PR

AE_BHTRER—-RRANBYERLERTRRIMEY), EEEE

B, 784, 2 FRE. BT AHENSKM RIS SRE T Z RN HRTR.
BOVTR T REZBH TR EY SRR A AR KRBT —R5)
HFEXHLERGR:

1.

LR E FE N BEEEN ZRGEFERE _MA SRSk NEE,
B HREEURNEHME BT RNERR. SREL. SREAR,
BRERATED. HUBBSTED RS, B S5RIR . KEaHSk
FYHERRNERT AE MR SRR, BT ED. Bifk. B
TAEYEEL R HAESHEE, R FRSETRERN, BT %
% Schiff . BEZATEY. B R, 'H NMR AT EMMTEFERTT
LEMRIE, S X-Ray fTHEREE 11 MAXZBHHRATEDH A
R T EiH .

B EMHERAR_MAFRE LR TE R ETEHESF _ABEAAEE
RIFBAZEHRERE _BHERTEY, FE RbER % BFR
& (CV) Fkm g (DPV), MEMIREEH R#HT TR,

R THWEREE BT RBEGEYN TR L, —£FH NN-ZE
ERZBHERE R MRS EELE K.COYKINFARTRENK. —&
V812K Y #F 35 12 BE R AT A 0 A1 B B R AT R AR R B
MNEX=MRFREEATEDN S RHT TP A. B8R X-Ray #
FEABRNMEXR=ZMA BT ED T TR REEH, RAFFHERT RN
WHB> TR,

KW TR FEZBRTE. EX=MHF 5 LR, Schiff M. =i,
BRATER. HTHE, Bibg. BRRE



Cotlege of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou,
China

Thesis for Master Degree

Study on Synthesis and Properties of Functional

Calix[4]resorcinarene Derivatives

Author: Jun Han
Major; Organic Chemistry
Tutor; Prof. Chao-Guo Yan

Date: May, 2007

Abstract

Calix[4]resorcinarenes represent an important class of synthetic host molecules and
have versatile applications in supramolecule chemistry such as complex extraction,
molecular devices, molecular recognition, self-assembly and nano materials. We
initiated the studies concerning the synthesis and properties of some functional
calix[4]resorcinarene derivatives, and have maken a series of significant and creative
results. The main results are showed as follows:

1. Tetramethyl, tetraphenyl, tetra-p-hydroxyphenyl and tetraferrocenyl

calix[4]resorcinarenes are alkylated with different alkylation reagents to give
a series of functional derivatives such as esters, chloropropyl, cyanopropyl,
amides. Then the calix[4]resorcinarenes esters derivatives reacted with

diamines or hydrazine to give amide with terminal amino groups, or hydrazone



derivatives, which in turn condensated with pyridinecarboxaldehyde and
ferrocenecarboxaldehyde, acetoacetone to yields Schiff bases and ketoimine
derivatives. Their structures are characterized by NMR and IR and elemental
analysis and confirmed by determination of eleven single crystals.

2. Efficient prodedure was developed for selectively and efficiently intreducing
ferrocenyl groups on the upper rim, or on the lower rim, or both on the upper
and lower rims of resorcinarenes. The electrochemical properties of these
ferrocene-containig resorcinarenes were studied by Cyclic Voltammetry(CV)

' and Differential Pulse Voltammetry(DPV). ’

3. Two efficient procedures were developed for synthesing resorcinarene amide
derivatives. One procedure is direct alkylation of resorcinarens with
N,N-dialkyl a-chloroacetamide in the system of K,COs/ Kl/acetone. The other
is aminolysis of ethyl resorcinaryl acetates with aliphatic mono- and diamines
in ethanol,

4, Tetraphenyl, and tetraferrocenyl pyrogallol[4]arenes are prepared efficiently
and their structures are confirmed by determination single crystals of acyl
derivatives. From which It is interesting to find fhat tetraphenyl, and
tetraferrocenyl pyrogallol[4]arenes exist in two different kinds of

configuration.

Keywords: calixarene; calix[4]resorcinarene; pyrogallol[4]arene; Schiff bases;
ferrocene, single crystal structure; configuration, electrochemistry; cyclic

voltammetry.
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2.1.1.3 2,8, 14, 20-[FEM[4)EAX_BFEE (C) K&

7 250mL = O FEMH, X B (100mmol, 11.10g), =R ZE (33.3mmol,
435625 T 90mL KW (V 2V 4V e=33: 1P, AR R THEZE 70-75C,
RAE3d FERB BT, BHHESaEF R, F%: 85.0%, mp:>250TC.

2,12 [AIXEZERS R BRI AR
1.1.2.1 4,6,10, 12, 16, 18, 22, 24- \[(ZE 3K E) P G H]-2, 8, 14, 20-DUK K7 [4)/]
EMER (Z) tem?
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2122 4,6,10,12, 16, 18,22, 24- \[(ZEHE)FEH£]-2, 8, 14,20-0 (p-[(ZE 3K
HFEERE) FAE_BMFR (Z) HEEY

2.1.2.3 4,6, 10, 12, 16, 18,22, 24-\[(Z & B 2) FE &)-2, 8, 14, 20-J0 ~JEEREAR
[ARIE_BFE (L) HER

7E 250mL =HMPHEMAN REERGIENE _BER Cx3.672,
3.0mmol), ¥ AR T 7K KCO5(8.28g, 60mmol) F KI(0.2g), B IWA T2 ¥ 60mL,
BRI AP S B ISR 2.8 Z.B5(5.3mL, S0mmol), T4 [EI Y 6de K
ERGRNBRAHE, MERETHLE, BEREERZTEBANRY, X
KZWBEL S, EBIINEEE 42108, HESLTKZHESRTHRLG
W, HHERFRE L. FE: 69.0%, mp:135T. R KBr) [em'}: v=
3441(m), 2925 (m), 2918(w), 1758(vs), 1733(s), 1500(m), 1485(m), 1301(w), 1200(s),
1079(vs), 895(w), 483(w). "H NMR (CDCL) {ppm): 8=6.1-6.3(m, 8H, ArH), 5.43(s, 4H,
ArCHAT), 4.14(s, 16H, CH,), 4.04(s, 8H, CsH,), 3.96(s, 20H, Cp), 3.77(s, 8H, CsH,),
1.23(m, 16H, CHy), 1.21(m, 24H, CH;).

2.1.2.4 4,6,10,12, 16, 18,22, 24- \[(ZEHKE) P FHE]-2, 8, 14, 20-[T FEA[4][7]
E_BFER (Zy) HEHK

£ 250mL =FHMFHEMAN Z G EAU]RE B F R Ca(2.720g,
5.0mmol), ¥ K R To7K KCO3(8.28g, 60mmol) #1KI(0.2g), B AT 12 M KK 60mL,
TN ER AN E I E 2.8 L86(6.0mL), BRI 6d. RAVERME R
R4 R, HiBRETHS, BREEEZRZETHEEHRY, MEKLERH
B4, MEATAARK, HFER8TKIBRESEVERANRLTR, H
B E . PEE: 60.0%, mp:131-132°C. IR (KBr) [cm™]: v=3490(m), 2981 (w),
2935(m), 2873(w), 1755(vs), 1613(m), 1588(m), 1502(s), 1443(m), 1408(m), 1378(m),
1307(s), 1205(s), 1132(s), 1082(s), 1025(m), 969(w), 893(w), 840(m). 'H NMR (CDCl;)
[ppm]: 8=7.28(s, 4H, ArH), 6.26 (s, 4H, ArH), 4.73-4.74(m, 4H, ArCHAr), 4.22-4.23(m,
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16H, OCHy), 1.48-1.49(m, 16H, CH,), 1.27-1.30(m, 24H, CH;).

2.13 (8K B R TRER TR R AT AW & R
2.1.3.1 4,6,10, 12, 16, 18, 22, 24- \ (% BB AEAREEE)-2, 8, 14, 20-VY A H AT (4] H]
E ¥R (TsOCy) HIE& /K

7 SOmL FEfi P TSE A UK EAR[4) B K By 12 Ci(1.584g, 2.0mmol), =7
(2.8 mL, 20.0mmol)FITE K PUZkME 40mL, H#it) BB B ® H(3.4202, 18.0mmol)
BT 20mL TAKERME R EMA_ LRESS P, MAEGRsh. BEERET,
RTHERE, K23 REABENERTE, HZMZEESRBHAEK, X
BB (R ZRZE=11) BaEE k. 2. 80.0%, mp: 232-233C. IR (KBr)
fem™): v= 3444(w), 1596(m), 1489(m), 1453(w), 1382(s), 1254(w), 1194(vs), 1180(s),
113%(m), 1092(m), 1041(m), 933(m), 835(m), 813(m), 757(w), 704(m), 563(m).'H
NMR (CDCl;) [ppm]}: §=7.60(m,6H,Ar-H), 7.35-7.40(br,m,8H,Ar-H), 7.08-7.21(m, 8H,
Ar-H), 6.83-6.93(m,6H, Ar-H), 5.90-5.97(m,4H, Ar-CH), 2.32-2.50 (m,24H, CHj).

2132 4,6,10,12,16, 18,22, 24-\(W B EEREEEE) 2, 8, 14, 20-U[p-CH R %
BERE)RZ IR E_MFTE (Ts0C) &K

FiEEL L, 7 50mL B FEMANRER4]ME_BITE C(1.600g,
2.0mmol), = Z.J%(3.0mL, 24.0mmol)F T 7k PYELARI 40mL, % B 2 B & (4.750g,
25.0mmol)/F## T 20mL Fo/K N ERkmE = S A LidB &, MAE sh. Fesk
BRET, MAGER, Kk 23 RESHENERTHE, BLBZBESLEH
Bk, RS (LB ZE=11) BEEEHE. = %: 82.0%, mp:128-129C.
IR (KBr) [em™]: V=3446(w), 1596(m), 1493(m), 1376(s), 1294(w), 1194(vs), 1179(s),
1154(m), 1092(m), 1044(m), 918(w), 872(m), 840(m), 814(m), 753(m), 687(m), 551(m).
'"H NMR (CDCls) [ppm]: 8=7.67(d, /=7.2Hz, 6H, Ar-H), 7.20-7.42(br, 18H, Ar-H),
6.06(s, 4H, Ar-CH), 2.21-2.50(m, 36H, CH,).
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2.1.33 4,6, 10, 12, 16, 18, 22, 24-\(¥} B FH#FeEE)-2, 8, 14, 20-1U F R [4)/4]
EHFER (Ts0Cy) WHHK

FEEE, £ SomL BEAHAEMANEER4EE BB C,(1.088g,
2.0mmol), = Z.f&(2.8mL, 24.0mmol)F1 75 7K U KM 30mL, 4 %t A E EY (3 420g,
14.0mmol)& ## T 20mL /K UERKM P F A LidB &Y, m#AER 8he fet
REZET, MEMHER, K23 REHEENERTE, BLBELREAEAH
t, HFZE/EGHTERE. E: 760%, mp: 224-225C. IR (KBr) [em™]:
V=3446(w), 2974(w), 1596(m), 1491(m), 1456(w), 1371(s), 1254(w), 1193(vs), 1179(s),
1087(s), 1022(m), 978(m), 900(s), 706(w), 690(w), 551(m). 'H NMR (CDCls) [ppm]:
§=7.74(br, 14H, Ar-H), 7.32(br, 14H, Ar-H), 7.26(s, 4H, Ar-H), 6.66(s, 4H, Ar-H),
4.30-4.34(m, 4H, A1-CH), 2.44(s, 24H, CH;), 1.17(d, J~7.2Hz, 16H, CHa).

214 AEBHEFTEIARERTEDHEK
1.1.4.1 4,6, 10, 12, 16, 18, 22, 24- \ RN EE-2, 8, 14, 20- WYKL [4] XK BT &
(Z/LB)) & H,

7E 250mL =HITHAINA 2, 8, 14, 20-JUFHEEF 4] B F BT & C, (2.376g,
3mmol) FERTEA K,COs (16.56g, 120mmol), BMATIENIEE 100mL, N,
B3P F IR LA N E R 1-8R-3-E AR (SmLd &), BHERIRRERN 6d.
RMERS REBWHIE, BEGEZTIAR, BRERERETHEABRY,
W 9s%ZEBEER, MESINREGRE K BR8N KLEEL L™
fh, AR RRE R TRV ZBNREETPHBIEGER B, £ 450
%, mp: 213-315°C . IR (KBr) {em™"]: v=3025(w), 2928(w), 2873(w), 1609 (m), 1583(m),
1501(vs), 1467(m), 1410(m), 1386(w), 1296(vs), 1193(vs), 1101(s), 1049(s), 950(w),
756(w), 701(m), 653(w), 593(w). 'H NMR (CDCly) [ppm]: §=7.01(s, 4H, Ar-H), 6.91(s,
8H, Ar-H), 6.63-6.75(m, 8H, Ar-H), 5.84-6.40(m, 8H, Ar-H), 5.58-5.67(m, 4H, Ar-CH),
3.98-4.11(m, 8H, OCH,), 3.65-3.89(m, 8H, OCH,), 3.16-3.45(m, 16H, CH,CI),
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1.87-2.02(m,16H, CH,). ?C NMR (CDCl) [ppm): §=29.65, 32.10, 32.21, 32.33, 40.92,
41.10, 41.24, 41.98, 64,22, 64.27, 64.51, 65.31, 95.48, 96.88, 113.50, 124.12, 125.61,
127.63, 129.55, 131.25, 134.79, 154.15, 154.42, 156.21.

2142 4,6,10,12,16,18,22, 24-\NEAREE-2, 8, 14,20-10 {p-FHEAEFEE)
[4]/E] 2 — By 5 R(Z,LB) I A R

LRPSBE L, Y EEEE, 2% 30.0%, mp: 222-224°C. R (KBr) [em™']:
v=3442(w), 2962(w), 2876(w), 1609(m), 1582(m), 1507(vs), 1468(m), 1410(w),
1385(w), 1298(s), 1244(s), 1190(s), 1100(s), 1049(s), 949 (w), 825 (w), 726(w), 652(W),
593(w). 'H NMR (CDCls) [ppm}: §6.50-6.55(m,16H, Ar-H), 6.38-6.39(m, 44, Ar-H),
6.16(s, 2H, Ar-H), 5.77(s, 2H, Ar-H), 5.62(s, 4H, Ar-CH), 3.88-4.08(m, 24H, OCH,),
3.18-3.74(m, 24H, CH,Cl), 1.56-2.30(m, 24H, CH,). *C NMR (CDCL) [ppm]; §=30.12,
32.45,32.57,32.63, 32.69, 41.33, 41.42, 41.45, 41.53, 41.66, 42.35, 64.58, 64.82, 65.63,
95.74, 97.14, 113.84, 124.43, 125.91, 127.93, 129.93, 131.60, 135.12, 154.49, 154.78,
156.57.

21.43 4,6,10,12, 16, 18,22, 24- \RKNEE-2, 8, 14, 20- Y ~ % EAR (4] =
B HR(Z LB A L

TRSHA L, FYLREERE. E: 18.0%, mp: >250°C. IR (KBr) [em™]:
v=3091(w), 2961(w), 2873(w), 1608(m), 1583(m), 1503(s), 1470(m), 1407(m),
1291(vs), 1191(s), 1151(w), 1099(s), 1040(s), 1000(w), 935(w), 814(m), 729(w),
654(w), 486(w). ’C NMR (CDCly) [ppm]: 5=32.59, 32.63, 34.56, 41.64, 41.69, 41.74,
41.83, 68.79, 69.08, 69.15, 69.22, 69.30, 69.34, 69.41, 69.49, 69.52, 69.68, 69.71, 69.78,
69.83, 129.32, 129.95, 153.93.

2.14.4 4,6, 10, 12, 16, 18, 22, 24- \FRE -2, 8, 14, 20-10 FEAR 4] % — By %
B(ZLB) & R
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LRBBE L, Pk EEE . % 38.0%, mp: 115-116°C. IR (KBr) {em™}:
V=3442(w), 2963(w), 2929(w), 2872(w), 1611(m), 1583(m), 1501(vs), 1469(m),
1410(m), 1385(w), 1298(s), 1188(s), 1124(s), 1052(s), 898(w), 724(W), 653(w), 572(W).
'H NMR (CDCl;) [ppm]: §=6.53(s, 2H, Ar-H), 5.90-6.08(m, 6H, Ar-H), 4.55-4.65(m,
4H, Ar-CH), 4.14-4.23(m, 8H, OCH,), 3.70-3.84(m, 8H, OCH,), 3.21-3.42(m, 8H,
CH,CI), 2.19-2.34(m, 8H, CH,CI), 1.80-1.89(m, 12H, CH,), 1.42-1.54(m,16H, CHp).
3¢ NMR (CDCL) {ppm]: 8=19.80, 19.97, 30.66, 30.80, 32.58, 32.73, 41.49, 41.64,
41.81, 64.51, 64.61, 64.94, 65.43, 95.90, 98.70, 98.75, 125.03, 125.51, 125.59, 125.75,
12591, 125.99, 129.17, 153.78, 153.88, 154.03, 155.04,

2.1.5 [ARZENE RN ERATED &K
2.1.5.1 4,6,10, 12, 16, 18,22, 24- \BARE -2, 8, 14, 20-JUKHEM[4] (6 X M7
$2(2, DB RR

£ S0mL B A KRG (4R X M35 BT £49) Z,LB (0.2mmol,
0.281g) FIBALE4(1.6mmol, 0.240g), 30mL FHENE R F, MAFRK 4840, %
HEZBERERRESA, WA SmL EHBHEELE, BEREE nL £H
MEKZE, FEOBEETE, BE BKZBERGLFTH. TF 780 %,
mp:152-153°C. IR (KBr) [em™]: v=3447(w), 3023(w), 2926(w), 1609(m), 1582(m),
1500(vs), 1466(m), 1409(m), 1384(w), 1297(s), 1191(s), 1100(s), 1050(w), 809(w),
699(m), 592(w). 'H NMR (CDCL) [ppm]: §=6.99(s, 4H, Ar-H), 6.92(s, 8H, Ar-H),
6.63-6.75(m, 8H, Ar-H), 5.84-6.40(m, 8H, Ar-H), 5.60-5.68(m, 4H, Ar-CH),
399-4,11(m, 8H, OCH,), 3.70-3.88(m, 8H, OCH,), 2.80-3.45(m, 16H, CH,I),
1.53-2.04(m,16H, CH,).

2.1.52 4,6,10,12, 16, 18,22,24- \IRFE -2, 8, 14,20-14 {p-MFEEEE} #
[4][813 Z By 5 12 (Z,DB)I & 1%,
SR BBE F, SREEFA)EX - BFERNETEY Z,LB (0.Immol,
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0.177g) MBALAI(1.2mmol, 0.180g), F=4) 4 B LI 1K . = . 76.0%, mp: 202-204°C.
IR (KBr) [cm™]: v=3446(w), 2924(w), 1610(m), 1542(m), 1508(s), 1459(m), 1384(vs),
1298(m), 1244(m), 1177(m), 1099(m). ‘H NMR (CDCL) [ppm]: 5=6.41-6.58(m,16H,
Ar-H), 6.40-6.45(m, 4H, Ar-H), 6.18(s, 2H, Ar-H), 5.79(s, 2H, Ar-H), 5.65(s, 4H,
Ar-CH), 3.98-4.14(m, 24H, OCH,), 2.82-3.88(m, 24H, CH,I), 1.54-2.80(m, 24H, CH;).

2153 4,6,10,12,16, 18, 22, 24- \MUAE E-2, 8, 14, 20-NF EH 4R E_BE
F(ZDB) & R
ERERA L, KREERUAEX_BMFTLENENTEY 2,8 (0.15mmol,

0.173) FIHL B4(1.2mmol, 0.180g), =491k B 5.8 & . 7= 2: 72.0%, mp: 118-119°C.
IR (KBr) [cm™]: v=3447(w), 2960(w), 2926(w), 2868(w), 1611(m), 1582(m), 1500(vs),
1464(m), 1408(m), 1384(w), 1298(s), 1237(w),1180(s), 1122(s), 1052(m), 898(w),
815(w), 568(w). 'H NMR (CDCly) [ppm]: §=6.36(s, 2H, Ar-H), 5.68-5.89(m, 6H,
Ar-H), 4.34-4.35(m, 4H, Ar-CH), 3.97-4.03(m, 8H, OCH,), 3.52-3.65(m, 8H, OCH,),
3.18-3.27(m, 8H, CH.CI), 2.18-2.79(m, 8H, CH,CI), 1.68-1.98(m, 12H, CHj),
1.06-1.33(m, 16H, CH,).

216 ME_BHERENEEZRTEDWERK
2.1.61 4,6,10, 12, 16, 18,22, 24- \FREHAE-2, 8, 14, 20-JUEHA 4]/ HE B
F5R(Z,LDQ) & R

75 250mL ZFHFBUEMA 2, 8, 14, 20- T FHAR (4] E _BF54 C, (2.376g,
Immol). BARRTLK K,CO; (16.56g, 120mmol), FIIATERHIAE 100mL, N,
RET MAEFAEAN/DNE M 48T HF GmLd®), FHERRRN 6d. &
MRS RMBAHE, MERETNE, BREEZRETHOBERRY,
W9 ImBELE, ERIKEARAK, B2 KIHESRTBL™
i AAERFREEK. = 75.0%, mp: 218-220°C, IR (KBr) {cm™j: v=3442(m),
3025(w), 2878(w), 2246(m), 1609(m), 1583(m), 1501(vs), 1470(m), 1450(w), 1412(w),
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1299(vs), 1239(w), 1195(s), 1103(s), 1053(m), 955(m), 828(w), 701(m). 'H NMR
(CDCly) [ppm): §=7.03(m, 10H, Ar-H), 6.96(s, 2H, Ar-H), 6.62-6.68(m, 8H, Ar-H),
6.25-6.36(m, 4H, Ar-H), 6.05(s, 2H, Ar-H), 5.77(s, 2H, Ar-H), 5.63-5.65(m, 4H,
Ar-CH), 4.07(m, 4H, OCH,), 3.98(m, 4H, OCHy), 3.72(m, 8H, OCH;), 2.24(m,8H,
CH,CN), 1.96(m, 8H, CH,CN), 1.58-1.90(m, 16H, CH,). ’C NMR (CDCl;) [ppm]:
§=11.38, 11.58, 23.55, 23.83, 41.54, 63.83, 65.11, 94.84, 97.22, 117.41, 117.52, 122.59,
123.74, 124.06, 126.24, 126.35, 126.40, 126.46, 126.51, 127.03, 131.87, 141.44, 152.85,
153.13.

2.1.62 4,6,10,12, 16, 18,22, 24- \ B A EE -2, 8, 14,20-18 {p-THEEXE)
FR[4118) % By 35 2 (Z,LDQ)HI & B

LRSEEL, FHARaEE. FTEN / ARMNESERNTHZTERK
. FEE: 72.0%, mp: >250°C. IR (KBr) {em™']: v=3432(m), 2945(w), 2248(m),
1609(m), 1582(m), 1508(vs), 1470(m), 1440(w), 1411(w), 1348(m), 1300 (s), 1248(s),
1199(s), 1159(m), 1102(s), 1055(s), 955 (m), 829(w), 697(w). "H NMR (CDCls) [ppm):
§=6.58(s, 16H, Ar-H), 6.44(s, 2H, Ar-H), 6.31(s, 2H, Ar-H), 6.20(s, 4H, Ar-H), 5.76(s,
2H, Ar-H), 5.63(s, 4H, Ar-CH), 4.05-4.15(m, 16H, OCH,), 3.88(m, 4H, OCHy), 3.75(m,
4H, OCHy), 2.62(m, 8H, CH,CN), 2.05-2.19(m, 16H, CH,CN), 1.79-1.96(m, 20H, CH,),
1.59(s, 4H, CH;). *C NMR (CDCls) [ppm]: §=13.32, 13.56, 14.20, 25.40, 25.76, 42.41,
65.44, 65.84, 65.96, 95.45, 96.79, 114.22, 119.18, 119.35, 119.52, 124.19, 126.03,
129.86, 134.92, 154.36, 154.55, 156.60.

2.1.63 4,6,10, 12, 16, 18, 22, 24- \FRNELE -2, 8, 14, 20-lU R EM[4) A X
Ty R(ZLDQ)I A

LRPRE L, EYAREEK. HTEN/ CRIENESERNPEIRE
BulR k. % 25.0%, mp: 197°C(dec.). IR (KBr) [em™']: v=3442(m), 2937(w),
2879(w), 2359(w), 2246(m), 1609(m), 1583(m), 1503 (s), 1473(m), 1408(m), 1384(s),
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1291(vs), 1191(s), 1151(w), 1103(s), 1043(s), 1001(w), 949(w), 814(w), 483(m). 'H
NMR (CDCL;) [ppm]: §=6.65(s, 2H, Ar-H), 6.38(s, 4H, Ar-H), 6.02(s, 2H, Ar-H),
5.44(s, 4H, Ar-CH), 4.33(s, 8H, CsH,), 4.05(s, 8H, CsHL), 3.94(s, 20H, C,), 3.75(m, 8H,
OCHy), 2.75(m, 8H, OCHj), 2.39(m, 8H, CH,CN), 2.06(m, 8H, CH,CN), 1.28-1.81(m,
16H, CH,). *C NMR (CDCls) [ppm]: §=12.61, 12.66, 12.72, 12.77, 23.87, 2431, 24.39,
33.43, 64.23, 66.96, 90.21, 117.67, 117.83, 118.89, 152.15.

2.1.64 4,6,10,12, 16, 18,22, 24- \FAZEE -2, 8, 14, 20- VU FHEAF[4]1H) % — By
FIZ(ZLDQ)HIA

LRSEE L, FPAEERE. TN/ AENESERT BRI ERIR
fiE. F2Z: 79.0%, mp: 243-245°C. IR (KBr) [em™]): v=3474(m), 2963(m), 2874(m),
2246(m), 1611(m), 1584(m), 1503(vs), 1471(m), 1411(m), 1387(m), 1300(vs), 1243(w),
1191(s), 1126(s), 1112(s), 1057(s), 945(w), 907 (W), 847(w), 824(w), 755(w). 'H NMR
(CDCL) [ppm]: 8=6.44(s, 2H, Ar-H), 5.84-5.97(m, 6H, Ar-H), 4.43-4.52(m, 4H,
Ar-CH), 4.11-4.20(m, 8H, OCHy), 3.67-3.68(m, 4H, OCH.), 3.38-3.46(m, 4H, OCH,),
2.58-2.66(m, 8H, CH,CN), 2.02-223(m, 8H, CHCN), 1.60-1.74(m, 12H, CH),
1.34-1.49(m,16H, CHy). *C NMR (CDCls) [ppm]: 5=13.48, 14.38, 14.48, 20.13, 25.74,
30.68, 65.88, 66.35, 96.34, 98.85, 119.11, 119.52, 125.29, 125.78, 126.25, 129.53,
153.54, 154.76.

22 R 5T
220 XTFEE B S BERERATEY & RNITiE

POk )% — By S R A R 317 -8 B (Scheme 1), R KRR 530
HR AR .
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HO OH HO OH
C,H;OH:H,O:HC!
U + R—CHO Gl >
N;

R
Cl: R=C6H5
Cy: R=C;H,OH
Cs: R=Fc
C4: R=CH;

Scheme 1

KRS LM T E, HEZBIEE KCOoyKl ARPMFIMENLRE
HALR Y (Scheme 2), B3] T 2REMH Y. ERRBRETEM KVAGHER
RAVARMELT %, BORSEEEHERBELAFRIRALR, ERT
RNHHAT, EERLRPBEIMFEIGCRTEARARF TRITH =Y H =285,
AR T ERRTMBEEHRZ AP ENEANNEL: AMERP KT KRS
i, REMGREERTENERHUIRE, EEMERERNET, HETALE
EWE, ENKERTAHE, SRTH, BRKGER, SEANEZL MS0,T
B, GG, REXRET, BROAMRY, MAKLEHES R, MERIHE
Rk, BERETKIHESBBEL, EXWLESEESEPHELRS,
MREEEIH. ERREXEFEBB™Y, REEFULHEINFH.

HO, OH CH;CH;0COCH,0. OCH,COOCH,CH,
CICH,COOCH,CH; . m
K,COy, KI, acetone, reflux, 6d

R R
C]i R=Ph Z[I R=Ph
Cy: R=CcH4OH ZZ: R=C6}I4OCH2COOCH2CH3
Cjy: R=Fc Zy: R=Fc
C4: R=£H3 Z4: R=CH3
Scheme 2

22.2 KT R R 5 REERAT Y RS M e
HTEAM. BT LR E B 5 R ERRATEM NS, RO
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BOLMEEYIET T SRS, FIF A Z 8/ SRS ERH BTN
defk. WEY Ly I, R 2, Gk B 25~ TF Fig 1, Fig. 2 #! Fig. 3. S5
FRIITE 2-1 F.

M ZyZy M BRAEHME, W3 EOEMORZBRTaRT WA, XP—am
PAEE MR TAETERKTFHLE, TR —4N5L LFEMEUEE, 20
RIS FHR. ki, REEBNARSBES FHHAAR. HFEENY
FEM RGEE, NNEENZRRELS T TEEFHF, 2TFER rece (all
cis) MR, MAWEREANNBEEERN, S TFHHEMEKNYREEERENT
L%, BRANVLER TR TE, BRI RTEMR, 3F 2B rett (cis-trans-trans)
MM, I, 5 F W 12 M REREE S EHE R | 8 ket h AR A& i
HEE T HERt.

Figure 1. 4L &4 7, W B AL H B
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K21 HEW 2, — L, W B4R

Z Z, Zs
Emplrical formula Cua Hygs Oy CiooH 12 0362CHCL Cioz Hyiz FegOss
Formula weight 1481.54 2086.87 1977.32
Temperature(K) 293(2) 173(2) 293(2)
Wavelength(A) 0.71073 0.71070 0.71073
Crystal system, Triclinic, P-1 Triclinic, P-1 Monoclinic, P2y/n
space group
Unit cell dimensions ~ a=12.160(0)A a~11.0389(T)A, =13.97513)A
a=78.470° =64.406(13)° a=90°
b=17.530(0) A 5=17.1440(6)A b=27.7708(6)A
p=171.630° B-73.919(16)° £ 100.4270(10)°
c=19.260(0) A c=17.4008(6)A ¢ =254590(5)A
y=19.190° P=T1.743(16)° ¥=90°
Volume(A?) 38904 2781.6(2) 9717.5(4)
YA 2 1 4
Calculated density 1.265 1.246 1352
3
(g-em™)
Absorption 0.093 0.229 0.661
coefficient(mm)
F(000) 1568 1039 4144
Crysta] size(inm) 0.2x0.2x0.3 0.1x0.27%0.3 0.2x0.2x0.3
@ range for data 1.10t0 24.99 3.02t025.35 1.68 10 25.00
collection
h, k, I ranges 0tol4,-201020,-20t0  -121013,-201020,20  -14to 16, -33 10 27, -30
* 2 to 18 to 30
Reflections 14311/13638 27350/10121 61173/17064
collected / unique {R(int) = 0.0345] [R(int) = 0.0977] {R(int) = 0.0809]
Completeness  to 99.5% 99.5% 99.7 %
theta =27.50
Absorption None None None
correction
Refinement Full-matrix least-squares ~ Full-matrix least-squares  Full-matrix least-squares
method on on F* on F°
Data / restraints / 13638/0/974 10121/ 6/ 667 17064 /56 / 1188
parameters
Goodness-of-fit on 1.014 1.247 0.992
Final R indices R=0.0957,wRy02719  R=0.1579,wR,=0.3788  R,=0.0703,wR,=0.1738
[I>20 (D]
Rindices (all data) Ri=0.2252wR;03585  Ry~0.2362wR;=0.4298  Ry=0.1507,wR;=0.2328
0.738 and -0.421 1.710 and -0.770 0.730 and -0.486

Largest diff. peak
and hole(e-A™?)
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2.2.3 KT HE M FREEEERETEY KRS BEH TR
BE _BHSEBRERTEVEFEEANAATERARNS FRAH
(rcce R raat), Rt —HHASIANELNE S FHEAZM, 7HI7FEX LR
B (B RBEGEIN) MNBPBEAE I NMERBKHX B RKARE (Scheme
3), Ll B A Ar R 4 F B ® M. H 8T RAB R ERER T LIS (Fig. 4
K22, HBEMREIMEREE. MUGHEXRAEEHHE, ZE AR FERFE
RS R E R S R RIE B W, 1524 recc (all cis)W B, MEHHCEREHIE
F R I cis-trans-trans) ¥,

I 0
HO OH H30_O_ S—O—Cﬂs
TsCl Ry E\O ‘:’/‘Il3
Y N(CH,CHy)y/THF o
R

Cl: R=Ph TSOC[Z R=Ph
Czi R=C6H4OH TSOCzZ R=C6H40802C6H4CH3
C4: R=CH, TsOC,: R=CH;,

Scheme 3

Figure 4. .44 TsOC, [ % 1545 U 1 &
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Figure 5. L& TsOC, B SR (L &

£ 22 B TsOC, 71 Z,LB (1 R 1E %R

TsOC, Z,LB

Empmca[ formuia Co |H33C1902483 Cn Hgq Clg Oy
Formula weight 2136.10 1405.09
Temperature(K) 273(2) 273K
Wavelength(A) 0.71073 0.71073A
Crystal system, space Triclinic, P-1 Monoclinic, P2(1)n
group
Unit cell dimensions a=14.8222(18)A,a=5.916(2)° a=9.9597(14)A, @=90°

5=15.1684(19)4,5-105.509(2)° b= 15.151(2) A, = 99.471(2)°

c=24.515(3)A,= 108.823(2)° c=24.2953) A, y=90°
Volume(A%) 4917.4(10) 3616.3(9)
Z ,Calculated density 2, 1443 2, 1290 gem®
(grem)
Absorption 0.498 0.365 mm™
coefficient(mm™)
F(000) 2204 1472
Crystal size(mm) 0.30x 0.30 x 0.20 0.30x0.30x0.20
@ range for data 2.04t025.00 2.17 10 25.00
coilection
h, k, I ranges -17t012, -18 to 17, -29 to 29 -H1<h<l1, -18<k<17, -28<I<15
Reflections collected / 25593 / 17014 [R(int) = 0.0349] 18473 / 6357 [R{int) = 0.0417]
unique

Completeness to theta =

98.1%

99.8%
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27.50

Absorption correction None Semi-empirical from equivalents
Refinement method Fuil-matrix least-squares on Full-matrix least-squares on
Data / restraints / 1701479 /1202 6357/17/425
parameters

Goodness-of-fit on F° 1.049 1.280

Final R indices [I>20 R=0.1008,wR,=0.2882 R;=0.1165, wR; = 0.3581
o

R indices (all data) Ry=0.1628,wR,=0.3458 R,;=0.1861, wR,=0.3974
Largest diff. peak and 1.084 and -0.855 0.728 and -1.027
hole(e-A™)

224 RTRAXZBR SR IRERTEDSHER AR ERHITIE

U REIEATEERERTEDAXRNRERRAT AN T %S R 2
) (Scheme 4), FEIZAET, KRPEFMA KL FIHEMENR T HH 1-R-3-
RARSHTRERREENRNRERZ K, TREFEREOIZ—HEIRE
KR, MR EIRNER .

HO OH CICH,CH;CH;0 OCH>CH,CH,Cl
BrCH,CH,CH,CI .
A K,CO;, acetone, reflux, 6d A

Ci: R=Ph Z,LB: R=Ph
Cy R=CsH,OH Z5LB: R=OCHCH,CH,Cl
Cy R=Fe ZsL.B: R=F¢
: R= Z4LB: R=CH
Cy: R=CH Nal 4l 3
ICH;CH,CH0 OCH,CH,CH

jj@%}

Z,DB: R=Ph

Z,DB; R=0CH,CH,CH,I

2,D8: R=F¢

Z4DB: R=CHj

Scheme 4

Bsh, AP RIREMRENRESR, RNF 1-8-3-R R0 B N2F
FRBAY 100 fFU L. FIEANERERTEYSREEN (B, ZBNE R
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BFH ARERM, BHERN Nal t:H, B3 TEEESNREER>Y, T
M Z BT B TR AR N s R,

WEH Z,LB W BEREHER, T rat (cis-trans-trans) ¥IE (Fig. 6 AF
22) .« HARGHHLEY 2, E2HRA.

Figure 6. .54 Z,LB B E4EHE

225 XFEE_BHSRERRNERTEDE AR A AL TS

X SRR RERNEY AN BRI ED S SR N &4 kA
2, ERFRAOBRREMEIANBE+ZNENE (Scheme 5), XL AY
(4L S0 Yt P 7E 2250cm™ 246 84 B C=N IR, °C 7EM%4% 152.0ppm ZE 47 1
W, XEFRPFECEAZRSEH,



32 B FFMERAIE L
HO NCCH,CH,CH;0. OCH,CH,;CH,CN
CICHCH,CHCN
KI/K,CO3, acetone, reflux, 6d A
Ci: R=Ph Z,LDQ: R=Ph
Cy R=C{HOH ZoLDQ: R=0CH:CH,CH,CN
Cy: R=F¢ Z.LDQ: R=Fe
C4 R=CHj Z,LDQ: R=CH,
Scheme 5
1.0 T
Hﬂ r
@ 0.8 -
[£]
[ =
£ | C=N M
E 064 -
[/}
[
o
= pad
0.2
] v 1 L L T

— T —
4000 3500 3600 2500 2000 1500 1000 500

Wavenumber /cm”

Figure 7. .44 Z,LDQ ML 5p it

&4 2,LDQ 1 Z,LDQ K @A 45 H = T Fig. 8 F Fig. 9 &38R T & 2-3,
Z,LDQ 2 T £ rctt (cis-trans-trans) W&, 2,LDQ 43T E rece (all cis)# !, Z,LDQ
SFHIMTERTLEY Z, T2EF.
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TR EFFEFT R

% 2-3 8% Z,LDQ F Z,LDQ [ S A %R

Z,LDQ Z;L.DQ
Empirical formula CaaH7 NgOg CioH10/CL3N0 2
Formula weight 1080.29 1781.35
Temperature(K) 273(2) 2046(2)
Wavelength(A) 0.710673 0.71073
Crystal system, space Triclinic, P-1 Triclinic, P-1
group

Unit cell dimensions

Volume(A®)

A Calculated
density(g-cm™)
Absorption
coefficient(mm™)
F(000)

Crystal size(mm)

Theta range for data
collection(®)

Limiting indices
Reflections collected /
unique

Completeness to theta =
27.50

Absorption correction
Refinement method
Data / restraints /
parameters
Goodness-of-fit on
Final R indices [[>2¢
(D)

R indices (all data)
Largest diff. peak and
hole(e-A™)

a=13.1227(15)A,a= 8.4410(10)°

b=158721(18)A, /= 88.077(2)°
e=16.4214(18)A, y= 85.100(2)°
3169.4(6)
© 02,1132

0.076
1150
0.30x0.20x0.15
2.0010 25.00

-15<h<14, -18<k<18, -19<I<17
16507/10989 [R(int) = (.01 74}

98.3 %
None
Full-matrix [east-squares on F*

10989/32/726

1.533
R;=0.1570, wR, = 0.4166

R;=0.2205, wR;= 0.4655
1.264 and -0.621

a=12.406(3)A,a= 16.837(4)°
b=15.671(3)A A= 107.09%(4)°
c=15.728(5)A, y=97.098(3)°
2487.3(11)
1,1.281

0.239
1014
0.25%0.20x0.10
202102521

~16<h<15, -20<k<19, -21<I<21
23355/12018 [R{int) = 0.1641]

84.5%
Nene
Fuli-matrix least-squares on F*

12018/0/596

0.738
R;=0.1009, wR, = 02545

Ry =10.3606, wR;= 03519
0.583 and -0.524

2.2.6 FRBENE_MAFTRTEYEAEEFETA
UTF=ZABARRREN 5}10°M WM& ZESERF ZBASRE ey

Zs. ZsL f1 Z;LDQ 75 CH,CL ', ATHEHIAE 0.0-1.0V (vs SCE), ARAE (v)

THERARE (CV) LARIER L MEHEER TR v Z R XA,
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1] (b)

174

R=0.9995

14xi0"
12019" 4
1m0
® tx10*
st
010"
2.0m10° 4

50
-2 owro®
4 Dx16* ]
4.0:10°
FY ML I

iMe-SA

Current (A)

A.oxt0"
A 2000*
A4xi0"
-1 8x10” o 7
-1 aio© 4 08 T v T T T
210" v g —

» on ) 04 02 Py . b mm K - o »

Potential ve. SCE (V) omvs™)

Figure 10. (a) Cyclic voltammetric curves at different scan rate 50-250 mV s (298K)

for the ferrocene units in Zs. (b) The relation of iy, with v'Z of Zs.

1 ®
eod R=0.9888
5.64
&0
< % s
] b
L
g -0
[&]
a5
a4
26 T T y . ,
8 o8 a8 04 02 oo o s mm ”? - " b
Potential vs. SCE (V) 2Hmy ¢

Figure 11. (a) Cyclic voltammetric curves at different scan rate 50-250 mV 5T (298K)

for the ferrocene units in Z;L. (b) The relation of i,, with V2 of ZsL.
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Gurrent (A}

T T ) T T
L] L] 10 12 4 "

Patantial ve. SCE(V} o imv 2"

Figure 12, (a) Cyclic voltammetric curves at different scan rate 50-250 mV 5™ (298K)
for the ferrocene units in ZsLDQ. (b) The relation of i,, with v' of Z;LDQ.

Fig. 10, Fig. 11 0 Fig. 12 B/R, BAIIHTE 0.0-1.0V (vs SCE)GEEH A, Tt
Bl—x AL EALE i, WA A BB P R BT B i XV
e, SRS i, HREEROT R v REFNEELRNES, BHEAEY
FETRR, RPX=FE TRRERE MR T RITEY L. L:L R Z:LDQ 7
BTt IL i e O T0 B A B AL E R AR BR . MBI BoR, HEE v e
BAL E, B2 R M, REFXLANRA2TEEARTHEE. @ Z; £did
RPEERERTREY, EFfEhSEE.
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F=ZE BEZBMMFTREERETENR S K

[ —BH R MBERT A Y o T R R B ALtk fE, B2 VA
FAFRANEET. A, BESTFERAFEACERATTMAE, HER
IRAF R T RS HEREHEEY. ANERE-BRTENBRLEYS
BAEET BAREHA, SRERIMAE L) REZEBRITERERL S
9, FEE X-WEAHEREPAE ML DN SR BT RLEFERE
KB TR EYHATERRE (CV) MAIE.

3.1 LRH
R
ST BRI A A AEA. FHRAEK K.CO THRIERE EER, BARK
BE, QOME, OB, N-FEEE X2 PRER W%, ETK, X
(CaCl, T8>, =ZJ (KOH T8>, TABULE, 95%LEE.
KA TLC BRERRr.
AL (R L)

3.1.1 MUIAEZHBFRES o- A LB EREEAL RN
ILLL o RZBREMN AR

7£ 100 mL R R A Z Z AR N-F E KA (0. Immol), = Z,%(0.12 mmol)
IR, KBAHEO0C, SRMEZER (0.1mmol), FNFEEHEKAE,
ERBH Sh, KNSR, MAKREER, SEHANE, CaCLTREREER
EER, NN-ZZE-o-F 2B G A RE R BB ERBT . oo F LB
WmERE, ERAIHEBEEK,
3121 4,6,10,12, 16, 18,22, 24- \(NN-—Z. -E FREEFEE)-2, 8, 14,20-1U
FEM[4)E BT (Z,L) BAR
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7 250mL BERHETMA 2, 8, 14, 20-[UKEAR[4)E%E 854 C; (Immol,
0.792g), K,CO; (100mmol, 13.8g), KI €0.5g), N7 T hu#hE# 0.5h DA L,
BRMEZE_2Z (12mmol, 0.876g), BHEFIRRN 6d. KNERMEFRNK
RHE, WERETNS, BREEEERZTHOBRABRY, M S%ZHGE
giln, WHERBRAGHEG H-GLTKIMEESTRATG, HaEEE.
FEEK: 422%, mp: 220-221°C. IR (KBr) [cm): v=3482(m), 2975(m), 1645(vs),
1500(m), 1460(m), 1290(m), 1195(m), 1098(m), 1040(m), 931(w), 798(w), 702(w).'H
NMR (CDCls) [ppm]: §6.31-6.90(m, 28H, Ar-H), 5.81(s, 4H, Ar-CH), 4.34-4.46(m,
16H, OCH;), 2.83-3.32(m, 32H, N-CH,), 0.82-1.09(m, 48H, CHj).
CiooH12sN3016(1698.16): caled C 70.73, H 7.60,N 6.60; found C 70.36, H 7.32, N 6.55.

3122 4,6,10,12,16, 18,22, 24- \(NN- “ZET PR E FE£)-2, 8, 14,20-19
[P-(NN-ZZE-EFBETER)FERMAIEE_BFE (L) HER

EREEE L, =YAhBAERE. £ 60.0%, mp: 125-126'C. IR (KBr) [em™:
v=3440(m), 2972(m), 1644(vs), 1508(m), 1381(m), 1300(m), 1194(m), 1099(m),
798(w). '"H NMR (DMSO-dg) [ppm]: 5=6.28-6.58(m, 24H, Ar-H), 5.66(s, 4H, Ar-CH),
4.61(s, 8H, OCH,), 4.40-4.47(m, 16H, OCH,), 2.98-3.26(m, 48H, N-CH,), 0.84-1.14(m,
72H, CHj). Ci24H17N15024(2214.80): caled C 67.25, H 7.83, N 7.59; found C 66.98, H
7.78,N 7.45.

3.1.2.3 4,6,10,12,16, 18,22, 24-\(NN-ZZ.&- 8 F B E H G #)-2, 8, 14, 20-1U
THRKERMEE_R TR (Z:Ly) BEHR

ERPRE E, FERARGE®K. 7 2: 35.0%, mp: 208°C(decomp.). IR (KBr)
[em™]: v=3425(w), 2972(m), 1654(vs), 1497(s), 1265(m), 1145(m), 873(w), 493(w).'H
NMR (DMSO-dy)[ppm): 5=6.45(s, 8H, ArH), 5.62(s, 4H, ArCHAr), 4.92(s, 16H,
OCH3), 4.07(s, 8H, CsHy), 3.95(s, 20H, Cp), 3.81(s, 8H, CsHy), 1.30(m, 32H, CHy),
1.15-1.06(m, 48H, CH;).
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3.1.3.1 4,6,10,12,16, 18,22, 24- \(NN-FEFXE-EFH LB LEHE)-2, 8, 14, 20-
PR (AVE E _BI5R (ZiLe) KR

7E 250mL EIEMETION 2, 8, 14, 20-TUREF (4B K =B 542 € (1mmol,
0.792g), K;CO; (100mmol, 13.8g) , KI (0.5g), NofR# T in#E# 0.5 h Bl L,
EMANN-BEXEEF 2B (12mmol, 2.202g), BHLLER RN 6d. KNMEH
RREBEAHE, HERELIS, EREEEKZTHORANRY, I 95%
LEBEESGE, hEAIREAH K, Rl KZEEERTREER, A
H&E K. 72:59.7%, mp:114-116"C. IR (KBr) [em']: v=3476(m), 3415(m),
2924(w), 1676(vs), 1616(w), 1594(m), 1495(vs), 1450(w), 1400(m), 1288(m), 1193(w),
1032(w), 999(w), 771(m), 700(m). '"H NMR (CDCL;) [ppm]): 5=7.22-7.31 (m, 32H,
Ar-H), 6.98(s, 8H, Ar-H), 6.76(s, 4H, Ar-H), 6.61(s, 8H, Ar-H), 6.24-6.35 (m, 16H,
Ar-H), 527(s, 4H, Ar-CH), 3.91-421(m, 16H, OCH,), 3.20-3.31(m, 24H, N-CH;).
Ci24H12Ng016 (1970.30): caled C 75.59, H 5.73, N 5.69; found C 75.25, H 5.62, N 5.55.

3132 4,6,10,12,16,18,22, 24-\(NN-BREFE-E FEt L FHHE)-2, 8, 14, 20-
PU[p-(NN-FEEE-EFREFEE)REINBIAE_MITR (L) HERK

SRS BE L, A A aE g TR/ BRI AL Bk 2% 73.7%,
mp:106-108°C. IR (KBr) [em}: v=3475(m), 3059(w), 2925(w), 1677(vs), 1593(s),
1496(vs), 1442(m), 1393(m), 1289(m), 1179(w), 1105(w), 1033(W), 924(w), 772(m),
701(s), 558(m). '"H NMR (CDCl3) [ppm]: §=7.36-7.45(m, 24H, Ar-H), 7.13-7.19(m,
28H, Ar-H), 6.98(s, 8H, Ar-H), 6.10-6.21(m, 24H, Ar-H), 5.29(s, 4H, Ar-CH), 4.26(s,
8H, OCH}), 3.98-4.08(m, 16H, OCH>), 3.19-3.34(m, 36H, N-CHs). *C NMR (CDCl;)
[ppm]: 6=22.66, 31.59, 31.94, 37.42(CH;), 66.07, 68.39, 68.49, 68.54(CH), 113.58,
126.88, 127.66, 127.13, 127.47, 127.88, 129.22, 129.65, 129.73, 129.99, 142.33,
142.64(aryl C), 154.39, 154.43, 155.61(CHy), 167.79, 167.99, 168.03, 168.06(C=0).
CieoH148N12024(2623.00): calcd C 73.27, H 5.69, N 6.41; found C 73.01, H 5.52, N
6.50.
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3.2.1 HAEE BB RER IR ZEES R RN
3211 4,6,10,12,16,18,22,24-\(N- T BE ZBEH)-2, 8, 14, 20-Ji(p- N-F &
FLHARREW[4) X B FIE (Z,ZDA) HIEHK

7 S0mL BN 2, 8, 14,20-10 (p-BREER) HUIRE B EHEELE
Y1 Z; (0.2mmol, 0.378g) Fid &Y 7 ¥ (40%, 10mL) BIET BZ(3mL), 20mL
TR ZEENER, DAER 48 he AHRERFEEEREZEN, WA 3mL EK
CEAOBRRANK, KEZEERRZSZNEBMHE 5. 7%:650%, mp:
>250°C, IR (KBr) [em™'}: v=3402(s), 2958(s), 2932(s), 2871(m), 1686(vs), 1610(w),
1584(w), 1537(m), 1507(m), 1440(m), 1406(w), 1302(m), 1247(m), 1199(m), 1103(m),
1056(m), 937(w), 860(w), 831(w). "H NMR (CDCL) [ppm]: 5=6.72(s, 4H, NH), 6.62(s,
8H, NH), 6.05-6.53(m, 24H, ArH), 5.71-5.76(s, 4H, ArCHAr), 4.35-4.40(m, 16H,
OCHy), 4.23(s, 8H, OCHy), 3.37(s, 8H, NCH,), 3.08-3.21(d, 8H, NCH,), 2.93(s, 8H,
NCHy), 1.57(s, 8H, CHy), 1.37(s, 8H, CHy), 1.18-1.29(m, 32H, CHy), 0.95(s, 12H, CH3),
0.82-0.85(m, 24H, CH;). *C NMR (CDCL) [ppm]: §=13.65, 13.69(CH3), 20.94, 20.00,
20.08, 31.61, 31.94, 38.81, 38.98, 42.45(CH,), 67.72, 67.88(CH), 114.85, 125.08,
125.59, 129.53, 129.61, 134.14(ary C), 153.50, 153.96, 156.28(CH,), 166.42, 166.71,
167.23(C=0).

3.212 4,6, 10, 12, 16, 18, 22, 24-\(N-REE ZBEE)-2, 8, 14, 20-F K
MR B FR (Z:JA) BEH

SR SBRAE L, Y RARK. FF%: 52.0%, mp: 176-178C. IR (KBr) [em™]:
v=3419(s), 2356(w), 2322(w), 1664(vs), 1499(m), 1442(w), 1408(w), 1386(w),
1287(m), 1189(m), 1102(m), 1045(m), 812(w), 672(m). 'H NMR (DMSO-d) [ppm]:
8=7.63(br, 8H, NH), 6.24(s, 8H, ArH), 5.60(s, 4H, ArCHAr), 4.53(s, 16H, OCH,),
4.05(s, 8H, CsH), 3.98(s, 8H, CsHy), 3.84-3.87(s, 20H, Cp), 2.69(s, 24H, CH3). °C
NMR (DMSO-ds) [ppm}: 8=25.91(CH;), 35.12 (CH), 67.75, 68.42, 6861,
68.82(ferrocenyl C), 91.69(ferrocenyl C, ipsa), 126.97, 129.51(aryl C), 153.42(CH,),
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168.78(C=0).

3213 4,6, 10, 12, 16, 18, 22, 24-\(N- T EH ZBEE)-2, 8, 14, 20-[Y 7Rk E
MMEME_MFE (Z,ZDA) HIE

S SBE L, Y hEGE K. 75%:55.0%, mp: 180-182°C. IR (KBr) [em']:
0=3407(m), 2957(m), 2931(m), 1668(vs), 1539%(m), 1499(m), 1440(w), 1289(m),
1190(m), 1104(m), 1055(w), 805(w), 493(w). 'H NMR (CDCls) [ppm]: 8=7.08(br, SH,
NH), 6.20(s, 8H, ArH), 5.37(s, 4H, ArCHATr), 4.55(s, 16H, OCHy), 4.12(s, 8H, CsHy),
3.79(s, 8H, CsHs), 3.92(s, 20H, Cp), 3.28(s, 16H, CHy), 1.55(s, 16H, CH,), 1.3%(s, 16H,
CHa), 0.95(s, 24H, CH;). ®C NMR (CDCl;) [ppm]: 5=13.69(CHs), 20.09, 31.59,
36.20(CH;), 38.97, 39.05 (CH), 68.15, 68.45, 68.55(ferrocenyl C), 89.71(ferrocenyl C,
ipso), 129.92(aryl C), 153.49, 153.73(CHy), 167.87(C=0).

32 &Rt

FHRERATEYRRT SR SRE M FARTRERMS THERAT, B
ZNAFLFRNER, B—RRANENS PR RITESEE BT
BRAEAGEFS, RAMHARBESRERT —RIIMBLTED.

3.2.1 FE—

KRB 50 % M 5 RE K.COyKYRE P HEEHEAMBK (Scheme
D, FRAE, RNHKEELERYENETRRTEEY, RNERETR,
KA E BB (—ALER). FHNSERALER S, i AERER
RZ B EA ERERRB A SRR 0, #-PRACATIRESGRH—K
RAET,
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H;

HiC
>Ncocmo OCHgCON/ (CH;CH.NCOCH,0 LCON{CH,CHs)

Z)Ly R=H Cy: R=Ph ZyLy: R=H

Cy: R=Cqi,OH Z1Ly: R=CgHOCHCON(CH.CH3);
Lly R’CGH‘OCHZ‘:O( Cy: R=Fc Z,L,: R=Fc

Scheme 1

L& BB — REIBBAT EMA S P FE 1680em™ 2075 L &H TR (M B R
BE C=0 Wk iig, B XA EYRENET, NOE/RGESENT
BIT LLWEELH Rtk. HRESHERT Fig. 1, RESENTER 1 .
AR R rett (cis-trans-trans) H38L, s FSrEDME 12 MFE, I EHEHLE
8 MR, &4THA 20 MR,

Figure 1. {L&4Y) 2oL, KR PKLE 4

322 HEZ®:
KR BV SRR ERAT D S e e lr Bk E BB BE L. (Scheme 2). RNIFE
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TAKZEPHAT, WRE AR T RBRTENENABAL T IR TEKLE,
Bz RN AR AR RN . EREE RN HET, AROBRETEMETIKLE,
Bk, BREBEBRBENBHNFRARNE R, ERERN, BRERERHR
Y3, ALK ZEERH B A, SETE.

C:HsOCOCH,0 OCH,COOC,H; R°HNCOCH,0 OCH,CONHR'
m CH;NH, or
4 - 4

R CH,CH,CH,CH,NH,

L R=CgH4OCHXOOCH ;s Z:JA: R=CgH4sOCHyCONHR', R'=CHjy
Zy: R=Fc . ZZDA; R=CeHOCH,CONHR', R'=(CH;1CH;
. - ' Z3JA: R=Fc,R'=CHj
Z;ZDA: R=Fc, R‘={CH2)3CH3

Scheme 2
HFREIGE R EEREERS, FHNBRER SR RMNAE B .
SRFHYRAFEREZ RN, HBREGHTEE=Y. RETEE_BHFR
REERT AT H § R 12 MEEESGHRN, FURNNEENER—® (—KK
F 48h). FRMATES, WAL F A 17500m™ oA H BRI BB

Figure 2. 1L &4 Z:JA B R ALHE
WERATHMBER, HATEPRRE—REX, A PRRAH kR,
—HRHREEE NSRRI &, ARMEREAERBETOR
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goih, MARZEEKREZA Y, REHENHENHZEEREENBREN
B8, FryiReWER T, KRR LA LBAFINTR. DREEY
R REE AT H RiK. Z:JA MR RARE LR EREN . RIBEHETR,
ZoJA PN ZFRKEE S FTRINFHS], 2F A rece (all cis)ig R

F 31 LB L, M ZJA H R 650E

L, ZJA
Empirical formula CisoH 148N 12024 CoHoFesNgO14
Formula weight 2623.00 1793.21
Crystal system, space group Triclinic, P-1 Monoclinic, P21/c
Unit cell dimensions
ad 12.889(2) 12.968(5)
b(h) 17.531(3) 24.154(10)
cd) 18.759(3) 33.495(12)
F©® 77.895(3) 98.201(7)
Volume (%) 3877.2(10) 10384(7)
Z, Calculated density (g cm™) 2, 1287 4,1.152
Absorption coefficient (mm™) 0.189 0.607
F000) 1580 3776
Crystal size (mm) 0.20x0.20x0.10 0.20x0.20%0.10
6 Range for data collection (%) 2.20t0 25.00 1.97 t0 25.00
Limiting indices -15<h<13,-20<k<20, -22<5<19  -8<h<15,-28<k<28, -39</<27
Reflections collected/unique 20383/13469 [Ryy = 0.0735] 42371/17361 [Rye = 0.2165]
Completeness (%e) 98.5 94.9
Refinement method Full-matrix least-squares on /> Full-matrix least-squares on F
Data/restraints/parameters 13469 /0/961 17361 /54 /491
Goodness-of-fit on F* 0.887 1.156
Final R indices [I> 2¢l] R;=0.0993, wR,=0.2388 R;=0.1997, wR, = 0.4666
R indices (all data) R;=0.2555, wRy=0.3130 R;=10.3996, wRy= 05280

Largest difference peak and
hole (e A™)

0.815 and -0.525

1.688 and -0.599
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3.22 & RGE MR B E R B RATE Y AL R

FRBERNE BN T RBEATEYD L, Z:JA F Z,ZDA EARFE
(V) FHRBHRLZE (CV) PLRERT i, MEBERNF AR vV 2 AR RS
HI7%F Fig. 3. Fig. 4 K Fig. 5. TRRIEBIATEMIREH 5x10*M [ CH.CL,
BRI HI7E 0.0-1.0V (vs SCE), RARFE (v) FETH.

% 3250mV s’ F ZsLy, Z:3A F1 Z,ZDA S{h2 %1

Entry
Fe-e—Fc < .
FeH 0.548 0.441 0.107 0.494
71, 0.520 0.303 0217 0412
Z;JA 0.482 0.378 0.104 0.430
Z;ZDA 0.513 0.368 0.145 0.441

HEY LU, TR P g, anEERe RS, Ehi
i FAHIH B PR V2 RRER X R, EWERERE YRR,

7om10% ] (a)
s 010"
soxt0*
Aox10*
a0x10" o
20n10*
10x10°% |

LLE
EEATAE
2 tx10°
A10°

amo* 3l

PR Ve T N
aoagt LT T —— -~
7ox10% “\/
A 0x10*
Song*

Current (A}

19 o8 o8 P 02 I}
Potantial ve SCE (V]

Figure 3. (a) Cyclic voltammetric curves at different scan rate 50-300 mV s™' (298K)

for the ferrocene units in Z5L;.



BE: [ME_MATRIENEDN S KA HRA 47

45’
a4purg”
2smi0” 4
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$.0010* ]
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40:16°
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Figure 4. (a) Cyclic voltammetric curves at different scan rate 50-300 mV s (298K)

for the ferrocene units in ZsJA. (b) The relation of i,, with v/ of ZJA.
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Figure 5. (a) Cyclic voltammetric curves at different scan rate 50-300 mV s (298K)

for the ferrocene units in ZsZDA. (b) The relation of i,, with v'* of Z;ZDA.

Fig. 4 ® Fig. 5 £7", BAIIHALE 0.0-1.0V (vs SCEYLE W, BEEHE v Y
m, VEdty E, B RA N, REXFEARLELSRARELRE, doh, B,
st VA, BRI i, REHERN TR V2 RFHOEEXRNEL, £
Z3JA F1 L,ZDA TEFTHF R s A i B A i AL 2 i B i s ).
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BME [GE BT IE Schiff ATEYRIS K

Schiff AL SYERSYARTRBEFHTAE. By, ERE TS
Bk EBIN C=N X[, |2 HF M2 Schiff BRATEWHRRIBHED.
BT NBETFHSIATURREE S8 S, FH3IAN EFHHTRITEDNEAL
HERAEEREE L. AZXPRIART —RIFmER EEENRE ZBF
FRERBHEY. BNBERENEERKWECHE, E&RAEFIRBMEAL
AT ZHNA.

1.1 [EFE B S EBERAEGTENE
4.1 SLIESY

k287

B B R AR . WEATK KCO; FRIUARL L&, BARK
BE, K& (80%), KER, —REFE (A%, KGR, 2-MmEFE, 3-
meve 8, 4-itnEFEE, TAKLE.

RS HERE A TLC BRERE A
4.1.1 [AZEZBFTRBEMATEDN S K

7E SOmL [FREMEP b [E 2 Z ByAR (4175 12 A BKBR AT 4 40(0. Smmol) 1K &
(8mL, 80%), [FHH 10h. BHIEHE, ZEHKERTMH.

ey 2,3 AEESE, F2E: 92.0%, mp: >250°C. IR (KBr) [em™]: v=3397(s),
1683(vs), 1612(s), 1503(vs), 1438(m), 1407(m), 1299(s), 1199(s), 1161(m), 1106(s),
1061(s), 930(m), 709(m).

ey 2,0 BaEE, =%: 85.0%, mp: >250°C. IR (KBr) [em™]: v=3401(s),
1680(s), 1611(s), 1508(vs), 1438(m), 1405(m), 1296(s), 1160(m), 1103(m), 1106(s),
1030(m), 927(w), 827(w).
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WA 2.0 HEEE, 722758 %, mp: 198°C. IR (KBr) [em™]: v=2405(s),
1672(vs), 1500(vs), 1197(s), 1060(ms), 1145(ms), 873(w).

WA 2J: BB, P2E: 81.0%, mp: >250°C. IR (KBr) [cm™]: v=3428(m),
1696(vs), 1616(m), 1498(s), 1435(w), 1406(w), 1299(m), 1242(w), 1208(w), 1187(m),
1131(m), 1109(m), 1060(w), 899(w), 834(w).

4.12 XS REBETEDR SR
4.1.2.1 & ZRBEBERT RS R

7E SomL (MREHENET, 402K Z B 75 B BT £ (0. immol ¥ T SmL #K
BRY, BoRGER (UB) 2B ZR%EET 10mL TKZEF, HAL
RERERD. FEKSE, ToHEATEETL, SEHH oh, ®IE, TKZ
Bk BRI, BN E =Y.

WA Z,JE(R=CeHs, R'=H): #EHEHE &, ™% 89.7%, mp:>250C. IR (KBr)
[em!]: v=3403 (m), 1686(vs), 1609(s), 1496(s), 1439(w), 1279(m), 1189(m), 1105(m),
821(m), 701(m). "H NMR (DMSO-ds) [ppm]: 5=8.10 (s, 8H, NH), 7.01 (s, 8H, CH=N),
5.97-6.34(m, 28H, ArH), 5.75(s, 4H, ArCHAr, CH), 4.55-4.63 (m, 16H, CH,), 4.41-4.22
(m, 32H, CsHy), 4.15(s, 40H, Cp). Anal Calcd for Cys6HizFesN1s016: C, 63.78; H, 4.67,
N, 7.63; found: C, 64.25; H, 4.79; N, 7.21.

WS W Z,JE.(R=CsHOCH,CONHN=CHFc, R’=H): & EREE, FFE: 62.9%,
mp:>250°C. IR (KBr) [cm™]: v=3401 (m), 1681 (vs), 1609 (5), 1507(s), 1440 (w), 1253
(m), 1189 (m), 1105 (m), 824 (m). 'H NMR (DMSO-ds) [ppm]: 6=8.10 (s, 12H, NH),
6.97(s, 12H, CH=N), 5.96-6.30(m, 24H, ArH), 5.75(s, 4H, ArCHAr, CH), 4.79-4.82(m,
24H, CH,), 4.30-440(m, 48H, CsHs), 4.17(s, 60H, Cp). Anal Caled for
CaosHisaFe1aN24O0s: C, 61.32; H, 4.55; N, 8.25; found: C, 61.27; H, 5.07; N, 8.57.

WA Z,JE. (R=Fc, R’=H); A EEM, P=%: 79.0%, mp: 209°C (decomp.).
IR (KBr) [cm™]: v=3441(s), 2918(vs), 2549(s), 1884(vs), 1618(m), 1487(m), 1282(m),
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1105(s), 1022(w), 818(w), 785(m). 'H NMR (DMSO-ds) [ppm]: §=7.97(s, 8H, NH),
6.73(s, 8H, CH=N), 6.54-6.60(s, 8H, ArH), 5.83(s, 4H, ArCHAr, CH), 4.54-4.62(m,
16H, CH,), 4.17-4.37(m, 108H, CsH,). Anal Calcd for Cy7,His2Fe12NigOns: C, 61.31; H,
4.54; N, 6.65; found: C, 60.78; H, 4.83: N, 6.22.
L EYLIYXE. (R=CeHs, R'=CH,). FH Bk, =%: 88.0%, mp:>250TC.

IR (KBr) [em™): v=3403(m), 1681(vs), 1610(s), 1499(s), 1438(w), 1298(m), 1196(m),
1104(m), 929(w), 703(w). '"H NMR (DMSO—ds) [ppm]: 5=8.39(s, 8H , NH), 6.74-7.04
(m, 28H, ArH), 6.44(s, 8H, CH=N), 5.85(s, 4H, ArCHAr, CH), 4.63-4.67(d, 16H, CH,),
4.31-4.44(m, 32H, CsHy), 4.23(s, 40H, Cp), 1.97-2.14(m, 24H, CH;3).

4.1.2.2 Mt EBEATEDN G

7 S0mL RSO, W12 By 5 BT A H(0. Immol)#E T SmL 2K
BEER, 5 2-MiE % (0.8or 1.2 mmol) BT 10mL TAKZES, BMALE
REBEET. RN TOMEAHEEETE, SRR oh, Wik, TKZE
Wik, AL ESBBAFNEETY.

WEHZ,IB. (R =H). =2 91.2%, mp: 201-202°C . IR (KBr) {cm™]: v=3026(w),
1699(vs), 1610(m), 1589(m), 1495(s), 1414(w), 1271(m), 1188(m), 1104(m), 704(m).
'H NMR (DMSO—dq) [ppm]: 5=8.55(s, 8H, NH), 8.45(s, 8H, CH), 8.15(s, 8H, CH),
7.95(s, 8H, CH), 7.74(s, 8H, CH), 6.73-7.00(m, 28H, ArH), 6.39(s, 8H, CH=N), 5.88(s,
4H, ArCHAr, CH), 4.79(s, 16H, CHy).

W& HZ,JB. (R=0CH,CONHN=CHPy). =#: 93.0%, mp: 198-199°C. IR (KBr)
fem™']: v=3055(w), 1699(vs), 1608(m), 1584(m), 1507(s), 1467(w), 1236(m), 1183(m),
1104(m), 778(m). "H NMR (DMSO-d;) [ppm]: 5<8.55(s, 12H , NH), 8.47(s, 12H, CH),
8.12(s, 12H, CH), 7.84(s, 12H, CH), 7.76(s, 12H, CH), 6.47-6.64(m, 24H, ArH), 6.37(m,
12H, CH=N), 5.86(s, 4H, ArCHAT, CH), 4.98(s, 8H, CH,), 4.86(s, 16H, CHy).

4.1.2.3 MMZLIAATA P& R
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7E SOmL AR EREEHE R, MG B AR 5 B AT 4 40(0. 1mmol), Z.BX AR
(S8, WREMHR (AR A SmL WEAWKE, FEERETHERMNEN,

Li% 130W (AR AL Smin. JEEERET, W2ml KOGBME, S, mERPN
ZEENTHE, W, ZBUk, B4iEnEE=Y.

EWLIY. BEEE, PR 40.0% mp: 143-145C. IR (KBr) [em’]:
v=3477(w), 3414(w), 1747(vs), 1614(w), 1585(m), 1495(m), 1438(m), 1401(s),
1328(m), 1298(m), 1161(m), 1155(m), 960(s), 807(m). 'H NMR (CDCL;) [ppm]: &=
6.98(s, 8H, ArH), 6.88(s, 4H, ArH), 6.79(s, 8H, ArH), 6.40-6.54(m, 8H, ArH), 6.16(s,
4H, CH), 5.84-5.88(m, 8H, CH), 5.11-5.36(m, 16H, OCH,), 2.43(s, 24H, CH,),
2.09-2.18(m, 24H, CH;). C NMR (CDCly) [ppm]: 5=13.5, 13.8, 69.5, 110.6, 125.2,
126.7, 128.3, 129.0, 129.1, 129.2, 132.4, 142.3, 144.0, 144.1, 152.1, 152.3, 154.7, 154.9,
168.4. Anal. caled. CiosHi0aN16O16: C 68.92, H 5.57, N 11.90; found C 68.55, H 5.83, N
12.28.

WEWZJIY. HEEE, FFE: 350%, mp: 188-189°C. IR (KBr) [em]; v=
3441(w), 3133(w), 2956(m), 1746(s), 1629(s), 1496(m), 1400 (vs), 1328(s), 1255(m),
1151(m), 1106(m), 962(s), 803(m). "H NMR (CDCl;) [ppm}: 5= 6.82 (s, 8H, ArH), 6.38
(s, 4H, CH), 5.73-5.83(m, 8H, CH), 5.24(s, 16H, OCH,), 4.01-4.23(m, 36H, Cp), 2.35 (s,
24H, CH3), 2.05(s, 24H, CH;). *C NMR (CDCl;) [ppm]: §=13.5, 13.8, 68.1, 68.3, 68.6,
68.7, 68.9, 69.0, 69.1, 69.2, 110.3, 144.0, 151.9, 168.4. Anal. caled. CipeHpoFesN ;0160
C 64.37, H 5.23, N 9.69; found C 64.58, H 5.65, N 9.41.

eIy, BEEE, =& 580%, mp:128-129C. R (KBr) [em™):
v=3421(w), 2965(w), 1746(vs), 1614(w), 1585(m), 1499(m), 1386(m), 1329(m),
1300(m), 1256(m), 1177(w), 1133(m), 961(s), 807(w). 'H NMR (CDCl;) [ppm]: 5=
6.47-6.54(m, 4H, ArH), 5.80-5.87(m, 4H, ArH), 5.28-5.43(m, 8H, CH), 4.81-4.91(m,
16H, OCHy), 3.70-3.73(m, 4H, CH), 2.34-2.48(m, 24H, CH;), 2.06-2.12(m, 24H, CH,),
1.16-1.59(m, 12H, CHa).
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42 ZR 51tk
4.2.1 X TEBERATED A RMiTie

BRFAT YR BB E N A VRS, BEBENEDTEE SR E
BAERAERH. ZXPU=FEE_BHFTEEBEIEEY, SRE—RFEZ
TR WL R AR B T B AT

CHsOCOCH0 OCH,COOCH; HNHNCOCH?0 OCHCONHNH,
LO\Q Al 4
4 -

ZI: R=C5H5 Z: R”Coﬂ_r,
Zz: R=CeHyOCH,COOCHs Zy): R=CgH,0CH,CONHNH,
Iy R=Fc Z3): ReFe
Z¢ R=CH; Zgh: R=CH,
CHO FcCHO/FcCOCH;
acetic acid

N, Fe— (Il= NHNCOCHO OCH,CONHN= (I:-— Fe

E}j-cu.nnucocmo: : ocnzcom=cuU x pij%:) Y
4

Z,JB: R=Cglls ZyJE: R=Ceis, R'=H

ZoJB: R=CGH 0CH2CONHN‘CHC5H‘N Z;JE: R=C5H40CH2CONHN"CHF€, R'=H
ZyJE: R=Fc¢,R'=H
ZJYXE: R=CgHs, R'=CH

Scheme 1

LR —EHEBARIMEE RN T EMETED A RS, SKEHELE
HElf, BEBMATEY. HENERSEW, BB -R5REEIBREEH
B BRBARBNBEERERNT, FUKEHOHBILTERE. B
RIX LB A D E—BE R AP ERIERE, REENE N EER N
RIRKWAE. ENEKBERTREBRTOEF. SHBOARD, 2EE 5K
HEFHEATY, REMEL OB, WIEI8 4% M= (Scheme
D. FHXHERTTE, EHEZBRTE L%, TN ETESIATHhHEE
I 7R B T,

WP ZRERAE A L 2 R—A BB RANT . BHHMEL AT Ll - Kk
YR P RFER AT £t RE (Scheme 2). HFEUHATEDIIBENR
Z, Brbl b R A — R i 00 RN F B R KRR (4-5d). {EAERE KN



Bi IMRFER AR

#P, RN AAGEE (Smin), HENRERLE (SmLAH). 408
B, BEBHIC=ORMIEFE 1675em™ oAy, AR MAIRIS, C=OWRIIE [ B sk Mk
B IRTE 1745em™ £ 4 .

Z3J :R=F¢
Z.): R=CH,

Scheme 2
4.2.2 B TIRBRERR BB AT Ak 2 R
MARE _RBHTEY S RS P BERBRRE TSR EH 44 B
TEYRX R, taRTERNE-MHTE LG, TENETE3IATHR
BN ZRGERIL, X EATEAT T MRIRAR R B b $ ph iyl 2 . LRI
TR 419,
% 4-1.50mV s’ F ZJE. Z,JE F Z,JE {f] 47 S

N Epa[V] Epc{VI AEPIVI E}/ZIV]

FcH 0.548 0.44] 0.107 0.494
Z,JE 0.655 0.354 0.301 0.505
Z,JE 0.628 0.382 0.246 0.505
Z3JE 0.585 0.352/0.324 — —

Fig 15 B&7R T LUENZIEM IR R k. FEEUTEFSEF R YT —34E
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R, XERPLJIEMZIED HBIR 2N IR EA LN ZHEHFE. Fib,
HTEEAE G, RBRAETERAMY, XURE LRFHABLELRAF
AL,

2.0010™
1.5x10™
10010

5.0x10° 4

Current{A)

0.0 4

-5.0010° ~

-1.0x10" 4

10 ' 0,'8 056 0'4 ' 0?2 . D.IU
Potential vs. SCE(V)

Figure 1. Cyclic voltammetric curves (5x10*M CH,Cl, solution, 0.1M
BuwNCIO4(TBAP), 298K; scan rate 50 mV s™") for the ferrocene units in Z,JE and
Z,JE.

@ F@— HC=NHNOCH,CO ocC 2CONHN=CH—© Fe@
4

Z,JE Fe

Q

WEMLIENEHM LR, 2T HHFERNR%kE, —MELETENHE
ETTRGA; RARRLGMIE REE. Bib L, B ORRERLNLE
HHENOARE, EEACREBPE=ERNEALLRE. BLRP, BRI
(HERR. HEAE) HRBATHNSER. FLE, AHERHIA— (Fig
2), AIRREREMTEEMAIFEEL ATAXETES, X-HENRRAEEE



56 T KT S

BRI KRS (DPV) B4R (Fig. 3) WAEM. {8760.352V F 0.324VHIHI B

P BRI R, BT CH-NER MR BT ER, LB/LMLET RES
A LA Ay 3-8 w22 ) B

4,0x10° 1
3.0010° 4
2.0x10%

1.0x10° 1

Current (A)

0.0 4

-1 Ox10*

2 0x10™ 4

1.0 ' 0.8 0.6 ' 074 ' 0.2 ' 0.0
Potential vs. SCE(V)

Figure 2. Cyclic voltammetric curves (5x10™*M CH,Cl, solution, 0.1M
BuNCIQ4(TBAP), 298K; scan rate 50 mV s™) for the ferrocene units in Z3JE.
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0.0

5 0510” A

1.0x10%

-1.5%10%

Current {A)

2.0x10°

2.5x10°

-3.0x10°

1.0 01,—3 ' 0?6 ' ol4 ' 072 0.0
Potential vs. SCE (V)

Figure 3. Differential Pulse Voltammetry of Z;JE; pulse amplitude: 50mV: pulse width:

50 ms; amplitude: 50 mV; scan rate: 0.004 V s1; other conditions as in Fig. 2.

1.2 [EFE_EFE 2 Schiff AN RIRAELTEMI A K

4.1 LXK
AT

FE BN TR FIEBRBRITEEN. TKLE, FE, I
KZEE, B, BEKHRSAEEEFR. 1,3 B2K, 1,6-028K, KB,
ZiE-p-—E (EED U 2nkeeEE, 3-MteeEE, 4-MNERE, ZBEREE. FREBA
Bl

KRR TLC BRERRY

4.1.1 [aE BN RS SR



58 Py AR 2241830

4.1.1.1 4,6,10,12, 16, 18, 22, 24-\Q-BHE-Z &-1-E FHEFEHE)-2, 8, 14, 20-
WEEM[4]RE_MmERE (IDND K&K

£ 100mL M E P IA 2, 8, 14, 20-T0F B [4] 6] X B 75 EHRATEY
Z, (1.480g, 1.0mmol), ©_fZ(10mL), Z& 20mL, 3 20mL, [Eli& 12h. TLC
RNERENK, WRNER, REAKELEN. IHNLCEERATR: OF
REMEBAKXERKT, MRRFaEERYTE, SREEHEZKESR 2-3 KK
Yok, BE—AEHESHRERRY: QREEYTMAKETE, B,
FHHRYAT L, WEBERFE R, £5 34 WEHRYEFELRKER .
FEE 40.0% .

4.1.12 4,6,10, 12,16, 18,22, 24-\Q-BR¥E-7. %-1-EF B EREH)-2, 8, 14, 20-
MUp-(6-B%-CE-1-HFHEFEE)FEM4)AE-MFE (IDN2) FIaK
SRLERE, FPAKREEME. £ 660%.

4.1.13 4,6,10, 12, 16, 18,22, 24-\Q-BE-Z%-1-BH M EFEE)-2, 8, 14, 20-
D03 AR (4] M52 (JDN;) K&
TRHBE L, PYhEBBEK, ™% 82.0%, mp>2507C.,

4.1.2 B R By R 5 J& Schiff SaATEMI S AL
4.12.1 4,6,10,12, 16, 18, 22, 24-\[2-tnE e B-C - 1-H FELEFEE]-2, 8,
14, 20-PUXEM[4] X Ky %J& (JDN,B-2) HI&A

7E 100mL B EEEM PN 2, 8, 14, 20-TUHFE (4] 18] 5 — By F B RBREITE
#) JDN; (0.408g, 0.2mmol), 2-AL%E FFEE (0.171g, 1.6mmol), Z & 20mL. [FIi 12h
&, SEBBENA, REEREIERE, ASWAMBESR 23 K, B%#A
BR= S, =% 54.5%, mp: 158-159°C. IR (KBr) [em]: v=3399(s), 3069(s),
2967(m), 1675(vs), 1586(m), 1537(m), 1500(m), 1437(m), 1298(m), 1197(m), 1160(w),
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1103(m), 1066(m), 993(w), 931 (w), 776(w), 703(m). 'H NMR (CDCL) [ppm]:
§=8.63(s, 8H, CH=N), 8.35(s, 8H, CsH:N), 7.96(s, 8H, CsHaN), 7.72(s, 8H, CsH,N),
7.32(s, 8H, CsH,N), 6.56-6.98(m,28H, ArH), 6.45(s, SH,NH), 5.80(s, 4H, ArCHAI),
4.36(s, 16H, OCHy), 3.61(s,16H, C=NCHy), 2.76-3.20(m,16H, NCH,), 1.17-1.30(m,
96H, CH,).

4.1.22 4,6, 10, 12, 16, 18, 22, 24-\[2-MtIE F e B W B - OB -1-E REBEE R E
#£)-2, 8, 14, 20-M0 {p-2-MIE WL BT REE-CO&- - EPREFEEIERE) 4]
A& _®75E (JDN,B-2) HIAHK

ERBBRE L, OhREARE. & 58.0%, mp: >250C. IR (KBr) [em™]:
v=3396(s), 2931(s), 2957(m), 1667(vs), 1542(w), 1504(m), 1438(w), 1240(w), 1196(w),
1102(m), 1056(m), 747(w). '"H NMR (CDCl;) {[ppm]: 5= 8.61(s, 12H, CH=N), 8.33(s,
12H, CsH4N), 7.96(s, 12H, CsHsN), 7.72(s, 12H, CsHyN), 7.30(s, 12H, CsHsN),
6.53-6.80(m, 24H, ArH), 6.40(s, 12H,NH), 5.76(s, 4H, ArCHAr), 4.35(s, 24H, OCHy),
3.60(s, 24H, C=NCH,), 2.88-3.31(m, 24H, NCHy,), 1.25-1.61(m, 96H, CH,).

4.12.3 4,6, 10, 12, 16, 18, 22, 24- \[3-MH0E W e 3t- O K- 1-E FBA B (-2, 8,
14, 20- VU EA[4]RHX — B #& (JDNB-3) ME&K

SRS EE L, YR EER K. FE: 45.0%, mp: 178-179C. IR (KBr) [em™']:
v=3400(s), 3026(s), 2955(m), 1678(vs), 1586(m), 1536(m), 1501(m), 1438(m), 1299(m),
1199(m), 1161(w), 1103(m), 1056(m), 934(w), 849(w), 706(m).'"H NMR (CDCL)
[ppm]: 5=8.87(s, 8H, CH=N), 8.62(s, 8H, CsHN), 8.30(s, 8H, CsH,N), 8.09(s, 8H,
CsHN), 7.36(s, 8H, CsHsN), 6.55-6.99(m, 28H, ArH), 6.42(s, 8H, NH), 5.78(s, 4H,
ArCHAr), 4.38(s, 16H, OCH,), 3.57(s, 16H, C=NCH,), 2.71-3.23(m, 16H, NCH,),
1.14-1.63(m, 64H, CH,).

4.1.2.4 4,6, 10, 12, 16, 18, 22, 24-\[3-Mbie T T - CE-1-EPREEFE
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#1-2, 8, 14, 20-00 {p-[3-ntkne W pe & W R J- O - 1-E FBE R UL 55 ) #F[4)
REZBFHE (JDN;B-3) &AL

ERTRE L, YA RAEE. F2%K: 48.0%, mp: 164-165C . IR (KBr) [em™']:
v=3396(s), 2931(s), 2857(m), 1667(vs), 1542(m), 1504(m), 1438(m), 1240(m), 1196(m),
1102(m), 1056(m), 747(w). "H NMR (CDCl5) [ppm]: 5=8.84(s, 12H, CH=N), 8.62 (s,
12H, CsHiN), 8.28(s, 12H, CsH,N), 8.07(s, 12H, CsH,N), 7.34(s, 12H, CsHiN),
6.60-6.99(m, 24H, ArH), 6.44(s, 12H, NH), 5.73(s, 4H, ArCHAY), 4.34(s, 24H, OCH,),
3.60(s, 24H, C=NCHy), 2.82-3.31(m, 24H, NCH,), 1.25-1.63(m, 96H, CH.).

4.1.3 AR #5115 AT & B

7E 100mL BB R AN 2, 8, 14, 20-TUA B [4]08]5 8 75 2 (9 BERkAT 4
#) JDN;, JDN,. JDN;E BDN; (0.2mmol), ZBiAWE. —)%ék-p- Mk FEL
A& (1.6 or 24mmol), ZEF 20mL. [ 12h 5, WuEEEERE, REEEE
LWEfE, RENICHES S 2-3 K, BRKEEESR.

HEYIDN;YXB. EHEHK, FFZ: 40.0%, mp: 134-135C. IR (KBr) [em™):
v=3397(s), 2931(m), 2857(m), 1676(vs), 1607(vs), 1599(vs), 1540(s), 1438(m), 1299(s),
1199(m), 1161(m), 1056(m), 934(w), 738 (m), 704(m). 'H NMR (CDCLy) [ppm]: &=
10.83(s, 8H, CH), 6.56-7.00(m, 28H, ArH), 6.20(s, 8H, CONH), 5.81(s, 4H, ArCHAY),
4.95(s, 8H, CH ), 4.39(s, 16H, OCH,), 3.19(s ,16H, C=NCH,), 2.59-2.97(m, 16H,
NCH,), 1.98(s, 24H, CHy), 1.88(s, 24H, CH3), 1.14-1.50(m, 64H, CH,).

W& HIDN,YXB. EEH K, 7=E: 41.0%, mp: 191-192°C. IR (KBr) [em’]: v=
3400(s), 2931(m), 2859(m), 1676(vs), 1606(vs), 1599(s), 1540(s), 1438(m), 1298(s),
1193(m), 1100(m), 1055(m), 737(m). 'H NMR (CDCls) [ppm]: 5=10.85(s, 12H, CH),
6.54-6.64(m, 24H, ArH), 6.16(s, 12H, CONH), 5.82(s, 4H, ArCHAr), 4.95(s, 12H,CH ),
4.41(s, 24H, OCHy), 3.21(s, 24H, C=NCHy), 2.60-2.87(m, 24H, NCH,), 1.97(s, 36H,
CH3), 1.92(s, 36H, CH3), 1.32-1.58(m, 96H, CH,).

W.&%) JDNEB. B EHE, & 46.0%, mp: 176-178°C. IR (KBr) [em™]:
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1=3399(s), 3069(s), 2967(m), 1675(vs), 1586(m), 1537(m), 1500(m), 1437(m), 1298(m),
1197(m), 1160(w), 1103(m), 1066 (m), 993(w), 931(w), 776(w), 703(m). '"H NMR
(CDCly) fppm): =10.71(s, 8H, NH), 6.79(m, 28H, ArH), 6.35(s, 8H,CONH), 5.62(s,
4H, ArCHAT), 5.06(s, 8H, CH), 4.47-4.50(m, 16H, OCHy), 4.21(s, 16H, CsHy), 4.14(s,
16H, CsH,), 3.95(s, 40H, Cp), 3.52(s, 16H, C=NCH,), 2.45-3.01(m, 16H, NCH;), 1.78(s,
24H, CHs), 0.94-1.33(m, 64H, CHy).

&Y JIDNEB. BOEHE, % 42.0%, mp: 154-156C. IR (KBr) [em™):
v=3398(s), 2931(m), 285%(m), 1667 (s), 1597(vs), 1538(s), 1443(m), 1297(m), 1104(m),
1056(w), 923(w), 809(w), 723(w). 'H NMR (CDCL) [ppm]: §=10.91(s, 12H, NH),
6.62(m, 24H, ArH), 6.18(s, 12H, CONH), 5.80(s, 4H, ArCHAr), 5.26(s, 12H, CH),
4.68-4.70(m, 24H, OCHy), 4.33(br, 48H, CsHi), 4.14(s, 60H, Cp), 3.20 (s, 24H,
C=NCH,), 2.85-3.01(m, 24H, NCH5), 1.98(s, 36H, CHy), 1.22-1.54(m, 96H, CH,).

4% JIDN,BIJXB. HEMK, =2%: 38.0%, mp: 172-173°C. IR (KBr) [em'}:
v=3401(s), 2032(m), 2857(m), 1679 (vs), 1599(vs), 1540(s), 1439(m), 1293(s), 1197(m),
1103(m), 1063(m), 1027(m), 932(w), 738(m), 705(m). 'H NMR (CDCl;) [ppm]: 8=
11.44(s, 8H, NH), 7.85(m, 16H, ArH), 7.39(m, 24H, ArH), 6.58-6.98(m, 28H, ArH),
6.35(s, 8H, CONH), 5.83(s, 4H, ArCHAr), 5.64(s, 8H, CH), 4.39(s, 16H, OCH,),
3.26(s ,16H, C=NCH,), 2.72-2.96(m, 16H, NCH,), 2.03(s, 24H, CH;), 1.13-1.54(m,
64H, CH,).

& ¥IDN,BIXB. HEMFK, FZ%: 35.0%, mp: 158-159°C. IR (KBr) [em™):
v=3397(s), 293 1(m), 2857(m), 1673 (vs), 1599(vs), 1541(s), 1439(m), 1293(s), 1197(m),
1102(m), 1063(m), 1027(m), 931 (w), 738(m). '"H NMR (CDCls) [ppm]: 5=11.42(s,
12H, NH), 7.82 (m, 24H, ArH), 7.37(m, 36H, ArH), 6.73-6.83(m, 24H, ArH), 6.43(s,
12H, CONH), 5.82(s, 4H, ArCHAY), 5.64(s, 12H, CH ), 4.39(s, 24H, OCH,), 3.26(s,
24H, C=NCH,), 2.85-3.10(m, 24H, NCHy), 2.02(s, 36H, CH,), 1.17-1.52(m, 96H, CH,).

{14 YBDN,BJXB. HEMF, =2: 45.0%, mp: 230-232°C. IR (KBr) [cm™]: v=
3400(s), 2935(m), 1680(vs), 1595(vs), 1538(s), 1441(m), 1293(s), 1192(m), 1100(m),
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1057(m), 928(w), 748(m), 703(m). "H NMR (CDCl;) [ppm]: §=11.36(s, 8H, NH), 7.85
(m, 16H, ArH), 7.42(m, 24H, ArH), 6.52-6.98(m, 28H, ArH), 6.37(s, 8H, CONH),
5.80(s, 4H, ArCHAr), 5.67(s, 8H,CH ), 4.42(s, 16H, OCH,), 3.13(s,16H, C=NCHy),
2.62-2.84(m, 16H, NCH,), 2.03(s, 24H, CH3), 1.25-1.46(m, 16H, CH,).

4% JDN:EB. BAEME, 7=%: 51.0%, mp: 188°C(decomp.). IR (KBr)
[em™]: v=3406(w), 3092(W), 2932(w), 1676(m), 1601(vs), 1540(m), 1448(m), 1296(s),
1192(w), 1107(m), 1056(w), 805(w), 487(w). 'H NMR (CDCls) [ppm]: §=10.90(s, 8H,
NH), 6.44(m, 8H, ArH), 6.21(s, 8H, CONH), 5.41(s, 4H, ArCHAr), 5.25(s, 8H,CH ),
4.55-4,69(m, 16H, OCH,), 4.33-3.88(m, 108H, CsHsand Cp), 3.21(m, 16H, C=NCH,),
2.50(m, 16H, NCH,), 1.97(s, 24H, CH3), 1.39-1.57(m, 64H, CH;).

42 RS0
4.2.1 Schiff BAEHRE KT ED & RAITR

FIH R B[4 F RB R SV S BT K R EB R RN, BRI
AEENBIEGEY, BEUWEEERERT —RAIAGARBKGARER L
BEMEEZZBHFEREXREAEY. 8T N BETFRSIATLUERIE S8,
EEFINE N EFRAIT R XA O R REEERR L.

AL M S TR BN EESTER N RER, mA— 1 EE
ABMRN. FEANBREAEAREHEEE —MEENEE (Schemed),
R ER A ST RORRN B, EERNEFGRTRET LR
BEHREILE, —BREHFERIZELSSR, BAERN - BAETERENZ
BUBETEES, 23 0EEX FRIERENERR, BEET-FPHERLR
REFEI NS, PRAET P mh iRl 2
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H,N(CH;)NHCOCHL0, OCH,CONH(CH,)NH, =N(CH),NHCOCHAL OCHzCONH(CH,_).,N“CH.Q
m 2-,3-4% &% alcohol -
1

reflux 48

JDN,B-2, JDN,B-3: R,=H

JDNI: R |'=H
JDNB-2, JDN;B-3; Ry=OCHCONH(CH;)N=CHCHN

JDNy: R;=OCH,CONH(CH,)¢NH;

Scheme 3

HEHBE T AE T EANEHEAEZ AR IRIT MR EE. B
LAMEE R BT 1675 cm™ AL B HIBE AR, TR BE7E 1760 om™ S 3R
EMUBHAT, RUHHTHREABERABRKEZEDT . Schiff WATEYMLIME
W R BB KRS, 7E 1633 om™ IR T HH C=N B, RHT
BEHBTIA.

Ethano! Reflux HN

JDN;: R=CgHs, n=6 or M

JDNz R=CoHOCH,CONH(CHynNH,, n=6

JDNy: R=Fc, n=6 o M H
BDN;;: R=C¢H0CH,CONH(CHnNH;, n=3 RE

HaN(CHIMENCOCHA) HCONH(CHpnNH, O O q:
KE@ SN
4

Scheme 4

BERLEYRED p-—HS5ABREKESMERN. RYD, BE_BF
FREBRATEMTE LK P S5 =F - W R RN A BB MR T B R AT
EYTEFER, EESHER. IRIEFFRESBRERN, p-—FHESid
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B. ERMNERBTENAEERNITNEN, F305RMHESE W RBRiks
SN ERAE 1600cm™ 4, TORA MIBLEGR A7 1680cm™ 247, B
MER D EHFNFE, RBBEEEWHTART.

BRI S YA 1 N-C=C-C=0 4ity, F'E R EH LA KM R
BRA, FeHRRFNERE", ARAFEPE—KIKE BTN,

4.2.1 B ZIRBR B B R R AT Y A R

MHEE ZBBBAEY S TR%-0- MBS £ R RRARTAEY, B4R
THREE_MRF R L%, TENETEHIANTHREEOZR% AT, Hxe
WEAT T PEEMR M Bk pe AR s G W 2 . SRR BIRFI TR 42 .

# 4-2.50mV s FEMLSHE B 50E

Ent FoerFe'  EplV] ElVl  4E[V]  EylV]
FeH 0.548 0.441 0.107 0.494
JDN;EB 0.634 0.492 0.142 0.563
JDN;EB 0.624 0.467 0.157 0.546
JDN;EB 0.650  0.447/— — —

JDN;EB #1 JDN:EBIIBIMRZMZ R T Figd. EENEF IR REI—
XTI R, X FIDN,EBFIIDN,EB (8% 124 — Bk 5 AT b [ 4 2 R s 4
Bl 74, HBEEZEHMN, EELEFERRUE, XtRP RFH N EL
FORb AR,
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Current (A)

10 08 cfs ) 0'4 02 0.0
Potential vs. SCE(V)

Figure 4. Cyclic voltammetric curves (5x10™M CH,CL solution, 0.1M
BusNCIO4(TBAP), 298K; scan rate 50 mV s™) for the ferrocene units in JDN(EB and
JDN:EB.
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Figure 5. Cyclic voltammetric curves (5% 10*M CH,C}, solution, 0.1M

BusNCIO4(TBAP), 298K; scan rate 50 mV s™') for the ferrocene units in JDN;EB.
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FhE EX=MNTENE TR

SRERBLTASRNBIEE=MEFFRY, B, BEyEFEY
EF =T ERARERERE TS 2R, R THERENER=
By HR07 E BE A R IURRE RO U R T A 52090 ¥, SPIXER T B MDA 1B 1 D E R
B 2ETERINULFENZZETRIRAGBEF=MUFT LA, LT
BEFTHELEE, ERIEATRERIEEE, Bl R BB KA,
FRRERRENTRATEY, UETHURENLEFENRT. AB0OL,
BREMPRNANER=EMTED SEEHOTR, REXAMEYSFEE
SEANF R FHEL,

5.1 SRS

L E R

TR B FIEIR TR A). WX R, ZXKTE, 28N, TKZE, 95%
LB, RER, 8, ZREKYREAUEETH, FFREFLREEBEMHE
H.

IR TLC BREEAR .

S.11 EX=MAHEREHER
fE 250mL = O, KEE =8 (10mmol, 1.260g) M T 90mL KK (V
eV 4=5:1) F, HEHET, BEPER % FE(0mme)i Z B NEHE
ALRRESWT, FHER 15mL MAKP, AR THIEE 70-80°C, K 6h
BERRGIREIIE, BHME, 10%IEEERA B .
FREFR=—N TR 1a: BREREE, 7=E: 63%.
CTRBEER=BMRE R 1b: BUEEE, E: 89%.
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512 BEEZMHETEME SR

£ SOmL BERFEH T, ¥IE X =B #F 5512 8K (1.0mmol), ZFREF 15mL K1 0.3mL
LR BIVE S IINBAIETR 8he WEEINAK, #¥E, KBKWEHED, BRTEEROGE
., SRETFIRERE (RG/ZBLE, VIV=1/3) BAHFY.

LB FEER=NITE 20 GEREK, ™% 47.8%, mp: >250C. IR (KBr)
[em™]: v=1780(vs), 1428(m), 1372(s), 1203(vs), 1041(s), 900(w), 872(w), 696(m). 'H
NMR (CDCl,) [ppm]: §=6.96-7.04(m, 12H, ArH), 6.77-6.83(s, br, 8H, ArH), 6.28(s, 4H,
ArH), 5.98(s, 4H, CH), 1.94-2.19(br, 36H, COCHj;).

LB RS EER=MATSE 2b: BERES, % 10.5%. mp: >250C. 'H
NMR (CDCl;) [ppm]: §=6.31(s, 4H, ArH), 5.08(s, 4H, CH), 4.15(br, 36H, CsH, and Cp),
2.16(br, 36H, COCH,). IR (KBr) [cm™]: v=1784(CQO).

52 R 5

TR = BB AR ER AL T T LU R RAR 520 (Scheme 1), %
B (550K 63%7 89%). SEMITEMAE _MEKFRE R EE LA,
HERER, EEX=BURERIERET LT EETIENPRESEEE,
4 JE 48 R R SRAR K A o

AT, FOXPIF e R FEEE LN, mhue A 1L FUE B Z BRI
R EE=ZBA T IERTEY (Scheme2). KT 2a =REHF, K 45%L L TW2b
FENRE 10%EhH, EREMERNERET, REEE=BNFREEHLE
BE AP REN REEER =R SRR MEELE: B5, 2a IR
SR, BEIHIEESRY, MERIAEN b ERLRELRT,
Himf=RH—EBHRK,
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OH
HO OH

1a: R=Ph, 1b: R=Fc

Scheme 1

1a: R=Ph, tb: R=Fc

2a: R=Ph, 2b: R=Fc¢
Scheme 2
HASER D, ZBEERIE C=0 WlitidsE 1780cm™ HBLAR MMk M ik B BYES 5

7E 3200-3500cm™ {6 BRI 1 55, X HEARR T B & LT ERBES BN
HEET .
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Figuore 1. Crystal structure of 2a(1) and side view (2). Hydrogen atoms are omitted,

Displacement ellipsoids are drawn at the 25% probability level.
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Figure 2. Crystal structure of 2b. Hydrogen atoms are omitted. Displacement ellipsoids
are drawn at the 25% probability level.

MZEMEAREENF B2 T 08 P2aT2b i ik, 23 X-ray il IEH
EAI AT — 8. SIS0 E D 5R T Fig. 17Fig. 2, HXEHRNT
#5-19F,

M2aF2bl BT S, EMNFEXETANY THE. 22 £ ror
(cis-trans-trans) #IE!, WMER=BMHHEIBHE, —HLTKF, H5—4ELF
RFEENE, BATEECENRAMER=BHNHRTOELHER. 2¢ £
rece (all cis) ¥R, WO ZTRGEAER—T7 MINFHT], HEMMNE - BHLNE
A, XER LSRRG FHERERRTEXZBRFEREE HRAN
PR .
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2 5-1. Crystal data and structure refinement details of 2a and 2b

2a 2b
Empirical formula Cr6Hgs Oy CgHgyO24Fe, 2CHCI3-3H;0
Formula weight 1361.27 2085.82
Crystal size (mm) 0.30x0.20x0.20 0.40x0.32x0.20
Color colorless yellow
Crystal system monoclinic monoclinic
a(A) 15.7736(6) 17.3780(12)
b(A) 13.5498(5) 4.6126(10)
c(A) 18.039%(7) 38.267(3)
o(’) 90 90
B 92.373(3) 99.4140(10)
Y(® 90 90
Volume(A®) 3852.3(3) 9586.5(12)
Z 2 4
Calculated density 1.174 1.441
(gem?)
F(000) 1695 4272
space group P2(1)/n P2(D/n
Temperature(K) 298(2) 273(2)
Reflections collected / 5307/2864 48941/ 16858
unique
R(int) 0.0472 0.0565
Data / restraints / 2864/0/458 16858 /9/1192
parameters
0 range () 1.98 to 24.97 2.02 to 25.00
Absorption coefficient 0.131 0.836
(mm’")
Goodness-of-fit on F* 1.147 1.063
R [I>26 (D] 0.1821 0.1417
wR2 0.3193 0.2487
Extinction coefficient 0.017(4) —_
Largest diff. peak and 1.301 and -0.302 0.927 and -1.013
hole(e-A™)

WAED S FHENA RKE, ZEACRARANBLZENE, BHE
IR LB R TFig. 3. B REA—ME AT RE, LHBAELER0.520V, XR
H2b s FH AR ER B ENN, M4, 2bB1REEAE, HS %%
f HLAL B (B, = 0.548Y, Epe = 0,441V, Eyp= 0.494VYERIE, X AAF 5 1RFF L (3R
TR 5 04 BT RN .
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Figure 3. Cyclic voltammetric curves (5 X 107"'M CH,Cl; solution, 0.1M
Buy;NCIO(TBAP), 298K scan rate 50 mV s} for 2b. Scan range: 0-1.0V.
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