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Figure 2-1 Ferrocenyl groups bridged by —CH>—N(R)—CH,—.
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Scheme 2-1 Pseudorotaxane formation of dibenzylamine with DB24C8.
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Figure 2-2 Multipoint interaction of benzylamine with crown ether.
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Figure 2-4 Molecular shuttle controlled by electrochemical reaction.
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Scheme 2-2 Synthesis of guest molecules.
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Table 2-1 Selected bond distances (A)

Iy -._,a\., Ll atom atom
Y b N1 C9 1.266(4)
L 7 - “k N2  C20 1.277(4)
L S .= N1 c8 1.466(4)
/ / | ’,f N2 C21 1.469(4)
— -
\ ..-"’-.l i oy ll"

Figure2-5 ORTEP drawing of 4c with 50% ellipsoidal plotting.
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Scheme 2-3 Formation of pseudo[2]rotaxanes.
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0000000000 0AG=-32kcalmol*00000 (R=1.987 cal
mol™* K, T = 303 K)

AG® = -RT In K, (2-2)
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Figure 2-6 'H NMR spectra of pseudo[2]rotaxanes in CDsCN
(400 MHz, 30 °C). (A) 2a + DB2C8, (B) 2b + DB24CS8.
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000000000000 0000000000 Table2-200000
000 200 DB24C8 0000000000 *HNMRODOOOODOODOO
D0000MO0000000000000000 CHN'ODO 2.89 ppm
000000000000 [200000[DB24C82b][PF0 000000
3.35ppm 0000000000000 (Figure2-6B)030°CO 00000
00000001.0:1000002a000000000000000000
0000000OTable2-2000000

6
2a + DB24C8
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=
X
= 2b + DB24C8
2

0
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Figure 2-7 van't Hoff plots for pseudo[2]rotaxane formations of 2a or 2b
with DB24C8.

Table 2-2 Thermodynamic parameters of pseudo[2]rotaxanes.

Component -R KM AG/kcalemol*  AH%kcalsmol™  AS®/calemol*K™*
2a+DB24C8 4 )Me 208  -3.2 -24 -5.2
2b+DB24C8 A" 200  -3.2 -31 .78

(T = 303 K)
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Scheme 2-4 Formation of pseudo[2]rotaxanes in previous report. *?
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G o= Table 2-3 Selected bond
0”‘0\?224 o7 distances (&) and angles(°).

atom atom
N1 C1 1.505(6)
N1 C2 1.499(7)

atom atom atom
Cl NI C2 110.5(4)

atom atom

H1 06 2.18

H1 o7 2.29

H2 o1 2.35
Figure 2-8 ORTEP drawing of H3 05 2.50
pseudo[2]rotaxane of [DB24C8<2a] with 30% H4 02 2.35
ellipsoidal plotting. PFs anion was omitted. c9 C24 334

Single crystal suitable for X-ray determination

was obtained by recrystallization from
CH,CI,/Et,0. (host/guest = 58.3 mg/46.5 mg,
CH,Cl, = 2 mL, yield, 65.3 mg, 0.0715 mmol,
72%)

O[2I0 00000 ([DB24C82a]0] IROD OO DD Figure 2-9a0 0000
00000000 2a0 DB24C80 0000000000000 (b)O 3500
03000 cm' 00000000000 00000000000000000
000000000000 00000C000([2]00000[DB24C8«2a]0 [
NH,.0ODOOOOODODOO0O0O0DO000000000 3166, 3067 cm™ 0 O
000000000000000 2a000 (3266, 3233 cm™) (Figure 2-9¢)
00000000000 100, 166 cm*0 0000000000000 O0
000000000000 00000000000000X0000000
0000000000000000000000000000000000
00000000DB24C80 000000000000 (N-H..O)DOOO
000000000000 0000000000000000000000
0000000 C-H.OODOOOO IROODDODOOOO0ODOOO00DO0O
0000000000 000C-HOOODOOOMOOOO0O0000O0 CH,O
CH;:000D0O000D0O00O0O
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Wavelength/cm'1

Figure 2-9 IR spectra of (a) pseudo[2]rotaxane of [DB24C8¢2a], (b)
mixture of 2a and DB24C8, (c) 2a, and (d) DB24CS8.
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Figure 2-10 TG curves of (a) pseudo[2]rotaxane of [DB24C8+2a], (b) 2a,
(c) DB24C8, and (d) mixture of 2a and DB24C8 (1:1). Heating rate = 10
°C/min.
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Scheme 2-5 Formation of pseudo[3]rotaxane.
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Figure 2-12 Partial *H NMR spectra in CDsCN (300 Hz, r. t.). (a) 2c, (b)
DB24C8 : 2C = 1:1, (c) DB24C8 : 2¢ = 5:1.
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Figure 2-13 FAB mass spectrum of pseudo[3]rotaxane.
Nitrobenzyl alchol was used for matrix.
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Figure 2-14 ORTEP drawing of pseudo[3]rotaxane [(DB24C8),°2c] with
30% ellipsoidal plotting. PFg anion was omitted. Single crystal suitable
for X-ray determination was obtained by recrystallization from
CHyCl,/acetone/"Pr,0.
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Scheme 2-6 Formation of pseudorotaxane triggered by electrochemical

oxidation.
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Figure 2-15 Schematic illustration of flow electrolysis system.
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Figure 2-16 Linear sweep voltammograms of la (2 mM) (—) in the
presence of DB24C8 (4 mM) (---) in acetonitrile solution of 10 mM
n-Bus;NPFs. Flow rate = 0.7 mL mint. Scanrate =1 mV s™.
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Figure 2-17 FAB mass spectra of (a) [DB24C8+1a-H]", (b) [DB24C8+1b-H]",
and (c) [(DB24C8),s1c-H]*". These solutions were measured after
electrochemically oxidation at 0.4 V by using of flow electrolysis system.
Mixture of glycerol and m-nitrobenzyl alchol was used for matrix.
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Figure 2-18 Cyclic voltammograms of the mixture of DB24C8 and 2a in
acetonitrile solution of 10 mM n-BusNPFg at scanning rates of 0.1 V s, (a)
before flow electrolysis, (b) after flow electrolysis at 0.4 V and kept at 20
°C for 12 h.
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Figure 2-20 *H NMR of (a) 1a, (b) 2a, (c) 1la-H", and (d) [DB24C8+1a-H"]
after edition of 2eq DB24C8 in CD3CN (300 MH2z).
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Figure 2-21 UV-vis spectra of 1a in the presence of DB24C8 in a CH3CN
solution of 10 mM n-BusNPFes. Spectra measured soon after the
electrolysis at (a) —0.4 V (vs Ag*/Ag), (b) 0V, (c) 0.05V, (d) 0.1V, (e) 0.4 V.
Plot of absorption intensity at 630 nm versus applied potential are shown in
the inset (solid line: simulated by Nernst equation).

Nernst equation

Rd Ox+e
' Ox]
Eapp = E¥ + —RT_ | (2-4)
app nF " [Rd]

DB24C8 1 lall 00O OO OODO 0.1 Mn-BuuNPFsO OO 0.4VO OO
O0000ODOD0ODODOODODO0O000000000gg (Figure 2-22a)00 OO0
00 1la000000 TEMPOH (1I0mLOO03.2mg)0O0000O0 20000
630 nm U OO0 oooooooooooon
0 0O (Figure 2-22b)0

45



o220 Ooooooooooooooooooooooooong

0.4

Absorbance
(@]
N

0

500 600 700 800
Wavelength/nm

Figure 2-22 UV-vis spectra of 1a (2 mM) in a CH3CN solution of 10 mM
n-BusNPFs. Change of the spectra after flow electrolysis at 0.4 V (293 K)
for (A) (a) 0 s, (b) 2 s by addition of 2 mM of TEMPOH.
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Figure 2-23 'H NMR spectra of (a) 1a, by addition of (b) n-BusNPFs, (c)
n-BusNPFs and TEMPOH, and (d) n-BusNPFs, TEMPOH, and DB24C8 in
CD3CN (300 MHz).
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Figure 2-24 ESR spectra of (a) mixture of 1a (1 mM), n-BusNPFg (1 mM)
and TEMPOH (1 mM), (b) 1a (1 mM), n-BusNPFs (1 mM) after flow
electrolysis at 0.4 V and addition of TEMPOH (1 mM), and (c) TEMPO (1
mM). g =2.0059. Integral intensity ratio (b/c) = 0.92.
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Figure 2-25 UV-vis spectra of 1a (2 mM) in the presence of DB24C8 (4
mM) in a CH3CN solution of 10 mM n-BusNPFs. Change of the spectra
after flow electrolysis at 0.4 V (293 K) for (a) 0 min, (b) 6min, (c) 12min, (d)
24 min, (e) 90 min.
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Figure 2-26 (A) Pseudo-first-order plots of consumption of ferricinium of 1
presence of DB24C8 of (a) 0 mM (Kopsa = 3.4 x 10 s, (b) 2 MM (Kobsg =
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4.4 x 10° s*). (B) Plot of pseudo-first-order rate constants versus the
concentration of the DB24C8. k=2.1x10* mM™* st at 293 K.
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Scheme 3-2 Synthesis of N-aryl-2-aza-[3]-ferrocenophane.
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Table 3-1 Selected bond

distances (A) and angles(°).

O\ 017 atom atom

C16
ot Fe Cl

NI Cli
NI  Ci3
Ohnie N2 16
C17 C19

atom atom atom
Cll1 N1 C12

Figure 3-3 ORTEP drawing of 7 with Cll1 N1 Ci3

2.001
1.468
1.424
1.415
1.493

113.8
118.7

50% ellipsoidal plotting. Single crystal
suitable for X-ray determination was
obtained by recrystallization from CHCls.

3-2-2 OJ0O0O0ODOODODDOONDDODOD-200-@B]-00OOOO0O0

god

& —CH,0H S & Ph
Fe B R NOBri» Fe NONON\\

OS—cnon L
5

8a (70%) 9a (82%)
K Ph

n)

e Tl -a Ve thea

8b (68%) 9b (78%)

(a) 4-bromoaniline, RuCl,(PPhs3)s (5 mol%), 180 °C, NMP; (b) 3-bromoaniline,
RuClz(PPh3); (5 mol%), 180 °C, NMP; (c) 4-phenylazodiphenylamine,
Pd,(dba); (dba = dibenzylideneacetone, 1.3 mol%), NaO-t-Bu (1.5 eq.),

P(t-Bu)s (7.5 mol%), 100 °C, toluene.

Scheme 3-3 Synthesis of azaferrocenophane-containing azobenzene.
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Figure 3-4 ORTEP drawings of 9a and 9b with 30% ellipsoidal plotting.

65



o330 oooooooooooooooooooooooooooooonn

3-3 dboobooboobouobooobobobobobobb
3-3-1 N-OOOO-2-00-@-00bbobo0o0gouobbboooo

1) eal000O0ODODODOOOOO

6a, 6b 00000000 O0O0O0000 (CV)O Figure 3-50000000
0000000000 200000000000000000000000
0000000200 300000000000000000000000
000 6b (Eye, =-0.14 V)OO OO 6a(Ey,=0.01V)DJODODODODOODODOO
0000000000000000D00000000000000D00O0
0 (or°00 NH,0-0.4800H0-040)0000000000000000O0O
000000000000006b0 Fe(DD a0 000000000OOO
O00MM2000000000006a,6b000000000000000

¢ 1x10° A

(b)

Cathodic I/A Anodic

1x10° A

| | | | | |
04 02 0 02 04 06 08

E/V vs Ag'/Ag
Figure 3-5 Cyclic voltammograms in CH3CN containing 0.10 M n-Et;NBF, and
25 °C. Sweep rate: 0.10 V s™. (a) 6a (1.0 mM). Ey, = 0.01 V and 0.42 V.
(b) 6b (1 mM). E;»=-0.14V and 0.27 V.
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Figure 3-6 (A) Changes of absorption spectra of 6a (0.1 mM) in
acetonitrile solution of 0.1 M n-Et4;NBF,4 at (a) -0.4 V, (b) 0 V, (c) +0.3 V,
and (d) +0.4 V (vs Ag*/Ag). (B) Relative intensity changes of absorption
spectra of 6a induced by oxidation potentials (a) at 535 nm (E” = -0.04 V,
n = 0.6), (b) at 375 nm (E” = 0.01 V, n = 0.6), and (c) at 800 nm (E” =
0.01V,n=0.7; E” =0.41V, n=0.8).
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Scheme 3-4 Electrochemical redox mechanism of 6a.
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Figure 3-7 (A) Changes of absorption spectra of 6b (0.1 mM) in
acetonitrile solution of 0.1 M n-Et4,NBF,4 at (a) —0.4 V, (b) —-0.2 V, (c) —0.15
V, and (d) 0 V (vs Ag*/Ag). (B) Relative intensity changes of absorption
spectra of 6b induced by oxidation potentials (a) at 325 nm, (b) at 550
nm, and (c) at 870 nm.

Electron Transfer

Fe! NOLLZ
Scheme 3-5 Electrochemical redox mechanism of 6b.
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Figure 3-8 Cyclic voltammograms in CH,ClI, containing 0.10 M n-BusNPF¢
and 25 °C. Sweep rate: 0.10 V s™. (a) 9a (1.0 mM). Ey, = 0.17 V, 0.41

V,and 0.92 V. (b)9b (1 mM). Ey,=0.22V and Epa=0.73 V.

(A) (B)
15 s 1.2
*é’ b (c)
_‘2 1 F AAAM‘AA“. ﬁ.'l (a) ><><><><><
£ My X
yy d)°
81.0 5 08 o d, ™
c B | 2
g 5 06 | 5o
o 2 . ° L™
8 © n “ 'l.-
< 0.5 g 04 i 7y .l-
%‘ -.XXXX .M'..'Ocooo:
E 02 1 ~>< ‘A“
3 S
0 0 EenmmmeX L .
200 400 600 800 1000 -05 0 0.5 1 15

Wavelength/nm E/V vs Ag'/Ag
Figure 3-9 (A) Changes of absorption spectra of 9a (0.05 mM) in
acetonitrile solution of 0.1 M n-Et4,NBF, at (a) -0.4 V, (b) -0.1V, (c) 0.3V,
and (d) 1.0 V (vs. Ag*/Ag). (B) Relative intensity changes of absorption
spectra of 9a induced by oxidation potentials (a) at 375 nm, (b) at 440
nm, (c) at 550 nm, and (d) at 770 nm.
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Figure 3-10 Electrochemically oxidized species of 9a.
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Scheme 3-6 Electrochemical redox mechanism of 9a.
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Scheme 3-7 Electrochemical redox mechanism of 9b.
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Figure 3-11 UV-vis spectra of (A) 9a and (B) 9b. (a) Before
photoirradiation (trans-type) and (b) at the photostationary state (cis/trans
mixture) by irradiation at 420 nm from a cut-off filtered Xenon lamp for 1 h at

20 °C in toluene.
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Figure 3-12 UV-vis spectra of (A) 9a°" after flow-electrolysis at 0.3 V and
(B) 9b™ after flow-electrolysis at 0.4 V. (a) Before photoirradiation
(trans-type) and (b) at the photostationary state (cis/trans mixture) by
irradiation at 420 nm from a cut-off filtered Xenon lamp for 1 h at 20 °C in
toluene.
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Figure 3-13 First-order plots of thermal isomerization (283 K) of (A) 9a in
the photostationary state (a) without oxidation (k = 1.5 x 10° s*) and (b)
after oxidation at 0.3 V (k = 6.3 x 103 s™), (c) 0.6 V (k = 1.3 x 10% s, (d)
1.0V (k = 1.9 x 102 s™!) and (B) 9b in the photostationary state (a) without
oxidation (k = 1.0 x 10 s*) and (b) after oxidation at 0.4 V (k = 1.0 x 10
s1). A denotes the absorption at t.
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Table 4-1 Selected Bond
Distances (A) and Angles (°)

C Fe-C1 2.007(7)
o C19 N1-C11 1.463(8)

( E /%\ N1-C13 1.346(8)

C16 N2-C16 1.408(8)

N2-C19 1.260(8)
S1-C20 1.715(8)

C21

C(11)-N(1)-C(12) 112.9(6)
. _ C(11)-N(1)-C(13) 121.8(6)
Figure 4-3 ORTEP drawings of 10c C(16)-N(2)-C(19) 121.4(7)

with 50% ellipsoidal plotting. C(20)-S(1)-C(21) 91.7(4)
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Figure 4-4 Cyclic voltammograms of 10a-10d (1.0 mM) in CH3CN solution
containing EtzNBF,; (0.1 M) (scan rate = 0.1 Vs™, reference electrode:
Ag'/Ag). (a) 10a, Epa = 0.13 V and 0.68 V, (b) 10b, Ep, = 0.13 V and 0.68 V,
Epc =-1.26 V, -1.69 V, -1.89 V, (c) 10c, Epa = 0.13 V and 0.59 V, Epc = -1.39
V (b) 10d, Epa = 0.17 V and 0.87 V, Eyc = -1.50 V.
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Figure 4-6 UV-vis spectra of (a) 6b (Amax = 309 nm, &€ = 2160 M*cm™),
MLCT (Amax = 440 nm, £ = 370 M*cm™), (b) 10a (Amax = 378 nm, € = 14300
M™*ecm™), (c) 10b (Amax = 450 nm, € = 18600 M*cm™), (d) 10¢ (Amax = 391 nm,
£=19400 Mcm™), and (e) 10d (Amax = 424 nm, £ = 14000 Mtcm™).
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Figure 4-7 Changes of absorption spectra of (A) 10b (0.1 mM) in
acetonitrile solution of 0.1 M n-Et4,NBF, at (a) —2.0 V, (b) -0.4 V, (c) 0.8 V,
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(c) NaClO,. Scan rate: 0.10 V s
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Figure 5-7 (a) Cyclic voltammogram of 12c deposited on gold electrode in
aqueous media containing 0.10 M NaClO,4 and at 25 °C. Sweep rate: 0.10
V st Epa = 0.49 V and Epc = 0.42 V. (b) Differential curve for oxidation
peak of (a). Ep = 0.44V, 0.53 V. (c) Differential curve for reduction peak
of (a). E,=0.38V, 0.46 V.
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Figure 5-8 Dependence on scan rate of I, of cyclic voltammogram of 12c
in aqueous media of 0.1 M NaClO4. For (a) anodic peak l,a and (b)
cathodic peak Ic.
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Figure 5-9 (a) Cyclic voltammogram of 12c deposited on gold electrode in
agueous media containing 0.10 M NaClO,4 and at 25 °C. Sweep rate: 0.10
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Figure 5-10 Dependence on scan rate of |, of cyclic voltammogram of 12c
in aqueous media of 0.1 M HCIO,4. For (a) anodic peak Ipa and (b) cathodic
peak lpc.
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Figure 5-11 Cyclic voltammogram of 13 deposited on gold electrode (a) in
aqueous media containing 0.10 M NaClO4 (Epa = 0.41 V, 0.49 V and E, =
0.33 V) and (b) in acidic aqueous media containing 0.10 M HCIO4 (Epa =
0.48 V and E,c = 0.42 V) at 25°C. Scan rate: 0.10 V s™.
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Figure 5-12 Dependence on scan rate of I, of cyclic voltammogram of 13;
(A) in aqueous media of 0.1 M NaClO,. For (a) anodic peak lpa1, (D) lpaz
and (c) cathodic peak l,c. (B) in acidic aqueous media of 0.1 M HCIO,.
For (a) anodic peak l,; and (b) cathodic peak Ipc.
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Figure 5-13 Cyclic voltammogram of 13 deposited on gold electrode (a) in
aqueous media containing 0.10 M NaClO4 (Epa = 0.41 V, 0.49 V and E, =
0.33 V) and (b) in acidic aqueous media containing 0.10 M HCIO4 (Epa =
0.48 V and E,c = 0.42 V) at 25°C. Scan rate: 0.10 V s™.
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Figure 5-14 Dependence on scan rate of |, of cyclic voltammogram of (A)
12c mixed SAM with dodecanethiol and (B) 13 mixed SAM with
dodecanethiol in agueous media of 0.1 M NaClO4. For (a) anodic peak lpa
and (b) cathodic peak I,.
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Table 5-1 Summary of experimental data.

Compound Diluent EpalV Epd/V rx10™
/mol cm™
12a (0.1 mM) 0.48 0.40 1.3
12b (0.1 mM) 0.49 0.41 1.3
12¢ (0.1 mM) 0.49 0.42 11
12¢ (0.1 mMM)  n-CyHpsSH (0.1 mM)  0.21 0.08 0.017
13 (0.05 mM) 0.41, 0.49 0.33 0.34
13 (0.05mM)  n-CpoHpsSH (0.1 mM)  0.22 0.04 0.18
13(0.05mM)  n-CpoHpsSH (1O mM)  0.24 0.00 0.020
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Figure 5-15 Dependence on scan rate of E, of 12a cyclic voltammogram
of 12a in aqueous media of 0.1 M NaClO4. For (a) anodic peak Ep; and (b)
cathodic peak Epc.
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Figure 5-16 Dependence on scan rate of E, of 12a cyclic voltammogram
of 12a in acidic aqueous media of 0.1 M HCIO4. For (a) anodic peak Eg,
and (b) cathodic peak Ejc.
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Table 5-2 Summary of electron transfer constant.
Length
SAM d/A  |NaClo, HCIO,
film Ko/s™ a ke/s™ a Ko/s™ a Ke/s™ a
12a 20.6 16.7 0.163 | 17.7 0.799 | 7.37 0.052 | 14.8 0.610
12b 23.6 134 0.200 | 155 0.764 | 7.32 0.072 | 11.1 0.649
12c 26.2 126 0.330 | 13.3 0.743 | 3.92 0.047 | 10.9 0.536
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Figure 5-17 Length between ferrocenophane and mercapto group.

127




(A)

In k

osd ubobooooooooooooobooobooooao
gbooooooooobooooo

O0D000DO0O000DO00o0DOO00oo0D0oOoooDoOoOoooDooon
00000000 po00oooooDoOO000ooogooooooog
OO0 Inkl[oOoOooDOoooooodoooooooooooooooooo
OoponoOon (Figure 5-18)0

B = 0d In[k]/dd (5-10)

goobopooooobbooooobbooooopoooobbobooog
goobbboooobbooooobbooooobbooboop=1000040on
goubgoboboobguobobbooboobouobobooboobo
gooobobogopp=o0050000bbbooooobboboooobboooog
goboobooobooboob o)y oobooboobooo
goubgoboboobguobobbooboobouobobooboobo
goubgoboobobb 20000000000

3 B) 3
\(b)A
28 | A
(b)
‘_E 2 (& *
26| (@ e
¢ @ e
2.4 1
20 25 30 20 25 30
d/A d/ A
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General Methods.

. U

la” and 1,1'-Diformylferrocene“ were prepared according to the literature
method. DB24C8 was purchased from Tokyo Kasei Kogyo Co., Ltd.
Ferrocenecarboxaldehyde was purchased from STREM CHEMICALS. 'H and
3C{’H} NMR spectra were recorded on JEOL EX-400 or Varian Mercury 300
spectrometers where the chemical shifts were referenced with respect to CHCI; (&
7.24), CD,HCN (5 1.93) for 'H and CDCl; (& 77.0), CDsCN (8 1.30) for **C as
internal standards. IR absorption spectra were recorded with Shimadzu
FT/IR-8100 spectrometers. Elemental analyses were carried out with a Yanaco
MT-5 CHN autorecorder. Thermogravity analysis (TGA) was recorded on Seiko
TG/DTA6200R. Differential scanning calorimeter (DSC) was recorded on
SeikoDSC6200S. Fast atom bombardment mass spectrum (FABMS) was
obtained from JEOL JMS-700 (matrix, glycerol or m-nitrobenzyl alcohol). ESR
spectra were recorded on JEOL RE3X spectrometer. Cyclic voltammetry (CV)
was measured in CH3;CN solution containing 10 mM n-BusNPFg with ALS
Electrochemical Analyzer Model-600A. The measurement was carried out in a
standard one-compartment cell under inert gas equipped with Ag*/Ag reference
electrode, a platinum-wire counter electrode, and a platinum-disk working
electrode (ID: 1.6 mm). A combination of flow through electrolysis cell, peristaltic
pump SMP-11 at 0.7 mL min™t and JASCO V-530 UV/VIS spectrometer was used

for the spectroelectrochemical measurements in situ (Figure 2-15).

Preparation of 2a

A suspension la (362 mg, 1.13 mmol) in 6 N HCI (40 mL) was stirred for
12 h at room temperature. Evaporation of the solvent gave [1a-H][CI] which was
washed with water. To a suspension of [1a-H][CI] in acetone (50 mL) was added
NH4PFs (1.63 g, 10 mmol), and the mixture was stirred for 4 h at room temperature.
The precipitate was removed by the filtration. Evaporation of the filtrate gave
[la-H][PF¢] = 2a as a yellow solid (408 mg, 0.877 mmol, 78%). Anal. Calcd. for
CigH2oNFgFeP: C, 49.06; H, 4.77; N, 3.01. Found: C, 48.98; H, 4.65; N, 3.02.
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'H NMR (300 MHz, CD4CN, r. 1.):  2.34 (s, 3H, CHs), 4.04 (br, 2H, CsH,), 4.06 (br,
2H, CsH,), 4.21* (5H, CsHs), 4.28 (t, 2H, CH,, J (HH) = 1.8 Hz), 4.37 (t, 2H, CH,, J
(HH) = 1.8 Hz), 7.26 (m, 2H, CgHy,), 7.29 (m, 2H, CsH,). *C{*H} NMR spectrum
(75.5 MHz, CDsCN, . t.):  21.3 (CH3), 48.7 (CH,), 51.6(CH,), 70.1 (CsHs or CsH,),
70.7 (CsHs or CsHy), 71.7 (CsHsor CsHy), 76.5 (CsHs or CsH,), 128.4 (CgH,), 130.6
(CeHa), 131.0 (CgH.), 140.6 (CsH,). IR spectrum (KBr): v (N-H); 3266, 3233 cm™.

5% loss of temperature 217 °C.

Preparation of 1b

A toluene solution containing ferrocene carboxaldehyde (2.13 g, 10.0
mmol) and n-hexylamine (1.02 g, 10.1 mmol) was stirred for 24 h at 80 °C in the
presence of the MS4A. MS4A was removed by the filtration and the filtrate was
evaporated to give [(n-hexylimino)methyl]ferrocene (4b) as a brown oil ['*H NMR
(300 MHz, CD3CN, r t.): 6 0.92 (m, 3H, CH3), 1.32-1.35* (6H, CH,), 1.65 (m, 2H,
CH,), 3.46 (t, 2H, NCH,), 4.19 (s, 5H, CsHs), 4.36 (s, 2H, CsHa), 4.64 (s, 2H, CsHa),
8.11 (s, 1H, CH)]. The above product was dissolved in THF/MeOH (THF/MeOH =
50 mL/50 mL) at room temperature. NaBH, (766 mg, 20.5 mmol) was added to
the solution and the mixture was stirred for 2 h at room temperature. An extra
portion of NaBH, (720 mg, 19.0 mmol) was added to the reaction mixture and the
mixture was stirred for further 12 h, before being treated with 1N HCI (100 mL).
After evaporation of the solvent, the remaining solid was partitioned between 2N
KOH and CH.Cl,. Organic extract was dried over MgSO,, filtered and
concentrated under reduced pressure to give [(n-hexylamino)methyl]ferrocene (1b)
as a brown oil (2.31 g, 7.75 mmol, 78%). *H NMR (300 MHz, CDsCl, r. t.): 5 0.86
(s, 3H, CHg3), 1.26-1.28* (6H, CH,), 1.46 (m, 2H, CH,), 2.60 (t, 2H, NCH,, J (HH) =
7.5 Hz), 3.48 (s, 2H, NCH,), 4.08 (m, 2H, CsH,), 4.10 (s, 5H, CsHs), 4.16 (m, 2H,
CsHs). ™C{*H} NMR spectrum (75.5 MHz, CD5ClI, r. t.):  14.0 (CH3), 22.6 (CH),),
27.1 (CH,), 30.0 (CH,), 31.8 (CH,), 49.1 (NCH,), 49.7 (NCH,), 67.7 (CsH, or CsHs),
68.2-68.4* (2C, CsH, or CsHs), 68.4 (CsHy or CsHs).
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Preparation of 2b

A suspension of 1b (740 mg, 2.47 mmol)) in 6 N HCI (60 mL) was stirred
for 12 h at room temperature. Evaporation of the solvent gave [1b-H][CI] which
was washed with water. To a suspension of [1b-H][CI] in acetone (50 mL) was
added NH4PFs (1.63 g, 10 mmol) and the mixture was stirred for 4 h at room
temperature. The precipitate was removed by the filtration and the evaporation of
the filtrate gave [1b-H][PF¢] = 2b as a yellow solid (395 mg, 0.887 mmol, 36%).
Anal. Calcd. for C;7H,sNFgFeP: C, 45.86; H, 5.89; N, 3.15. Found: C, 45.98; H,
6.03; N, 3.20. *H NMR (300 MHz, CD;CN, r. t.): 3 0.88 (t, 3H, CH3, J (HH) = 6.9
Hz), 1.28-1.32* (6H, CH,), 1.57 (m, 2H, CH,), 2.90 (2H, NCH,CH,), 3.97 (s, 2H,
NCH,Cp), 4.20 (s, 5H, CsHs), 4.27 (t, 2H, CsHa, J (HH) = 2.1 Hz), 4.35 (t, 2H, CsHa,
J (HH) = 1.8 Hz), 6.41 (br, 2H, NH,). *C{*H} NMR spectrum (75.5 MHz, CDsCN, r.
t.): 6 14.2 (CHj3), 23.0 (CH,), 26.3 (CH,), 26.5 (CH,), 31.7 (CH,), 48.2 (NCHy), 48.7
(NCH,), 69.9 (CsHs or CsHa), 70.5 (CsHs or CsHa), 71.3 (CsHsor CsHa), 76.6 (CsHs
or CsHy).

Preparation of 1,1'-bis[[(p-methylbenzyl)imino]lmethyl]ferrocene (4c)

A solution of 1,1'-diformylferrocene (1.21 g, 5.00 mmol) and
p-methylbenzylamine (1.21 g, 9.99 mmol) in toluene (80 mL) was stirred for 3 days
at 80 °C in the presence of MS4A. MS4A was removed by the filtration and the
filtrate was evaporated to give the 1,1'-bis[[(p-methylbenzyl)imino]lmethyl]ferrocene
(4c) as a redbrick solid which was purified by recrystallization from Et,O (1.63 g,
3.64 mmol, 73%). Anal. Calcd. for CyHygN,Fe: C, 75.00; H, 6.29; N, 6.25.
Found: C, 74.60; H, 6.48; N, 6.04. 'H NMR (300 MHz, CDsCN, r. t.): 8 2.31 (s, 6H,
CHs), 4.33 (t, 4H, CsHa, J (HH) = 2.1 Hz), 4.54 (s, 4H, CH,), 4.63 (t, 4H, CsHa, J
(HH) = 1.8 Hz), 7.14 (t, 4H, 0-CgH, or m-CgHg4, J (HH) = 8.4 Hz), 7.16 (t, 4H, 0-CgH,
or m-CgHy, J (HH) = 8.1 Hz), 8.06 (s, 2H, CH). C{*H} NMR spectrum (75.5 MHz,
CD3CN, r. t.): 8 21.0 (CHg), 65.0 (CH,, CsH, or C=N), 69.4 (CH,, CsH4 or C=N),
71.3 (CH,, CsHa or C=N), 81.4 (CH,, CsH, or C=N), 127.9 (CeH.), 129.1 (CgHa),
136.3 (CeHa), 136.4 (CgHa), 161.1 (CsHa).
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Preparation of 1,1'-bis[[(p-methylbenzyl)amino]methyl]ferrocene (1c)

1,1'-bis[[(p-methylphenylmethyl)imino]methyl]-ferrocene (1.42 ¢, 3.17
mmol) was dissolved in THF/MeOH (THF/MeOH = 50 mL/50 mL). NaBH, (360
mg, 9.52 mmol) was added to the solution which was stirred for 2 h at room
temperature. An extra portion of NaBH,; (360 mg, 9.52 mmol) was added to the
reaction mixture and the mixture was stirred for further 24 h, before being treated
with IN HCI (100 mL). After evaporation of the solvent, the remaining solid was
partitioned between 2N KOH and CH,Cl,. Organic extracts was dried over MgSO,
filtered, and concentrated under reduced pressure to give
1,1'-bis[[(p-methylbenzyl)amino]methyl]ferrocene (1c) as brown oil in quantitative
yield. Anal. Calcd. For C,gHsNoFe: C, 74.33; H, 7.13; N, 6.19. Found: C, 74.07;
H, 7.39; N, 5.91. *H NMR (300 MHz, CD;Cl, 1. t.): 8 2.33 (s, 6H, CH3), 3.47 (s, 4H,
CH,), 3.74 (s, 4H, CH,), 4.03 (t, 4H, CsH4, J (HH) = 1.5 Hz), 4.10 (t, 4H, CsHa, J
(HH) = 1.8 Hz), 7.12 (d, 4H, 0-C¢Hs or m-CgH,, J (HH) = 7.8 Hz), 7.20 (t, 4H,
0-CgH,4 or m-CgHy4, J (HH) = 8.1 Hz). *C{*H} NMR spectrum (75.5 MHz, CD5CI, r.
t.): 8 21.0 (CHs), 47.8 (CH,), 52.9 (CH,), 68.1 (CsH.), 68.6 (CsH4), 86.9 (CsHa),
127.9 (CgHa), 129.0 (CHa), 136.3 (CeHa), 137.1 (CgHJ).

Isolation of [DB24C8+2a]

Yellow crystals of pseudorotaxane [DB24C8e2a] was obtained by
recrystallization from a CH,CI,/Et,O solution of 2a/DB24C8 (58.3 mg/46.5 mg).
[DB24C8+2a] was obtained in 72%. Anal. Calcd. for C43HssNFe¢FeP: C, 56.52; H,
5.96; N, 1.53. Found: C, 56.37; H, 5.80; N, 1.53. IR spectrum (KBr): v (N-H):
3067, 3166 cm™. FABMS: m/z = 768 [M—PF¢]*. 5% loss of temperature 237 °C.

General procedures for crystal structure analyses

Crystals of 1,1'-bis[[(p-methylphenylbenzyl)imino]methyl]ferrocene
pseudorotaxane, [DB24C8+4c] suitable for X-ray diffraction study were obtained by
recrystallization from Et,O, CH,CIl,/Et,O and CH,Cl,/acetone/"Pr,0, respectively,
and mounted in glass capillary tubes. The data of were collected to a maximum
260 value of 55.0 °. A total of 720 oscillation images were collected. A sweep of

data was done using wscans from -110.0 to 70.0 °in 0.5 ° step, at x =45.0° and ¢
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= 0.0°. The detector swing angle was -20.42 °. A second sweep was performed
using w scans from -110.0 to 70.0° in 0.5 © step, at x = 45.0 ° and ¢ = 90.0 °. The
crystal-to-detector distance was 44.84 mm. Readout was performed in the 0.070
mm pixel mode. Calculations were carried out by using a program package
CrystalStructure™ for Windows. The structure was solved by direct methods and
expanded using Fourier techniques. A full-matrix least-squares refinement was

used for the non-hydrogen atoms with anisotropic thermal parameters.

Thermodynamic parameters of pseudo[2]rotaxane formation

Typical thermodynamic experiment is as follows. In an NMR tube was
charged a CH3CN solution (0.7 mL) of DB24C8 (0.007 mmol) and the ammonium
salts (0.007 mmol). The sample was placed in an NMR spectrometer, the 'H
NMR spectra were recorded at the appropriate temperature. The molar ratio of
DB24C8 and ammonium salts was determined by the comparison of the peak area
of methylene hydrogens and the concentration of the uncomplexed
DB24C8/ammonium salts and their associated pseudo[2]rotaxane was calculated
from the original concentration of crown ether and salts (Figure 2-6). The
temperature dependence of association constants K shown in Figure S3 gives the
thermodynamic parameters of the reactions which were summarized in Table S1.

'H NMR of [DB24C8+2a-H][PFs] (300 MHz, CDsCN, r. t.): & 2.14 (s, 3H,
CHs), 3.60-4.20* (OCH,, CsHs, CsHs, 33H), 4.37 (m, 2H, NCH,), 4.53 (m, 2H,
NCH.,), 6.85-6.64* (10H, C¢H4, 0- or m-CgHu(host)), 7.14 (2H, o- or m-CgHy4(host)).
'H NMR of [DB24C8+2-H][PF¢] (400 MHz, CDsCN, 30 °C): & 0.89 (t, 3H, CHs, J
(HH) = 0.8 Hz), 1.03-1.11* (4H, CH,), 1.29-1.38* (2H, CH,), 1.40 (m, 2H, CH,),
3.32 (m, 2H, NCH,), 3.60-4.35* (35H, Cp, OCH,), 6.88-6.98* (8H, CsH,;). FABMS:
m/z = 748 [M- PF¢]".
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Kinetic study of pseudo[2]rotaxane formation

Typical kinetic experiment is as follows. An acetonitrile solution of 1a (2
mM) containing n-BusNPFs (0.1 M) was electrochemically oxidized at 0.4 V (vs
Ag’/Ag) by using flow electrolysis system and was soon collect to 1 cm x 1 cm
quartz cell. After addition of DB24C8 (0, 4, 10, 20, or 40 mM) to the solution, the

UV-vis absorption spectra were measured every 3 minutes.

O30

General Methods.

RUCIz(PPhg)g,D 1,1’-Ferrocenedimathanol,gl sz(dba)glé| and were prepared
according to the literature. Preparation of the complexes and ferrocenophanes
were carried out under nitrogen or argon using a standard Schlenk technique.
Solvents were distilled from CaH, and stored under argon. The IR spectra were
obtained on a JASCO-IR810 spectrophotometer. The 'H and *C NMR spectra
were recorded on a JEOL EX-400 spectrometer at 25 °C unless otherwise stated.
A YANACO MT-5 CHN Autocorder was used in the elemental analyses. Cyclic
voltammetry was recorded in a MeCN solution of 0.10 M Et;NBF,; with an ALS
Electrochemical Analyzer Model-600A. The potentials were referenced to Ag*/Ag.
Spectrochemical measurements were carried out by using a combination of a flow
through electrolysis cell, ALS Electrochemical Analyzer Model-600A and EYELA
peristaltic pump SMP-11, and JASCO V-530 UV/VIS spectrometer. Details of

apparatus were shown in Figure 2-15.°

Preparation of N-(4-hydroxyphenyl)-2-aza-[3]-ferrocenophane (6a)

To an NMP (10 mL) solution of RuCl,(PPh3); (480 mg, 0.5 mmol) was added
p-aminophenol (1.89 g, 10 mmol) and then 1,1’-ferrocenedimethanol (2.46 mg, 10
mmol) at room temperature under nitrogen atmosphere. The mixture was heated
for 16 h at 180 °C. After removal of the solvent under vacuum, the product was
extracted with CHCIl;. Column chromatography (silica gel; hexane: ethyl acetate =

1:1) of the extract gave N-(4-hydroxyphenyl)-2-aza-[3]-ferrocenophane as yellow
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powder (0.65 g, 20%). 'H NMR (400 MHz, in CDCI; at 25 °C): & 6.93, 6.80 (d, 4H,
CeHs, J =8 Hz), 4.10, 4.08 (d, 8H, Cp, J =1 Hz), 3.69 (s, 4H, Cp-CH,-N and OH).

Preparation of N-(4-aminophenyl)-2-aza-[3]-ferrocenophane (6b)

To an NMP (8 mL) solution of RuCl,(PPhs); (86 mg, 0.10 mmol) was added
p-phenylenediamine (216 mg, 2.0 mmol) and then 1,1’-ferrocenedimethanol (492
mg, 2.0 mmol) at room temperature under nitrogen atmosphere. The mixture was
heated for 12 h at 180 °C. After removal of the solvent under vacuum, the
product was extracted with CHCIl;. Column chromatography (silica gel; CHCIs) of
the extract gave N-(4-aminophenyl)-2-aza-[3]-ferrocenophane as yellow powder
(92 mg, 14%). Anal. Calcd. for CigHigFeN,: C, 68.38; H, 5.10; N, 8.86. Found
for C, 67.95; H, 5.38; N, 8.21. *H NMR (400 MHz, in CDCl; at 25 °C): & 7.32 (d,
2H, CgHa, J = 6 Hz), 7.26 (d, 2H, CeHa4, J = 6 Hz), 6.89 (s, 2H, NH,), 4.43, 4.33 (s,
8H, Cp), 4.07 (s, 4H, Cp-CH,-N). **C{*H} NMR (100 MHz, in CDsCN at 25 °C): &
140.9, 131.0, 130.6, 128.5, (CsHJ), 77.5, 72.6, 71.7 (Cp), 48.3 (Cp-CH,-N).

Preparation of N-(4-aminophenyl)-2-aza-[3]-ferrocenophane (7)

To an NMP (8 mL) solution of RuCly(PPh3); (86 mg, 0.1 mmol) was added
p-aminophenol (0.30 g, 2.0 mmol) and then 1,1’-ferrocenedimethanol (0.49 mg, 2.0
mmol) at room temperature under nitrogen atmosphere. The mixture was heated
for 12 h at 180 °C. After removal of the solvent under vacuum, the product was
extracted with CHCI;. Column chromatography (silica gel; CHCIs: methanol =
95:5) of the extract gave a dark brown solid which was recrystallized from a
dichloromethane-methanol mixture to afford N-(4-aminophenyl)-2-aza-[3]-

ferrocenophane as orange crystals (33 mg, 5%).

Preparation of N-(4-bromophenyl)-2-aza-[3]-ferrocenophane (8a)

To an NMP (5 mL) solution of RuCl,(PPh3); (139 mg, 0.15 mmol) was
added 4-bromoaniline (571 mg, 3.3 mmol) and then 1,1'-ferrocenedimethanol (817
mg, 3.3 mmol) at room temperature under nitrogen atmosphere. The mixture was
heated for 24 h at 180 °C. After removal of the solvent under vacuum, the

product was extracted with acetone. Column chromatography (silica gel; hexane:
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ethyl acetate=1:1) of the extract gave a yellow solid which was recrystallized from
a dichloromethane-methanol mixture to afford N-(4-bromophenyl)-2-aza-[3]-
ferrocenophane as yellow crystals (934 mg, 70%).  Anal. Calcd. for C;gH;sFeNBr:
C, 56.58; H, 4.22; N, 3.67; Br, 20.91. Found for C, 56.85; H, 4.06; N, 3.69; Br,
21.21. *H NMR (400 MHz, in CDCl; at 25 °C): & 7.32 (d, 2H, o-, BrCgH., J =9 Hz),
6.83 (t, 2H, m-, Br CsH4, J =9 Hz), 4.17, 4.06 (t, 8H, Cp, J =2 Hz), 3.84 (s, 4H,
Cp-CH,-N). BC{*H} NMR (100 MHz, in CDCl; at 25 °C): & 148.3 (p-, Br CgH.,),
132.1 (o-, Br CgH,4), 115.0 (m-, Br CgHy), 113.1 (ipso, Br CgHy), 84.0 (Cp-CH,-),
70.0, 69.3 (Cp), 46.1 (Cp-CH,-N).

Preparation of N-(3-bromophenyl)-2-aza-[3]-ferrocenophane (8b)

To an NMP (5 mL) solution of RuCl,(PPhs); (139 mg, 0.15 mmol) was
added 3-bromoaniline (571 mg, 3.3 mmol) and then 1,1’-ferrocenedimethanol (817
mg, 3.3 mmol) at room temperature under nitrogen atmosphere. The mixture was
heated for 24 h at 180 °C. After removal of the solvent under vacuum, the
product was extracted with acetone. Column chromatography (silica gel; hexane:
ethyl acetate=1:1) of the extract gave a yellow solid which was recrystallized from
a dichloromethane-methanol mixture to afford N-(3-bromophenyl)-2-aza-[3]-
ferrocenophane as yellow crystals (907 mg, 68%). Anal. Calcd. for CigH;sFeNBr:
C, 56.58; H, 4.22; N, 3.67; Br, 20.91. Found for C, 56.82; H, 4.31; N, 3.65. 'H
NMR (400 MHz, in CDCl; at 25 °C): & 7.09 (d, 1H, o-, BrC¢H4, J =7 Hz), 7.08 (dd,
1H, m-, Br C¢Hg4, J =7 Hz), 6.85 (s, 1H, o-, Br CsH,4), 6.84 (d, 1H, p-, Br CsHy4, J =7
Hz), 4.18, 4.06 (t, 8H, Cp, J =2 Hz), 3.84 (s, 4H, Cp-CH,-N). C{*H} NMR (100
MHz, in CDCl; at 25 °C): d 150.4 (m-, Br CgH4-N), 130.6 (m-, Br CsH,4), 123.7 (ipso,
Br CgHa), 119.8 (0-, Br CgH4), 115.9 (0-, Br CgHa-N), 111.7 (p-, Br CgHa), 83.8
(Cp-CH,-), 69.9, 69.3 (Cp), 46.0 (Cp-CH,-N).
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Preparation of N-{4-(phenylazo)phenyllaminophenyl-2-aza-[3]-
ferrocenophane (9a)

A mixture of N-(4-bromophenyl)-2-aza-[3]-ferrocenophane (8a) (382 mg,
1.0 mmol) and 4-phenylazodiphenylamine (273 mg, 1.0 mmol) was dissolved in
toluene (20 mL). NaO-t-Bu (145 mg, 1.5 mmol), Pd,(dba); (12 mg, 0.013 mmol),
and P(t-Bu); (15 mg, 0.075 mmol) were added to the solution. This solution was
stirred at 100 °C for 40 h under argon. After cooling, reaction mixture was
quenched by adding NH;OH. The product was extracted by CHCI; and purified by
column chromatography (silica gel; hexane:CHCI;=1:1) to give a red-orange solid.
Recrystallization from a CHClz/hexane mixture gave 9a as red crystals (471 mg,
82%). Anal. Calcd. for CssHszoFeN,: C, 75.26; H, 5.26; N, 9.75. Found for C,
74.99; H, 5.17; N, 9.71. *H NMR (400 MHz, in CDCl; at 25 °C): & 7.85 (d, 2H, o-,
CeHsN=N, J =9 Hz), 7.80 (d, 2H, 0-, CsH4sN=N, J =9 Hz), 7.49 (t, 2H, m-, C¢HsN=N-,
J =7 Hz), 7.41 (t, 1H, p-, CeHsN=N-, J =7 Hz), 7.31 (t, 2H, m-, C¢HsN-, J =7 Hz),
7.21 (d, 2H, m-, CsH4N=N-, J =7 Hz), 7.09 (d, 5H, o-, CH,NCgH,4, 0- and p-,
-NCgHs), 6.95 (d, 2H, m-, CH,NCeHa, J =9 Hz), 4.22, 4.11 (d, 8H, Cp, J =2 Hz),
3.86 (s, 4H, Cp-CH,-N). BC{*H} NMR (100 MHz, in CDCIl; at 25 °C): & 153.1,
151.1, 147.3, 147.0, 146.5, 136.7, 129.9, 129.3, 128.9, 128.1, 124.8, 124.2, 123.5,
122.4, 119.9, 115.1, 83.4 (Cp-CH;-), 70.0, 69.4 (Cp), 45.8 (Cp-CH,-N).

Preparation of N-{3-(phenylazo)phenyllaminophenyl-2-aza-[3]-
ferrocenophane (9b)

A mixture of N-(3-bromophenyl)-2-aza-[3]-ferrocenophane (8b) (382 mg,
1.0 mmol) and 4-phenylazodiphenylamine (273 mg, 1.0 mmol) was dissolved in
toluene (20 mL). NaO-t-Bu (145 mg, 1.5 mmol), Pd,(dba); (12 mg, 0.013 mmol),
P(t-Bu); (15 mg, 0.075 mmol) were added to the solution. This solution was
stirred at 100 °C for 40 h under argon. After cooling, reaction mixture was
quenched by adding NH,OH. The product was extracted by CHCI; and purified by
column chromatography (silica gel; hexane: CHCI;=1:1) to give a red-orange solid.
Recrystallization from a CHClz/hexane mixture gave 9b as red crystals (448 mg,
78%). Anal. Calcd. for CysHszoFeN,: C, 75.26; H, 5.26; N, 9.75. Found for C,
75.14; H, 5.13; N, 9.65. 'H NMR (400 MHz, in CDCl; at 25 °C): & 7.87-6.55
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(aromatic region), 4.17, 4.07 (d, 8H, Cp, J =2 Hz), 3.81 (s, 4H, Cp-CH,-N).
3C{*H} NMR (100 MHz, in CDCl; at 25 °C): & 153.0, 150.7, 150.4, 148.2, 147.0,
130.4, 130.1, 129.4, 129.0, 125.4, 124.2, 123.9, 122.5, 121.3, 115.5, 111.1, 109.7
(aromatic region), 84.3 (Cp-CH,-), 69.9, 69.2 (Cp), 45.9 (Cp-CH,-N).

Kinetic Measurement.

A toluene solution of 9a or 9b (0.03 mM) were oxidized by passing the flow
electrolysis system. The solution in a quartz cell was irradiated at 420 nm using
Xe lamp filtered by color glass filter for 30 min at 20 °C. The spectroscopic
change was measured by increase of the absorption at 430 nm. The results are

shown in Figure 3-12, 3-13.

g 40d

Preparation of 10a

A 6 mL of methanol solution containing 6b (32 mg, 0.1 mmol) and
2-benzaldehyde (10 pL, 0.1 mmol) was stirred for 5 h at 80 °C. The product was
evaporated to give a yellow residue and purified by column chromatography (silica
gel; CHCI;3) to give a yellow powder. Recrystallization from a CHCls/methanol
mixture gave 10a as orange crystals (30 mg, 74%). *H NMR (400 MHz, CDsCI, .
t.): 3 8.54 (s, 1H, -CH=N-), 7.88 (d, 2H, 0-CgHs), 7.43, 7.16 (m, 4H, m- or p-CeHs),
7.27 (d, 2H, 0-, Fc-N-CgHy4, J = 9), 6.98 (d, 2H, m-, Fc-N-C¢Hy4, J = 9), 4.19, 4.06 (d,
8H, Cp, J =2 Hz), 3.89 (s, 4H, Cp-CH,-N).

Preparation of 10b

A 6 mL of methanol solution containing 6b (32 mg, 0.1 mmol) and
2-benzaldehyde (15 mg, 0.1 mmol) was stirred for 5 h at 80 °C. The product was
evaporated to give a yellow residue and purified by column chromatography (silica
gel;, CHCI;3) to give a yellow powder. Recrystallization from a CHCls/methanol
mixture gave 10b as orange crystals (22 mg, 49%). 'H NMR (400 MHz, CDsCl, .
t): & 8.62 (s, 1H, -CH=N-), 8.29 (d, 2H, 0-NO,-CeH,, J = 9), 8.03 (d, 2H,
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m'NOQ'C6H4, J= 9), 7.35 (d, 2H, 0-, FC'N'C6H4, J= 9), 6.99 (d, 2H, m-, FC'N'C6H4,
1=9),4.19, 4.06 (d, 8H, Cp, J =2 Hz), 3.93 (s, 4H, Cp-CHy-N).

Preparation of 10c

A 6 mL of methanol solution containing 6b (32 mg, 0.1 mmol) and
2-thiophenecarbaldehyde (50 pL, 0.5 mmol) was stirred for 5 h at 80 °C. The
product was evaporated to give a yellow residue and purified by column
chromatography (silica gel; CHCI;) to give a yellow powder. Recrystallization
from a CHCly/methanol mixture gave 10c as orange crystals (12 mg, 29%). 'H
NMR (400 MHz, CD3ClI, r. t.): o 8.64 (s, 1H, -CH=N-), 7.26, 7.22 (d, 2H, 3- or
5-C4H3S, J = 2), 7.11 (dd, 1H, 4-C,H,S, J = 2), 6.96 (d, 2H, m-, Fc-N-CeHa, J = 9),
4.18, 4.05 (d, 8H, Cp, J =2 Hz), 3.88 (s, 4H, Cp-CH,-N).

Preparation of 10d

A methanol solution containing 6b (95 mg, 0.3 mmol) and
2-pyridinecarbaldehyde (32 mg, 0.3 mmol) was stirred for 5 h at 80 °C. The
product was evaporated to give a yellow residue and purified by column
chromatography (silica gel; CHCI;) to give a yellow powder. Recrystallization
from a CHCly/methanol mixture gave 10d as orange crystals (30 mg, 25%). 'H
NMR (400 MHz, CDsCl, r. t.): 8 8.54 (s, 1H, -CH=N-), 7.88 (d, 2H, 0-CgHs), 7.43,
7.16 (m, 4H, m- or p-Cg¢Hs), 7.27 (d, 2H, o-, Fc-N-CgHa, J = 9), 6.98 (d, 2H, m-,
Fc-N-CeHa, J = 9), 4.19, 4.06 (d, 8H, Cp, J =2 Hz), 3.89 (s, 4H, Cp-CH,-N).
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Table S-1. Crystallographic Data and Details of Refinement for 4c,
[DB24C8<2a], and [(DB24C8),+2c].
4c [DB24C8¢2a] [(DB24C8),¢2c]
chemical formula C,gHysFeN, CusHsaFsFENOgP  CogHqigsFEeN,P2F15,047
formula wt 448.39 913.71 1699.47
cryst system monoclinic triclinic triclinic
space group P21/c (No. 14) P1 (No. 2) P1 (No. 2)
a, A 5.9651(11) 10.1889(13) 10.568(7)
b, A 13.627(2) 11.050(3) 18.641(12)
c, A 27.819(8) 19.460(2) 22.41(2)
a, deg 87.09(3) 78.21(3)
B, deg 102.955(12) 98.43(2) 102.955(12)
y, deg 89.02(2) 69.27(2)
v, A® 2203.7(8) 2135.1(7) 4031.6(47)
z 4 2 2
u, cm™ 7.02 4.69 3.22
F(000) 944.00 956.00 1784.00
Dealed, § €M™ 1.351 1.421 1.400

cryst size, mm
Exposure Rate, s/°
no. of unique reflns
no. of used refins
(1> 30a(l))

no. of variables

R

Rw

GOF

0.50 x 0.20 x 0.20
30

4909

3355

308
0.037
0.050

1.00

0.50 x 0.20 x 0.15
30

8838

5174

595
0.063
0.090

0.95

0.30 X 0.10 X 0.10
60

16527

6515

1013
0.156
0.171

2.38
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Table S-2. Crystallographic Data and Details of Refinement for 7 and 10c.

7 10c
chemical formula CioHigFeN C,3HigFeN,PS
formula wt 330.204 411.32
cryst system monoclinic monoclinic

space group
a, A

b, A

c, A

a, deg

B. deg

y, deg

v, A®

y4

u, cm™

F(000)

Deatca, 9 €M™
cryst size, mm
20range, °

Scan Rate, °/min
no. of unique reflns
no. of used refins
(1> 3a(1))

no. of variables
R

Rw

GOF

P21/c (No. 14)
8.433(3)
12.058(7)
15.158(4)

102.23(3)

1506(1)

4

9.98

696

1.465

0.60 x 0.60 x 0.50
5.0-55.0

16

3622

2241

279
0.059
0.059

3.01

P21/c (No. 14)
14.598(3)
12.985(2)
19.460(2)
10.729(3)
109.84(2)

1913.0(7)
4

9.06
852.00
1.428

0.50 x 0.20x 0.10

4481
1354

244
0.047
0.034

1.64
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