was extracted with chloroform/methanol. The organic
layer was dried with anhydrous Na2SO4 and concentrated. The residue was purified by
neutral alumina column chromatography with chloroform to obtain a pale orange solid
(87.2 mg, 0.20 mmol, 48 %).
'H NMR (CDCls): 6 = 9.19 (dd, 1H, J = 4.4, 1,9 Hz, ArH), 9.12 (dd, 1H, J = 4.4, 1,8 Hz,
ArH), 9.07 (d, 1H, J= 4.4 Hz, ArH), 8.98 (d, 1H, J= 4.4 Hz, ArH), 8.24 (dd, 1H, J=8.1, 1.9
Hz, ArH), 8.16 (dd, 1H, J=17.9, 1.8 Hz, ArH), 8.10 (d, 1H, J=9.2 Hz, ArH), 7.89 (d, 1H, J
=9.2 Hz, ArH), 7.80 (d, 1H, J= 9.2 Hz, ArH), 7.66~7.59 (mm, 3H, ArH), 7.52 (d, 1H, J= 4.4
Hz, ArH), 7.48 (d, 1H, J = 4.4 Hz, ArH), 4.27~4.20 (m, 1H, ArCH:C H(OH)CH2CH:Ar),
3.62~3.52 (m, 1H, ArCH>CH(OH)CH:CH:Ar), 3.41~3.25 (m, 3H, ArCH:CH(OH)CH:C H>
Ar) , 2.18 (m, 2H, ArCH:CH(OH)C H:CH:Ar). ES-MS: 431 [M+H]*, 216 [M+2H]2+

trans—1,4-Bis(1,10—phenanthrolin-4-yl)-1-butene (1). To a stirred solution of 10
(40.9 mg, 95.0 umol) in dry CH2Cl: (2 ml) under nitrogen atmosphere was added CBra
(62.0 mg, 187 umol). The mixture was stirred for 10 min at rt, and then a solution of
PPhs (51.2 mg, 195 umol) in dry CH:Cl: (0.4 ml) was slowly added.! Then
triethylamine (26.0 ul, 186 u#mol) was added to the solution and the mixture was stirred
for 3.5 h at rt. The reaction mixture was quenched with water and then diluted with

chloroform. The organic layer was separated and washed with sat. NaCl agq., dried with
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anhydrous Na2S0O4 and concentrated. The residue was purified by neutral alumina thin
layer chromatography with chloroform/methanol (v/v, 50/1) to obtain a pale yellow
solid(31.5 mg, 76.4 umol, 80 %).

IH NMR (CDCls): § = 9.22 (dd, 1H, J = 4.2, 1,7 Hz, ArH), 9.19 (dd, 1H, J = 4.4, 1,7 Hz,
ArH), 9.14 (d, 1H, J=4.8 Hz, ArH), 9.10 (d, 1H, J= 4.6 Hz, ArH), 8.24 (dd, 1H, J=17.9, 1.7
Hz, ArH), 8.22 (dd, 1H, J= 8.1, 1.7 Hz, ArH), 8.11 (d, 1H, J= 9.2 Hz, ArH), 7.84 (d, 1H, J
= 9.2 Hz, ArH), 7.83 (d, 1H, J=9.2 Hz, ArH), 7.71 (d, 1H, J= 9.2 Hz, ArH), 7.64 (m, 2H,
ArH), 7.60 (d, 1H, J= 4.8 Hz, ArH), 7.55 (d, 1H, J= 4.6 Hz, ArH), 7.11 (d, 1H, J= 15.8 Hz,
ArCHCHCH:CH:Ar), 6.56 (dt, 1H, J= 15.8, 7.0 Hz, ArCHC HCH2CH:Ar), 3.47 (¢, 2H, J =
7.4 Hz, ArCHCHCH:C H2Ar), 2.94 (dt, 2H, J= 7.4, 7.0 Hz, ArCHCHC H>CH:Ar). ES-MS:
413 [M+H]*, 207 [M+2H]2+
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(Er52—&Y)

TR s o o ) P S
ik 18 47 BERE 2R S5 H 4R
SR 184E B (20064E4 A ~20074E3H) DRX400 i FAE#E
3F NMRE 45 58 68 78 8H 9A8 108 118 128 18 28 38 5t
B | R BTt 138 234 312 334 182 341 296 285 307 255 212 186 3082
B RA 2458 2419 266.1[ 2747 1408[ 270.8] 199.4| 369.4] 188.8[ 220.8] 297.0[ 226.2 37.7
I8 (ISREZBIEHR 67 24 91 52 16 6 21 31 10 11 4 — 333
B RA 36.5 35.8 71.3 32.2 21.3 15.4 32.8 33.0 5.4 19.5 2.4 -] 305.5
HEREA AR 3 76 86 90 53 41 101 140 86 101 47 60 52 933
B i 84.9| 1387 96.8 34.3 66.7| 137.3| 190.5]| 122.2 81.1 54.4] 126.3 41.4| 430.6
BREF[AEHE - - - - - - - - — 2 — — 2
Bf - - - - - - - - - 0.5 - — 0.5
PXZIEEUA— [BIESK - - - - - - — — — — — — 0
B - - - - 6.5 - - - - — — — 6.5
At BITE 3R 281 344 493 439 239 448 457 402 418 315 276 238 4350
B¥RE 367.3| 416.4] 4342 3412 2352 4235 4228 5246 2753[ 2952 4258 267.6| 442838
EXAER 93 111 145 131 96 163 154 145 141 131 110 92 1512
EEEES 21 21 23 21 95 156 21 22 21 17 19 19 456
SRR 184E B (20064E4 A ~20074E38) DPX400 {35 ARk
3F NMR= 47 58 68 78 87 98 108 115 125 18 28 37 Bt
AR | R e RIE B3R 27 69 191 49 62 81 71 99 142 107 78 28 1004
RS 845 1211 220.8| 1155 114.3] 1296 96.2| 1729 1257 146.8]| 172.0 617 1211
T8 | mALZE| BT 7 41 71 104 83 90 120 97 62 131 72 83 961
BERE 1.9 31.9 67.4 43.2 45.4 90.5 63.3 62.3 90.1[ 1583 39.0 272 720.4
HREM B AR - 16 11 37 4 15 18 21 24 16 23 13 198
B RS - 4.0 5.0 51.3 3.5 33.5 40.3 32.3 68.3 37.5 70.9 57| 3523
SHXEEUS— BT 3 12 3 5 12 4 7 - = - - . 46
RS 3 115 1.7 10.8 26.5 6 8 — — — — — 76.4
BRHTEE |[HEHER - - - — -] - — — -] - - 16 16
[Eai] - - - - - - - - - - - 4 4
it | BIE AR 37 138 276 195 161 190 216 217 228 254 173 140 2225
5 89.4 1685 294.8] 229.7] 189.7] 259.6| 207.8] 267.5] 284.1] 342.7] 281.9 985 530.1
ENANEH 15 51 75 80 66 67 87 88 74 96 78 44 821
[EPEEES 7 19 24 22 17 22 23 22 19 19 21 17 232
% 184E B (20064E4 8 ~20074E38) DPX200 fEFIE#E
3F NMR= 45 58 68 78 8H 98 108 118 128 18 28 38 5t
HEE | R LR RIS - 42 155 133 66 189 224 278 242 223 261 43 1856
B RS - 50.3] 1755 201.3 621 1126 2175[ 2514 206.7| 1434 1442 432 168.0
IHER (AR H3k 1 7 61 117 69 123 99 123 98 74 67 57 896
S 0.2 3.4 35.6 62.3 44.3 54.1 46.8 48.7 50.7 70.8 39.3 26.8| 482.9
HEREM B AR - - - - - - 2 — — 3 — — 5
A - - - - -] — 0.5 ] - 2 . — 25
ShxEE E— [HIEER 1 — 1 — 1 3 2 8 9 7 3 — 35
B ) 1.5 — 3.0 -] 0.6 2.0 0.8 21.0 5.1 28.8 47.8 —| 1107
&5t ] AITE 4 3K 2 49 217 250 136 315 327 409 349 307 331 100 2792
B A 17 53.7| 2140 2635| 107.0] 168.7| 2657 321.1| 262.4| 2451[ 231.3 69.9[ 764.0
EXAER 2 22 114 146 84 188 198 210 176 172 175 64 1551
[EEEES 2 11 19 21 13 19 19 22 22 16 20 15 199
SRR 184E B (200644 B ~20074E38) AC300P {i FH###
3F B OME 48 58 64 7H 8H 98 108 118 128 18 28 38 #E
PR E A P 521 1057 1138 824 337 772 948 851 694 660 417 272 8491
BR[| 101.083] 231.833] 207.25] 154.05] 73.4167 151] 185.817] 159.683] 130.45] 129.833] 89.8333] 59.9167] 234.167
I%#E (SRR RIS 105 131 135 65 91 56 82 126 93 74 91 53 1102
B RS 37.8 42.4 42.8 25.0 28.9 17.7 23.6 34.9 28.6 23.6 28.7 21.7| 355.7
T2 RIE 5 - - - - | - - - 1 - - — 1
BAE - - - — -] - — —[ 0.16667 — — —| 0.16667
HEREM B AR - - - - | - - 1 1 - 1 — 3
A - - - - - - - 0.35 0.10 - 0.20 ] 1.5
AHXEEA— [HEER 5 — — — ] 1 - — — — — — 6
B 1.75 = - — — - - - - - - — 1.75
&5t ] AR 631 1188 1273 889 428 829 1030 978 789 734 509 325 9603
[ B fE 1407 2743 2501 179.1| 1023 168.7| 209.4| 1952 159.4| 153.4[ 118.8 81.6 | 592.9
[ RINE 334 653 689 493 237 483 578 545 463 440 286 185 5386
EEES 23 21 23 20 21 19 20 20 20 20 18 19 244
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SERR18EEEE (20064E4 A ~ 2007431
e

DX303 Rk
A

SFEENHE 4R 58 6 78 8H 98 108 118 128 18 28 38 Wt
A | R LRSS 1 4 1 1 1 4 4 7 3 3 4 — 33
B RS 3.0 5.0 4.0 2.5 2.5 9.5 6.7 8.5 6.5 6.2 11.0 65.3
IHER (s mRE R H 3k 10 10 10 16 12 18 18 5 12 11 12 6 140
(S0 15.0 19.5 21.0 29.0 20.5 34.3 335 16.2 27.7 20.0 27.0 20.0[ 2836
HREM B AR - 1 7 3 -] 11 5 8 6 7 4 2 54
R |- 2.0 15.5 6.0 15.5 12.3 18.0 13.5 13.7 8.5 25] 1074
AR EEA— [HEER - - 5 1 -] - — — — — — — 6
B ) - - 20 3 -] - — — -] - — - 23
&3t ] BITE R 11 15 23 21 13 33 27 20 21 21 20 8 233
B A 18 26.5 60.5 40.5 23.0 59.3 52.4 42.7 47.7 39.8 46.5 225 4794
EXAER 6 9 18 16 8 16 17 12 15 15 15 7 154
[EEEES 4 8 14 10 3 12 10 9 14 12 8 6 110
SLRE184E B (200644 3 ~20074E3A) IMS-700 {5 A=
FBe M 48 58 68 78 8A 98 108 118 128 18 2H 38 et
R | BRI ERRIESR 15 4 5 1 -] 2 12 17 13 9 5 7 90
RS 8.8 8.5 12.5 3.0 - 4.0 6.0 12.2 4.8 7.8 9.0 9.5 86.1
IHE (SR RIE R - 1 2 - - - - — 1 - - 1 5
A - 1 4 — - — — — 4 — — 1 10
HREM B AR 4 2 — 1 1 2 — 1 1 — — _ 12
BF 9.4 6.7 - 4.0 2.0 2.5 - 2.5 2.0 = = = 29.1
At BITE 3K 19 7 7 2 1 4 12 18 15 9 5 8 107
B AE 18.3 16.2 16.5 7.0 2.0 6.5 6.0 14.7 10.8 7.8 9.0 105 1252
ERAEH 11 7 5 2 1 3 3 7 6 4 5 7 61
RS 6 5 5 2 1 3 10 5 5 4 4 6 56
SRR 184E B (20064E4 A ~20074E38) Mariner {$ KK
3F HEDHE 48 58 68 7A 8H 98 108 118 128 18 28 37 &
BER | R e RIE B 6 8 32 18 5 11 18 50 27 23 3 3 204
RS 5 115 48.7 29.0 5.5 16.0 225 61.3 28.8 22.8 4.3 1.0 256.3
T8 | mAEE T 5 6 19 22 26 24 17 36 29 42 24 3 253
B RS 9.5 11 23.5 38.8 38.1 23.5 13.0 32.2 19.2 38.3 33.0 6.0] 286.0
SHXEEVS— Bl - 2 2 1 2 — 1 — — 1 1 — 10
B ) - 6 8 6 3 - 5 — -] 6 5 — 39
i ] HIE R 11 16 53 41 33 35 36 86 56 66 28 6 467
B A 14.5 28.5 80.2 73.8 46.6 39.5 40.5 93.5 47.9 67.1 42.3 7.0] 5813
[ IN-E 5 7 24 23 22 11 12 31 21 25 16 4 201
[EEEES 5 5 14 15 16 9 10 13 11 14 11 4 127
% 184E BE (20064E4 8 ~20074E38) AutoMS IS
FBe DM 48 58 68 78 8A 98 108 118 128 18 28 3A BE
I%E [IAREZRIESHSR 8 2 32 92 18 4 49 52 28 23 9 7 324
B ) 44 14.6 19.9 78.7 14.2 3 30.5 52.5 35 18.5 12 5.5 3284
&5t AITE 3 8 2 32 92 18 4 49 52 28 23 9 7 324
B A 44 14.6 19.9 78.7 14.2 3 30.5 52.5 35 18.5 12 55| 3284
[ IN-E 8 2 2 14 3 1 5 7 6 3 2 1 54
[EEEES 8 2 2 10 3 1 5 6 6 3 2 1 49
SER 1SS (20064F4 4 ~20074E3 ) EEMFEMEE S2400 HRAERE
3F DT TR E 48 58 68 7R 8A 9A 108 118 128 18 2A 38 #Et
B | HES AT - - 2 - - - - 3 1 - — — 6
B - - 4 - - - - 7.5 4 - - — 15.5
ER e A S 2 3 1 — — — — — B 1 — 7
A8 4 11 2.5 — — — — — — — 3.5 — 21
T2 AT 10 20 34 23 8 23 32 46 69 30 18 7 320
RS 23.5 37 53 40.5 20 46 64 84.5] 1165 715 24.5 16.5] 597.5
BT RIS 5 4 6 6 2 3 16 5 5 8 10 4 74
B 11 15.5 18 9 8 4 31 11 21 24.5 26.5 10.5 190
HEREM B AR 1 12 4 3 9 3 7 2 24 10 1 — 76
RS 1 21 12 8.5 28.5 9.5 18 5 77 31.5 3 - 215
EREF[AEHHK 6 2 12 6 5 11 7 6 13 9 10 6 93
B R 9 5 26.5 13.5 6 24.5 22.5 12.5 18.5 24 24 14 200
sXEEVA— [BIEER - - 1 - - - — 2 — 1 1 — 5
B fE - - 1 - - - - 1.5 - 1 1 — 4.5
&3t | AEEER 24 41 60 38 24 40 62 64 112 58 41 17 581
[ BAE 48.5 89.5 117 71.5 62.5 84] 1355 122 237] 1525 82.5 41] 12435
ENANER 19 37 44 26 19 32 47 49 80 54 34 17 458
EEIEES 12 18 20 15 11 16 20 19 20 18 15 13 197
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m18¢§(2006$4ﬁ~2007ﬂ=-3ﬁ) ﬁﬁ%%ﬁﬁﬁ

S4100 {EFELE

3F ﬁﬁ@%iﬁﬁ&%ﬁ 68 | 7B | 8H 9A 108 118 128 18 2A 3A #ET
TZE | RICE| AR 11 10 12 11 11 12 14 15 14 11 21 11 153
[Eaci] 20 25 28 16.5 315 25 30.5 31 41 27 45 25| 3455
BRI Il | SR TE 4 3 - - 2 - - 2 1 2 1 - 2 2 12
i - - 2 - - 5 1.5 2 1 - 1.5 3 16
HREAM AR 2 4 - 3 4 6 8 1 13 13 7 7 68
B 6 8.5 - 3.5 13.7 12.5 17 6.5 30.2 275 18.5 7] 150.9
B ERIE - 2 2 - - - - - - - - - 4
i - 3.5 5.5 - - - - - = = - - 9
EXREF[AEHHK 1 2 — 1 - 2 5 3 5 7 5 3 34
B 1.5 3 - 2 - 6 8 3 4.5 9 6.5 4.5 48
PHXEEUS— [BIEHS 1 - - - - - 1 - - - 1 — 3
i 2 - — - - 3.5 - - - 1.5 - 7
&3t | HIE 3R 15 18 16 15 15 22 29 21 33 31 36 23 274
[ RS 29.5 40 35.5 22 45.2 48.5 60.5 42.5 76.7 63.5 73 39.5] 576.4
ERANEHK 11 17 12 8 10 17 24 14 28 25 30 16 212
[EEEES 8 13 10 8 9 12 16 11 16 16 18 11 148
AR 184E B (20064E4 A ~20074E3 8 xﬁlﬁl#ﬁ&%umma {3 AR
4F X#REERE 48 58 7H 8H 98 108 118 128 18 28 38 #E
FEEE T E A P - 5 - 5 -] - - - - - 3 1 14/
B ] - 12.5 - 6.5 | - - - | - 5.5 2 26.5)
TE | A RIEE - 11 9 15 - - = = = - 14 5 54
RS - 17 15.8 20.5 -] - — — = - 19.5 7 79.8
BRBHIE | RIE 8 - - 1 - - - - — ] — — ] 1
B ] - - 15 -] - - -] -] - - -] -] 1.5
M T 2 | I 3R - - 2 1 - - - | | - 1 -] 4
BAE - - 12 2 - — — — - — 1.5 15.5)
HEREAH R 3R 2 21 28 33 ] — - - - — 25 27 136
B RS 4.8 38.6 45.2 55.0 = - = = = = 39.0 30.8] 2223
[ R - - 3 — = - — — — — — — 3
FEF S - - 10 = - - = —| — — — — 10!
BERETAIEHER - 3 7 2 - — . ] - - 9 5 26
RS - 7.3 22.3 1.5 — — — — — — 16.5 7.0 54.5
sHXEEV S — [BlEER - 13 4 — -] - — — -] - — — 17
B fE - 20.5 7.1 - — - - - — - - . 27.6
i ] BIEH 2 53 54 56 0 0 0 0 0 0 52 38 255
[ B¥AE 4.8 958 113.9 85.5 0.0 0.0 0.0 0.0 0.0 0.0 82.0 55.8 | 437.7
ERAER 2 53 59 48 0 0 0 0 0 0 52 33 247
[EEEEES 2 21 21 15 0 0 0 0 0 0 18 15 92
R 184EFE (2006454 3 ~ 200743 ) #EXER PW2400 AR
AF X{REERE 48 58 68 78 8H 9A 108 118 128 18 2R 38 (RET
THER | #TI2 RE 3k - - - - - - - - 1 1 1 3
B - — — - - — — - - 1 2 1 4
[ R CE — — — - 6 4 14 15 18 8 3 2 70
BFE - - - - 6.5 7.5 38 21 32 12.5 4.5 2.5 1245
HEREAM R - - - 1 1 - - 1 - - 5 8
By - - - - 2.1 1.3 - - 3 - - 2 8.4
AXEEVS— BIEHS 8 6 4 — 1 8 2 — — — — 1 30
B R 15.5 11 6.5 — 3 18.5 4 — — — — 1 59.5
it | HIE R 8 6 4 0 8 13 16 15 19 9 4 9 111
[ (e 15.5 11 6.5 0 11.6 27.3 42 21 35 13.5 6.5 6.5] 196.4
ERAER 8 5 4 0 6 13 12 14 16 9 4 4 95
EEEES 6 3 3 0 5 10 9 11 9 7 4 4 71
SR 184EBE (20064E4 8 ~20074E38) WMt AEEXER AR
AF X#REERE 48 58 68 78 8H 9A 108 118 128 18 28 38 #Et
I8 [iAEE TSR = - - — 2 1 3 - - - 6
B A - - - - - 5 - 2 5.5 - - - 12.5
HEREM AR 3 1 11 11 7 4 3 12 37 18 8 — 115
B AR 4 1 18.5 23 22 6 6 225 57.9 19.5 13.5 - 193.9
BREF[AEHHK 1 — - - - - - 1 3 1 2 2 10
B A - - - - - - - 2 3.5 1 2 2 10.5
At AITE 5k 4 1 11 11 7 3 14 43 19 10 2 131
BAE 4 1 18.5 23 22 11 6 26.5 66.9 20.5 15.5 2] 2169
ERANEH 3 1 10 11 7 6 3 14 41 13 10 2 121
[EEEES 3 1 6 9 4 6 3 12 15 8 8 2 77
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SE AR 184E B (20064E4 H ~20074E38) B AMEEIXER (FREE
AF X{RERE 48 58 68 78 88 98 108 118 1278 18 28 38 5
HPE | BRI BIE R - - 2 - 4 - - - - — — — 6
Ff i - - 12 - 61 - - - - - — — 73
I8 (iSREZ | BIEHR - 4 5 - - 1 3 2 — — 1 — 16
BFE - 39 40 - - 17 36 20 - - 15 - 167
BT RIS - - - 0 3 - 4 2 - 0 1 — 10
By - - 2 8 - 6 4 - 1.5 3 24.5
EXREF[AEHEHK - - — - - — — — - 6 2 — 8
B - - - - - - - - 14 4 — 18
&t BIE R 0 4 7 0 7 1 7 4 0 6 4 0 40
B RE 0 39 52 2 69 17 42 24 0 15.5 22 0] 2825
ERAER 0 5 7 1 7 2 7 4 0 6 4 0 43
EEEES 0 5 6 1 7 2 6 4 0 6 4 0 41
SRR 184E B (20064E4 3 ~20074E38) ESCA {SFR#K
AF XEREERE 48 5A 6A 7A 8A 9A 108 118 128 18 28 3A #ET
IFE |iAEZ TSR - = - - — 2 -] -] -] 5 - - 7
B¥AE - - — — — 12.3 — — — 21.5 — — 33.8
HEREM B AR - - - - 3 4 1 6 7 3 2 - 26
BERY — — ] ] 23.5 37.5 6.0 53.9 63.5 29.5 6.0 —| 2199
M2 I - - - | - — — 6 - — 6
B R - - - - - - — — 35 - - 35
EREF[AEHHK 1 2 0 4 - 1 1 2 1 3 — — 15
B3RS 9 12.5 4 20 -] 7 0.3 3.5 1.5 10.5 — — 68.3
&t B 1 2 0 4 3 7 2 8 14 11 2 = 54
B fE 9 12.5 4 20 23.5 56.8 6.3 57.4] 100.0 61.5 6.0 0.0[ 357.0
ENANEH 1 2 2 5 3 7 2 8 14 9 2 0 55
[EEES 1 2 2 4 3 6 2 8 12 9 1 0 50
SR 184EFE (20064E4 ] ~20074E3f) ESR-EMX SRS
4F X$RERE 48 58 64 78 8A 98 108 118 128 18 28 3A BE
HEE BRI ER RIS - - 2 8 - — 17 1 18 6 35 ] 87
I - - 5 8 -] - 18 1 8.5 6 19 — 65.5)
T2 %ﬁ‘éﬁ*ﬂiﬁﬂi#ﬁ 6 5 ] ] - - ] 6 24 4 - 1 46
S 5 3.5 — — -] — — 4 9 1 — 7 29.5
&it HIE R 6 5 2 8 -] - 17 7 42 10 35 1 133
BrE 5 3.5 5 8 0 0 18 5 17.5 7 19 7 95
LERAEH 1 1 1 2 0 0 2 3 8 2 4 1 25
[EIEES 1 1 1 2 0 0 2 3 6 2 4 1 23
R 184E B (20064F4 3 ~20074E38) ELEXSYS580 {#FAE#s
4F XIRRERE 45 5H 68 78 8H 98 108 118 128 15 28 38 5
HEE R ER RIS - - — — - 11 3 16 - 4 6 — 40
B ) - - — — -] 27 15 19 -] 6 13 — 80
At BITE 3 0 0 0 0 0 11 3 16 0 4 6 0 40
B fE 0 0 0 0 0 27 15 19 0 6 13 0 80
[ IN-E 0 0 0 0 0 4 3 3 0 1 2 0 13
[EEES 0 0 0 0 0 4 3 3 0 1 2 0 13
AR 184EBE (20064E4 B ~20074E38) CCDEMRMEEITER SMART APEX =
AF X#REERE 48 58 6H 7H 8H 98 108 118 128 18 28 38 #2E
BEE | MEE AR - - - - | - - 2 2 1 — ] 5
A - - — - - - - 37.5 37.5 24 - ] 99
EEMEZ RIS 10 19 25 19 10 16 20 17 14 25 23 10 208
B 158.7 | 2732 4483 359.3] 1742 132.0[ 176.5] 305.3| 263.5] 357.5[ 383.7| 162.5] 290.5
T I A P 4 1 1 2 — - - 1 1 - 1 1 12
RS 34 24 23 36 -] - — 23.5 24 — 225 18 205
sHXEE— [BlEER - 1 3 — 1 1 3 4 -] 4 — - 17
B fE — 20.0 52.0 ] 12.0 24.0 47.3] 1210 ] 68.3 — —| 3447
it | BIE A 14 21 29 21 11 17 23 24 17 30 24 11 242
(0] 192.7] 3172 0.0 0.0 0.0 0.0[ 2238 487.3[ 325.0] 449.8 0.0| 1805] 1952
ERAEH 14 18 22 13 9 12 13 19 12 13 11 7 163
[EPEEES 12 16 19 13 8 11 12 16 13 13 10 7 150
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:Fﬁ&:lsﬂiﬁ (2006£F-4FI ~20074E3A

ﬁﬁaaXﬁﬁﬁﬁﬁaﬁﬁ ﬁﬁﬁiﬁ

AF BifE 5 48 58 | 68 | 98 108 118 128 18 27 34 #E
FEEE gbmﬂ:% Elliﬁ'-%( - - 2 1 1 - - - -] - - - 4.0
A - — 28.3 — - — — - — — 28.3
X EEVS— [ HIEHE - 1 6 1 — — 1 — 1 1 3 — 14.0
BF P - 115] 151.8 - - - - - 267 20 208 —| 7618
i ] HIE R 0 1 8 2 1 0 1 0 1 1 3 0 18.0
[ B FE 0 115 180 0 0 0 0 0 267 20 208 0] 790.0
ERAEH 0 1 8 2 1 0 1 0 1 1 3 0 18.0
RS 0 1 7 2 1 0 1 0 1 1 3 0 17.0
RE184E B (20064F4 B ~20074E38) BEMFT-IR(FZAYUR) EHAEHK
AF D RE 48 58 64 78 8H 98 108 118 128 18 28 38 #E
HER | R EE TR - 1 - - - - - - - - - - 1
A - 2 - - - - - - - - - - 2
T |HETBEER - - - - - - | 2 5 8 -] -] 15
B fE - - - - - - - 9 7 10.5 - — 26.5
HEREAL AIE 3K 2 - - - - — — — — ] 2
B 3 - = - - = = = - - = 3
sHXEE S — [BEER - - - - - - - - — 2 = 3 5
B - - - — - - 2 — — 12.5 — 16.2 30.7
it | AT 2 1 0 0 0 0 0 2 5 10 0 3 23
[ (0] 3 2 0 0 0 0 2 9 7 23 0 16.2 62.2
LERAEH 2 1 0 0 0 0 1 2 5 10 0 3 23
BEAR 2 1 0 0 0 0 1 2 5 9 0 3 23
SRR 184E FE (200644 A ~20074E3H) System2000R {3 FASE#K
4F D= 48 5A 6A 78 8A 94 108 118 128 18 28 3A #E
HEE | BRI EF RIS 18 29 34 20 10 13 25 32 16 16 28 15 256
F08 8.5 315 17.8 11.3 7.9 7.2 15.4 16.0 6.2 8.2 12.6 8.7 1511
T38| mALZE SR 2 5 6 3 2 2 3 7 7 - 3 1 41
BERY 1.5 3.0 2.5 1.3 1.2 1.0 2.5 6.0 2.6 — 2.5 1.0 25.1
A&t BIEHE 20 34 40 23 12 15 28 39 23 16 31 16 297
(0] 10 34.5 20.3 12.6 9.1 8.2 17.8 22.0 8.8 8.2 15.1 9.7 1761
ENANEH 15 34 39 23 12 15 28 39 23 16 31 16 291
[EEEEES 12 13 17 11 7 10 13 19 12 11 13 9 147
:FEE18$J§(20065|’-4E~2007$3H AFM/SPM _ i FASE#E
5 45 58 68 78 8H 9A 108_| 118 | 121 18 28 38
PR | EEEE TR 2 - - 1 - - - - - - - ] 3
BERE 10 - . 6 -] - . ] - - - ] 16
I¥E (REZBIEESK - - - — - - — — — - 2 — 2
(a0 - - = - - — - — — - 5 — 5
HEREM B AIE - - 6 7 — 2 5 — 1 ] 29
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