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1 HZN_@_ = __TiCle DABCO
| PhCl, 125 °C, 15 h
L P

Acid _ _ _ .
Ph,C=0 + PhNH, Ph,C=NPh OO0 "29° Rt
1 2 2h 3 4 (OPA4), 12%

OPA

TiCl,, DABCO 2, TiCly

Run Acid (equiv) Solvent T°C Yield, % 1+4
PhCI, 125°C,3h 4h
1 PTS (0.10) pXylene 140 19
2 TiCly (0.75) Chlorobenzene 125 91
C=N‘<©~C=N}©—02N
o 0”0
n=2(OPAZ), 24%
OPA' 3 (OPA3), 22%

Scheme 1.1: 0000D0DODOO0O0O0ODOOOOOB!
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000000000000 000MO000000000000000000000000o0o0o0oootag

HoN—Ar—NH, + OHC—Ar—CHO M0 {—Ar—CH:N—Ar'—N:CH}—
n (1.1)
00000000000 DOOo0bOO0o0oOo0o0Do0oooooDobOOo0oOOo0obOo0oooooDbOOoooonD 2roo0on
gdododoooooooooodoooooooooodoooooooooooooooOobo0ooouoooa
go0ooooooooooboooobooboouooooooouooooooooooooOooooooooo
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-ROH
H,N—Ar—NH, + (RO),HC—Ar—CH(OR), —éAr—CH::N—Aﬂ—N::CH}—
n

HoN—Ar—NH;  + RN—HC—Ar—CH=NR R —{—AP—CH::N—Ar—N::CH>——

n (1.2
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Run R Acid (equiv.) Yield, %

HzNO?=O ﬂ, C=N 1 Me TiClg (0.75)2 o
R |

R 2 Ph TiCl4 (0.75) 20°

[Monomer] = 0.1 M CPA 3 —@—NH(/H)CWI) TiCl, (0.75)° 49
4 —@Nmoctynz TiCl, (0.75)° 92
5 Me PTS (0.05)° o°
@ Solv.: chlorobenzene, 125°C, 15h.
® Solv.: p-xylene, 140°C, 16h. 6 Ph PTS(0.05)° 90
Cc :
g The other products were the pglymerlc compounds. 7 <:> NH(moctyl)  PTS (0.05)° 32
The other products were the oligomers up to pentamer.

@

—Q—N(n-ﬁdynz PTS (0.05)° trace?

Scheme 1.2: OO0 0OO0O00OOO0OO0OOOOOOODOOOOO

0000000000000000 Meyer® M 0000000000 DOOD0OO0O00O0OO0O0OCPADODODOO
ODO0OO0ED ZO00OO00DO00O00O0000000000000000000000000000000000000
O0000000000000000000000000000000000O0O000000000000 EOO
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0004 000000000000000000000000000D000O00000TOFO0 MSOOOOOOO
D000000000000000000000 (Scheme 1.2, Runs 1, 5) 0 000000000000a 0000
D00000000000 4000000000000000000000000D0O0D0O0O0O0D0O0O0O00O000
00000000000 0000000 3000CPA30D0 2000000000000000000000000
0 (Run2)000000000000 CPAOOCOODOOOCOeO0000O00OOOOOOOOOOOOOOOOO
O0000000040000040000000000000000000000 CPA30490000000
0 (Run3)0400000 400000000000000000000000 92000000000 (Run 4)0
DDoooooooooooooooM popooooooooooo®®ooooDo00oD0000O0ODoO0Ono
0000000000 00000D00000000000000000.1MO0O0O0O0O00D0OO00D0O 300000
D000000000000000000000000000000000000000000 20000000
0000000000000 00000000400000000000000003000000000PTSO
000000000000009 000000000 (Run6)00000000000000O00O0O0O0OOO0
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O0OO0DD00O000000OOPA3D 10000000000 200000000000000BCNMROOO
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010100000000PA4D0 10000000000 300000000000 000203.290203.110202.890
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600 700

r T T 1
210 200 190 180
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Scheme 2.6: Synthesis of Multifunctional Cyclic Phenylazomethines(CPAa)
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e [0 2.1: (a)TOF-MS spectrum and (b) GPC analysis of the crude products during during the polymerization
of 4,4’-diaminobenzophenone in the presence of TiCly(THF )
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e [1 2.3: TOF-MS spectrum of the crude solution in the synthesis of CPA-2a and -1a.
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e [0 2.4: (a) Highly selective synthesis of DPA-C G3 via controlled cyclization cyclization and (b) the TOF-
MS spectrum of DPA-c¢ G3 ([M+H]*=4302)
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Synthesis of CPA-3a. TiCly (0.270 g, 1.42 mmol) was added to a mixture of 4,4’-diaminobenzophenone
(0.600 g, 2.83 mmol) and 1,4-diazabicyclo [2.2.2]octane(DABCO) (1.28 g, 11.4 mmol) in anhydrous THF (100
mL) under a nitrogen atmosphere. White fumes were generated upon the addition of TiCly. The reaction
mixture was heated in an oil bath at 90 O for 5 h. After cooling, TiCly (0.270 g, 1.42 mmol) and DABCO
(1.28 g, 11.4 mmol) were further added in the reaction mixture, and the solution was heated again in an
oil bath at 90 O for 10 h. Disappearance of the monomer was confirmed on TLC, and the precipitate was
removed by filtration. The filtrate was concentrated; CPA-3a (0.108 g, 0.19 mmol, 20by silica gel column
chromatography (dichloromethane:ethyl acetate = 1:0-1:2, including 1 O Et3N, Rf = 0.3 in the solution of
ethyl acetate:dichloromethane = 1:2). CPA-3a: 'H NMR (270 MHz, DMSO-dg, TMS standard, ppm): 7.43
(d, J = 8.4 Hz, 6H), 6.68 (d, J = 8.1 Hz, 6H), 6.56 (d, J = 8.4 Hz, 6H), 6.39 (d, J = 8.1 Hz, 6H), 5.76
(s, 6H). *C NMR (67.5 MHz, DMSO-dg, TMS standard, ppm): & 169.36, 152.54, 151.77, 130.50, 130.32,
127.57, 125.32, 119.55, 112.81. IR, (KBr): 3457 (as NHy), 3376 (s NHy), 1623 (C=N), 1586 (phenyl). EI-MS
582 [M]*. HRMS caled for C39H3oNg: 582.2532. Found: 582.2528.

Synthesis of CPA-2a. TiCly (1.01 g, 5.30 mmol) was added to a mixture of 4,4’-diaminobenzophenone (1.00
g, 4.71 mmol), 4-aminobenzophenone (0.47 g, 2.36 mmol), and DABCO (2.38¢, 21.2 mmol) in anhydrous
THF (250 mL) under a nitrogen atmosphere. White fumes were generated upon the addition of TiCly. The
reaction mixture was heated in an oil bath at 90 O for 5 h. After cooling, TiCly (2.02 g, 10.6 mmol) and
DABCO (4.76 g, 42.4 mmol) were further added in the reaction mixture, and the solution was heated again
in an oil bath at 90 O for 10 h. Disappearance of the monomers was confirmed on TLC, and the precipitate
was removed by filtration. The filtrate was concentrated; CPA-2a (0.118 g, 0.21 mmol, 11 O yield) was
isolated by silica gel column chromatography (dichloromethane:ethyl acetate = 1:0-3:1, including 1 0 Et3N,
Rf = 0.5 in the solution of ethyl acetate:dichloromethane = 1:2). CPA-2: 'H NMR (270 MHz, DMSO-dg
, TMS standard, ppm): & 7.75(d, J=7.0Hz, 2H), 7.52 (t, J=7.2Hz, 1H), 7.46 (dd, 7.0Hz, 2H), 7.43 (d, J=
8.6Hz, 4H), 6.74(d, J=8.4Hz, 2H), 6.72(d, J=7.8Hz, 2H), 6.67 (d, J=8.1Hz, 2H), 6.56 (d, J= 8.6Hz, 4H),
6.45 (d, J= 8.6Hz, 2H), 6.42(d, J=8.6Hz, 2H), 6.39(d, J=8.1Hz, 2H), 5.78 (s, 4H). 13C NMR (67.5 MHz,
DMSO-dg , TMS standard, ppm): & 169.82, 169.10, 168.82, 152.68, 152.17, 151.48, 151.39, 137.59, 130.91,
130.70, 130.22, 130.01, 129.35, 128.25, 128.03, 127.36, 127.29, 127.23, 125.20, 119.48, 119.22, 118.59, 112.62.
IR (KBr): 3462 (v 4,NH,), 3374 (v ,NHdown2), 1621 (v C=N), 1587 (phenyl). FAB-MS 568 [M]*. HRMS
Caled for CggHogs: 567.2423. Found: 567.2420.

Synthesis of CPA-la. TiCly (0.810 g, 5.70 mmol) was added to a mixture of 4,4’-diaminobenzophenone
(0.538 g, 2.53 mmol), 4-aminobenzophenone (1.00 g, 5.07 mmol), and DABCO (1.28g, 11.4 mmol) in
anhydrous THF (270 mL) under a nitrogen atmosphere. White fumes were generated upon the addition of
TiCly. The reaction mixture was heated in an oil bath at 90 O for 5 h. After cooling, TiCly (0.540 g, 3.38
mmol) and DABCO (1.28 g, 11.4 mmol) were further added in the reaction mixture, and the solution was
heated again in an oil bath at 90 O for 10 h. Disappearance of the monomers was confirmed on TLC, and
the precipitate was removed by filtration. The filtrate was concentrated; CPA-1a (0.264 g, 0.481 mmol, 19
0 yield) was isolated by silica gel column chromatography (ethyl acetate : hexane = 1:3-1:1, including 1
O Et3N, Rf = 0.6 in the solution of ethyl acetate : dichloromethane = 1:2). CPA-la: 'H NMR, (270 MHz,
DMSO-dg , TMS standard, ppm): & 7.77(d, J=6.8Hz, 4H), 7.55 (t, J=7.0Hz, 2H), 7.48 (dd, 6.8, 7.0Hz,
4H), 7.44 (d, J= 8.4Hz, 2H), 6.83(d, J=8.1Hz, 2H), 6.77(d, J=8.1Hz, 2H), 6.75 (d, J=8.1Hz, 2H), 6.57 (d,
J= 8.4Hz, 2H), 6.52 (d, J= 8.1Hz, 2H), 6.48(d, J=8.1Hz, 2H), 6.45(d, J=8.1Hz, 2H), 5.79 (s, 2H). 13C NMR
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(100 MHz, DMSO-dg , TMS standard, 50 O, ppm): & 169.85, 169.58, 168.86, 152.58, 151.87, 151.38, 137.45,
130.87, 130.69, 129.95, 129.32, 128.19, 127.99, 127.27, 125.03, 119.41, 118.77, 118.51, 112.56; IR (KBr): 3461
(v 4sNHa2), 3345 (v 4N3), 1611 (v C=N), 1588 (phenyl). FAB-MS 552 [M]*. HRMS Calcd for C39HagNs:
552.2314. Found: 552.2311.
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Section 2.2
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e [0 2.5: THNMR spectra (270 Hz, DMSO-dg) of (a) CPA-3a, (b)CPA-2a, (c)CPA-1la. The marked peaks(*)
are attributed to the protons at the three phenyl rings forming the cyclic structure of CPAa.
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e [ 2.6: UV-vis spectra of (a) CPA-3a, (b)CPA-2a, (¢)CPA-1a, and (d)CPA-0a in trifluoroacetic acid.
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NH,*

Scheme 2.7: Resonance of CPA-3a in Trifluoroacetic Acid
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e [0 2.7: ORTEP figure of CPA-3a with 30 O elliosoid(hydrogen atoms are ommitted). (a) Top view and
(b) side view. Selected angles: N1-C7-C25, 122.0(6)° ; C7-N1-C10, 120.0(6)° ; N2-C8-C13, 123.6(6)° ;C8-
N2-C16, 118.6(5)° ; N3-C9-C19, 122.3(6)° ; C9-N3-C22, 120.9(6)° .

10The positions of the amino hydrogen atoms were not de-
cided from the D synthesis in the X-ray crystal analysis
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000000 CPA-3a0  crystal description, O platelet; monoclinic; Space group, P 21/n; Crystal color,
yellow; a=34.49(1) O, b=10.898(5) O, ¢=9.282(3) 0, U=3486(2) O 3. B =91.74(3)° . R=0.086 wR=0.339.
7=4.
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Section 2.3
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e [J 2.8: Kinetic analysis using GPC in the polymerization of DPA-C G1 dendron. (a) GPC elution curves
at the reaction time for 0, 1, and 9 min. and (b) the TOF-MS spectrum of the trimer. (c¢) The relationship
between the yields of DPA-C G1, the G1 dendron, and linear dimer and the reaction time.
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Section 3.1
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Scheme 3.8: Synthesis of CPAn-ashs
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0CPAn-a;b, 0000000 1,4-dibenzoylbenzene (807 mg, 2.83 mmol), 1,4- phenylenediamine (305 mg,
2.83 mmol), and 1,4- diazabicyclo[2.2.2]octane (DABCO) (1.90 g, 17.0 mmo) were dissolved in chlorobenzene
(200 mL). TiCl4 (802 mg, 4.24 mmol) was added in a dropwise manner. The dropping funnel was rinsed
with chlorobenzene (5 mL). The reaction mixture was heatedin an oil bath at 125 O for 4 h. After cooling,
TiCly (535 mg, 2.82 mmol) and DABCO (1.27 g, 11.3 mmol) were further added in the reaction mixture, and
the solution was heated again at 125 O for 12 h. After cooling again, 1,4- phenylenediamine(153 mg, 1.41
mmol), TiCly (401 mg, 2.11 mmol), and DABCO (952 mg, 8.49 mmol) were further added in the reaction
mixture, and the solution was heated again at 125 O for 12 h. Disappearance of the monomers was confirmed
on TLC, and the precipitate was removed by filtration. The filtrate was concentrated; CPAn-ashy (n = 4, 6,
8, 10, 12, 14, 16, 18, and >20) were isolated in (135, 231, 162, 109, 77, 56, 49, 34, and 62 mg (13, 26, 16, 11,
8, 6, 5, 3, and 6by gel permeation chromatography.

CPA4-asby: 'HNMR (400 MHz, CDCl;, TMS) & 7.78 (d, 2H, J=6.8 Hz), 7.47 (t, 4H, J=6.8 Hz), 7.42
(dd, 8H, J= 6.8, 6.8 Hz), 7.23 (s, 8H), 6.76 (s, 8H); 3 CNMR(100 MHz, CDCl3, TMS) 5 164.38, 145.06,
139.85, 136.93, 130.38, 129.37, 128.84, 128.00, 123.81; IR (KBr, cm~') 1604 (C=N), 1591 phenyl), 1488, 849,
692; TOF-MS 716 [M]". Anal. Calcd for C52H3gNy: C, 87.12; H, 5.06; N, 7.82C, 87.18, H, 4.76; N, 7.80

CPAG6-agby: 'HNMR (400 MHz, CDClz, TMS) & 7.79-6.41 (m, 54H)0 as a mixture of E/Z-isomers(;
13C NMR(100 MHz, CDCls, TMS) 3 167.75, 167.73, 167.58, 167.52, 167.19, 167.16, 166.60, 148.17, 147.11,
147.05, 146.75, 146.71, 146.51, 146.46, 146.43, 146.34, 145.95, 139.66, 139.63, 139.58, 139.40, 139.09, 138.22,
138.13, 137.56, 137.23, 163.45, 136.07, 136.04, 130.75, 130.76, 130.72, 130.66, 130.59, 129.87, 129.76, 129.69,
129.44, 129.34, 129.32, 129.25, 129.16, 129.08, 129.03, 128.89, 128.86, 128.59, 128.54, 128.44, 128.37, 128.30,
128.24, 128.19, 128.15, 128.00, 127.94, 127.90, 122.36, 121.84, 121.79, 121.72, 121.64, 121.58, 121.37, 121.18,
119.760 as a mixture of E/Z-isomers0 IR, (KBr, cm~!) 1606 (C=N), 1595(phenyl), 1491, 841, 694; TOF-MS
1075 [M]*.Anal. Calcd for C7sH54Ng: C, 87.12; H, 5.06; N, 7.82C, 86.72, H, 5.14; N, 7.69

CPAB8-asby: IR (KBr, cm™!) 1607 (C=N), 1597 (phenyl), 1491, 841, 695; TOF-MS 1433 [M]*. Anal. Calcd
for Cy194H72 Ng: C, 87.12; H, 5.06; N, 7.82

CPA10-azbs: IR (KBr, cm~1) 1608(C=N), 1597(phenyl), 1491, 841, 695; TOF-MS 1792 [M]*. Anal. Calcd
for C130HgoN19+H20: C, 86.16; H, 5.21; N, 7.59

CPA12-asbs: IR (KBr, em~1) 1608(C=N), 1596(phenyl), 1490, 841, 696; TOF-MS 2150 [M]*.

CPA14-asbs: IR (KBr, cm™1) 1609(C=N), 1595(phenyl), 1490, 841, 697; TOF-MS 2509 [M]*.

CPA16-azbs: IR (KBr, cm™!) 1609(C=N), 1595(phenyl), 1491, 841, 697; TOF-MS 2867 [M]*.

CPA18-azby: IR (KBr, cm™!) 1609(C=N), 1595(phenyl), 1490, 841, 698; TOF-MS 3225 [M]*.
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Total n=3 4 5 6 7 8 9 >10 © n
84 59 trace 3 9 4 2 3 4

Br

CPAn-ab, 84%

e [0 3.1: CPAn-ab-Br0 QO

O000000ABOOOOOOOOOOOOOODODOOOOOOOOOOOOODOOOOOO300000
000000000 THFOOOODOOOODOOODOOODO0O0ODO0O000000000000 8400000000
O00000000ooo000ooodoo0ooooo0o HCloDooooooooooooooooooo
go000000000oooolooDiidd0oOooo0ooOoDOoOoABOOOOOO300000O0OOOODOOO
ooboooboboobooboooobboobooon
0OCPAn-AB-Br0000000 4-amino-4’-bromobenzophenone (1.00 g, 3.62 mmol) and DABCO (1.22 g, 10.9
mmol) were dissolved in chlorobenzene (130 mL). Titanitm(IV) tetrachloride (515 mg, 2.72 mmol) was added
in a dropwise manner. The dropping funnel was rinsed with chlorobenzene (5 mL). TLe reaction mixture
was heated in an oil bath at 125 O for 4 h. After cooling, TiCly (343 mg, 1.81 mmol) and DABCO (812 mg,
7.24 mmol) were further added in the reaction mixture, and the solution was heated again at 125 O for 12 h.
After cooling again, TiCly (343 mg, 1.81 mmol) and DABCO (812 mg, 7.24 mol) were further added in the
reaction mixture, and the solution was heated again at 125 O for 12 h. Disappearance of the monomers was
confirme on TLC, and the precipitate was removed by filtration. The filtrate was concentrated; CPAn-ab-Br
(n=3,4,5, 6,7, 8,9, and 10) were isolated in 549, trace, 27, 88, 35, 20, 24, and 34 mg (59, trace, 3, 9, 4,
2, 3, and 4 O yields), respectively, by gel permeation chromatography.

CPA3-ab-Br: 'H NMR (400 MHz, CDCl3,TMS) & 7.76 (d, 6H J=8.4 Hz), 7.59 (d, 6H, J=8.4 Hz), 6.79
(d, 6H, J=8.4 Hz), 6.50 (d, 6H J=8.4 Hz); **C NMR. (100 MHz, CDClz, TMS) & 170.18, 153.67, 138.15,
132.06, 131.32, 131.12, 128.70, 126.24, 120.06; IR(KBr, cm~1) 1609 (C=N), 1600, 1583 (phenyl), 1304, 844;
TOF-MS 773 [M+2]" (95), 775 [M+4]* (100).

CPA5-ab-Br: IR(KBr, ecm™1) 1616 (C=N), 1582 (phenyl), 1558, 1307, 839; TOF-MS 1289 [M+2]* (35),
1291 [M+4]* (100), 1293 [M+6]T (30).

CPAG-ab-Br: 'H NMR (400 MHz, CDCl3, TMS) & 7.75 (d, 4H, J=8.4 Hz), 7.58 (d, 4H, J= 8.4Hz), 7.55
(d, 4H, J=8.4 Hz), 7.54 (d, 4H, J=8.8 Hz), 7.50 (d, 4H, J=8.8 Hz), 7.08 (d, 4H, J=8.4 Hz), 7.00 (d, 4H,
J=8.4 Hz), 6.89 (d, 4H, J= 8.4 Hz), 6.80 (d, 4H, J= 8.4 Hz), 6.77 (d, 4H, J=8.4 H), 6.66 (d, 4H, J=8.4 Hz),
6.54 (d, 4H, J=8.4 Hz); *C NMR. (100 MHz, CDCl3, TMS) & 168.81, 167.47, 167.23, 153.52, 150.68, 139.09,
137.66, 134.50, 133.65, 131.62, 131.48, 131.34, 130.93, 130.82, 130.44, 129.04, 128.82, 126.25, 125.48, 123.21,
122.25, 121.96, 120.40; IR (KBr, cm~!) 1630 (C=N), 1604 (pheny1), 1505, 835, 701; TOF-MS 1549 [M+6]*.
Anal. Caled for C7gH4gNgBrg: C, 60.49, H, 3.12; N, 5.43. Found: C, 60.55; H, 2.88; N, 5.25.

CPAT7-ab-Br: IR(KBr, em™1) 1615 (C=N), 1582 (phenyl), 1558, 1308, 839; TOF-MS 1807 [M+8] . CPAS8-
ab-Br: IR(KBr, cm~1) 1615 (C=N), 1581 (phenyl), 1558, 1308, 839; TOF-MS 2065 [M+8]*. CPA9-ab-Br:
IR(KBr, cm~!) 1616 (C=N), 1582 (phenyl), 1559, 1308, 838; TOF-MS 2311 [M+38]T (80), 2313 [M+10]"
(100).

eee (1322000000000 00 ABOOOe @ e
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000000o00o0ooo0o0ooooTiC,L,0000ooo0ooooooooooo
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OCPAn-ABU0 000000 4-aminobenzophenone (4.14 g, 21.0 mmol) and DABCO (7.07 g, 63.0 mmol)
were dissolved in chlorobenzene (700 mL). Titanitm(IV) tetrachloride (3.00 g, 15.8 mmol) was added in a
dropwise manner. The dropping funnel was rinsed with chlorobenzene (5 mL). TLe reaction mixture was
heated in an oil bath at 125 O for 4 h. After cooling, TiCly (1.99 g, 10.5 mmol) and DABCO (4.71 g, 42.0
mmol) were further added in the reaction mixture, and the solution was heated again at 125 O for 12 h.
Disappearance of the monomers was confirmed on TLC, and the precipitate was removed by filtration. The
filtrate was concentrated; CPAn-ab (n = 3, 4, 5, 6, 7, 8, 9, and 10) were isolated in 1603, 239, 68, 478, 161,
75, 62, and 37 mg (43, 6, 2, 13,4, 2, 2, and 1 O yields), respectively, by gel permeation chromatography.

CPA3-ab: 'H NMR (400 MHz, CF3COOD,TMS) & 8.11 (t, 3H J=7.2 Hz), 8.03 (d, 6H, J=8.0 Hz), 7.82 (t,
6H, J=7.2 Hz), 7.70 (s, 12H); 13C NMR (100 MHz, CDCl3, TMS) & 187.12, 142.76, 141.78, 135.01, 133.90,
133.60, 132.69, 131.07, 129.63. TOF-MS; 538.47 [M]*.

CPA4-ab: 'H NMR (400 MHz, CDCl3,TMS) & 7.62 (d, 8H J=7.2 Hz), 7.44 (t, 4H, J=7.2 Hz), 7.40 (4,
8H, J=7.2 Hz), 7.19 (d, 8H, J=8.4 Hz), 6.82 (d, 8H, J=8.4 Hz); TOF-MS; 717.63 [M]". Anal. Calcd for
CsoHssNy: C, 87.12, H, 5.06; N, 7.82. Found: C, 86.89; H, 5.12; N, 7.59.

CPA5-ab: TOF-MS 896.76 [M]*. Anal. Calcd for Cg5HysN5+CH3OH: C, 85.41, H, 8.18; N, 7.66. Found:
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C, 85.54; H, 5.26; N, 7.43. TOF-MS; 896.76 [M]*.

CPA6-ab: 'H NMR (400 MHz, CDCls, TMS) & 7.86 (d, 4H, J=8.2 Hz), 7.68 (d, 4H, J= 7.6Hz), 7.59 (d,
4H, J=8.0Hz), 7.51 (t, 2H, J=7.2 Hz), 7.46 (d, 4H, J=8.0 Hz), 7.43 (t, 2H, J=8.0 Hz), 7.24 (t, 4H, J=8.0
Hz), 7.14 (t, 2H, J= 7.6 Hz), 7.04 (d, 4H, J= 8.4 Hz), 6.97 (¢, 4H, J=8.0 H), 6.91 (d, 4H, J=8.4 Hz), 6.54
(dd, 8H, J=8.4 Hz), 6.61 (d, 4H, J=8.8 Hz), 6.57 (d, 4H,J=8.4 Hz); '3C NMR (100 MHz, CDCl;, TMS)
5 169.60, 168.66, 168.08, 153.67, 153.24, 150.56, 140.331, 138.93, 135.82, 134.12, 131.80, 131.133, 130.56,
130.46, 130.34, 130.09, 129.40, 129.34, 129.10, 129.01, 128.55, 128.26, 128.03, 127.34, 122.34, 121.89, 120.34
; TOF-MS; 1076.94 [M+1]*. Anal. Calcd for C7sH54Ng+H20: C, 86.26, H, 5.12; N, 7.74. Found: C, 86.20;
H, 5.13; N, 7.78.

CPAT7-ab: TOF-MS 1255.07 [M]". Anal. Calcd for Cg;1Hg3N7+0.5H20: C, 86.50, H, 5.11; N, 7.76. Found:
C, 86.58; H, 5.06: N, 7.72.

CPA8-ab: TOF-MS 1434.15[M]*. Anal. Caled for Cy94H72Ng+0.5H0: C, 86.58, H, 5.10; N, 7.77. Found:
C, 86.55; H, 5.06; N, 7.71.

CPA9-ab: TOF-MS 1613.33 [M+1]". Anal. Calcd for Cq117Hg1 No+H20: C, 86.16, H, 5.13; N, 7.73. Found:
C, 86.26; H, 5.23: N, 7.61.
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(a) o (b)

e [J 3.8: ORTEP drawing of CPA3-ab with 20 O ellipsoid. (a) top view, (b) side view. Crystal Data; crystal
description, O prism; Trigonal; Space group, P-32/c; Crystal color, yellow; a=13.849 O (2), b=13.849 0 (2),
¢=53.016 0 (7), U=8805(2) O ® R=0.0536, wR=0.1921.
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e 0 3.9: ORTEP drawing of CPA4-ashby with 50 O ellipsoid. (a) top view, (b) side view. Crystal Data;
crystal description, prism; monoclinic; Space group, P 21/c¢ ; Crystal color, yellow; a=11.667 0 (3), b=25.356
0 (6), c=15.3550 (4), B = 96.906(14)° , U=4509.4(19) O 3 R=0.0635, wR=0.1721. Z=4, GOF=1.046
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(b)

e [0 3.10: ORTEP drawing of CPA4-ab with 50 O ellipsoid. (a) top view, (b) side view. Crystal Data;
crystal description, 0 prism; monoclinic; Space group, I-4; Crystal color, yellow; a=29.58 O (3), b=29.58 [
(3), U=4686(7) O ® R=0.0409 wR=0.0997. Z=4, GOF=1.037
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e [0 3.11: ORTEP drawing of CPA5-ab with 50 O ellipsoid. (a) top view, (b) side view. Crystal Data;
crystal description, prism; triclinic; Space group,P-1; Crystal color, yellow; a=10.0740 O (9), b=14.7724
0 (13), c=18.5673 0 (19), a =79.038(5)° , B =79.412(6)° , y =85.495(6)° , U=2663.8(14) O * R=0.0672,
wR=0.1899. Z=2, GOF=0.977
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3.12000

(b)

e [ 3.12: ORTEP drawing of CPA6-asbs with 200 ellipsoid. (a) top view, (b) side view. Crystal Data; crys-
tal description, O prism; trigonal; Space group, P-3cl; Crystal color, yellow; a=21.090(3) O, b=21.090(3) O,
c=15.77(1) O, U=6075.4(44) O * R=0.087, wR=0.201, Z=4, Da1c=1.176g 0 cm~t, y =0.069cm !, crystal
size 0.8x0.3x0.3 mm, 4674 reflections measured, S=1.57.
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OtBuOO ABOOOOODOOO  4-tert-Bu-benzoic acid (8.02g, 45.0 mmol) 000000 (107g) O 500mL O
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4-Amino-4’-tert-butyl-benzophenone: 'H NMR (400 MHz, CDCl, TMS) & 7.73 (d, 2H, J=8.4 Hz), 7.67
(d, 2H, J= 8.0Hz), 7.47 (d, 2H, J=8.4Hz), 6.67 (d, 2H, J=8.0 Hz), 4.14 (s(Br), 2H), 1.36 (s, 9H); 1*C NMR
(100 MHz, CDCls, TMS) & 194.92, 154.89, 150.64, 135.90, 132.75, 129.49, 127.64, 124.93, 113.54, 35.03,
31.23.

0 CPAn-ab-'bu0 000 4-Amino-4’-tert-butyl-benzophenone (2.00 g, 7.89 mmol) and DABCO (2.66 g, 23.7
mmol) were dissolved in chlorobenzene (260 mL). Titanitm(IV) tetrachloride (1.12 g, 5.92 mmol) was added
in a dropwise manner. The dropping funnel was rinsed with chlorobenzene (5 mL). TLe reaction mixture
was heated in an oil bath at 125 O for 4 h. After cooling, TiCly (749 mg, 3.95 mmol) and DABCO (1.77 g,
15.8 mmol) were further added in the reaction mixture. Disappearance of the monomers was confirmed on
TLC, and the precipitate was removed by filtration. The filtrate was concentrated; CPAn-ab-‘Bu (n = 3,
4, 5, and 6) were isolated in 1244, 164.5, 49.6, and 144.5 mg (67, 9, 3,and 8 O yields), respectively, by gel
permeation chromatography.

CPA6-ab-'Bu: 'H NMR (400 MHz, CDCls, TMS) & 7.83 (d, 4H, J=8.0 Hz), 7.62 (d, 8H, J= 8.4Hz), 7.48
(d, 4H, J=8.4 Hz), 7.37 (d, 4H, J=8.8 Hz), 7.05 (d, 4H, J=8.0 Hz), 6.96 (d, 4H, J=8.4 Hz), 6.87 (d, 4H,
J=8.8 Hz), 6.80 (s, 8H), 1.37 (s, 16H), 1.32 (s, 24H), 1.23 (s, 16H); *C NMR (100 MHz, CDCl3, TMS) &
169.49, 168.44, 168.25, 154.63, 153.94, 153.93, 153.56, 151.65, 137.61, 131.80, 130.64, 130.25, 130.00, 129.26,
129.22, 128.75, 125.25, 124.95, 124.03, 121.65, 120.41, 35.01, 34.89, 34.61, 31.27; TOF-MS 1413.60 [M+2]*.
Anal. Caled for Cyp2H102Ng: C, 86.77, H, 7.28; N, 5.92. Found: C, 86.57; H, 7.30; N, 5.84.
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CPA3-ab: TOF-MS 705.75 [M]". Anal. Calcd for C51Hs1N3: C, 86.77, H, 7.28; N, 5.92. Found: C, 86.30;
H, 7.44: N, 5.80.

CPA4-ab: TOF-MS 942.04[M+1]". Anal. Caled for CesHgsNy: C, 86.77, H, 7.28; N, 5.92. Found: C,
86.71; H, 7.31; N, 5.92.

CPA5-ab: TOF-MS 1176.62 [M]*. Anal. Calcd for CgsHgsN5: C, 86.77, H, 7.28; N, 5.92. Found: C, 86.35;
H, 7.34; N, 5.82.
000000 0O00000OboOOO0O00000000b0 THFOOOOOOOOOOOOODODOOOOooooo
0o0000oooooXoooooooooooo. 314000

(b)

e [0 3.14: ORTEP drawing of CPA6-ab-tBu with 50 O ellipsoid. (a) top view, (b) side view. Crystal
Data; crystal description, platelet; orthorhombic; Space group, Pcca; Crystal color, yellow; a=41.831 0 (6),
b=9.954 0 (13), c=24.48 0 (2), U=10195(16) 0 3 R=0.0697, wR=0.1867, Z=4, GOF=1.004.
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0000000000000 000000000000DL0O0 00000 oOXoooooooooooo. 3.15000

(b)

e [0 3.15: ORTEP drawing of CPA7-ab with 50 0 ellipsoid. (a) top view, (b) side view. Crystal Data; crystal
description, O prism; monoclinic; Space group, P 21 /a ; Crystal color, yellow; a=18.1883(7) O, b=27.5837(11)
0, c=118.2570(7) O, B =117.772(2)° , U=8104.4(5) O ®, R=0.0759, wR=0.2178, Z=4, GOF=0.871. The

side benzene rings are omitted for a clarity.
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eee (13480 CPA8-a;b, 0 XIODOODOOOO e @ @
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(b)

e [J 3.16: ORTEP drawing of CPA6-ab with 500 ellipsoid. (a) top view, (b) side view. Crystal Data; crystal
description, O prism; monoclinic; Space group, P21/c; Crystal color, yellow; a=23.375(21) O , b=13.3941(97)
0, ¢=30.271(33) O, B =107.535(41)° , U=9037.07(15) 0 3 R=0.0818, wR=0.2699, Z=4, GOF=0.941.

eee (13490 CPA8-abl XODOUOUOOOOe @ @
CPASO ab0D00ODODO0ODODO0DDODODOODODOODODOODDODOOUDDODOOODO THFOO
00000000000 000o000o0oO0o0oooOo0 000000 oOoXoooooooooooo. 317000



§3.4. XOOOODODOODOOOODODODDODOOOOOOOOoOOoOOoOO 45

A @@ﬁ%ﬁ%
Nl Y

e [J 3.17: ORTEP drawing of CPA8-ab with 500 ellipsoid. (a) top view, (b) side view. Crystal Data; crystal
description, O prism; triclinic; Space group, P-1; Crystal color, yellow; a=116.598 0, b=17.369 O, ¢c=20.676
O, a =85.275° , B =66.588° , y =80.395° U=5392.43 0 * R=0.0924, wR=0.3681, Z=1, GOF=1.120.
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Section 3.5
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e [J 3.19: CPA3-ab O Packing 0O

CPA3-ab000000 c000D0B30000000000000040000000000000 (c)OODO
O0 cO0D00O00D0ODOO0O0OCPA3-ab0O000O00OOOG0 ODODO40000000000000000OO
00000000 CHnOOOOOOoOOOoO0ooooooooooooooo

eee (] 3520 CPAG-a;b, 00000 e @@
CPAG-axb, 00 O00OODOO. 3200000

00000000000000000000000000000000000000




48 030 ABOOO AB,000000000000000000000000O0

e [J 3.20: ORTEP drawing of (a) CPA6-asbs with 20and the packing structure; (b) top and (c¢) side view (the
phenyl rings shown as ”X” in this Figure are omitted for easy understanding of the packing of the packing

structure).
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e [ 3.21: ORTEP drawinf of CPA4-asbs-Ag complex with 20and the packing structure; (a) top view and
(b) side view (the phenyl rings of outside are omitted for easy understanding of packing structure). mono-
clinic, space group C 2/c, a=34.06 0 (1), b=9.213 0 (2), ¢=23.043 0 (6), U=6507(2) O 3, Z=4, R=0.0253,
wR=0.0680.
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Section 3.6
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Section 3.7
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ACP4-ashe: 'H NMR (400 MHz, CDCl3, TMS) & 7.78 (d, 8H, J=6.8 Hz), 7.65 (s, 8H), 7.42 (t, 8H, J=
6.8, 6.80, t, 4H, 6.8 Hz), 6.35 (s, 8H), 5.55 (d, 4H, 6.5Hz), 5.25(d, 4H, 6.5Hz); > CNMR(100 MHz, CDCl;,
TMS) 5 143.64, 140.83, 139.05, 128.63, 127.85, 127.44, 114.42, 63.60, 45.82; IR (KBr, cm~") 3402(NH), 1591
phenyl), 1488, 849, 692; TOF-MS 724 [M]*. Anal. Caled for CsoHyyNy: C, 87.12; H, 5.06; N, 7.82. Found:
C, 87.18, H, 4.76; N, 7.80
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e (1 3.32: ORTEP drawing of ACP4-asby with 20 O ellipsoid. (a) top view, (b) side view. Crystal Data;
crystal description, 0 prism; monoclinic; Space group, P 21/c; Crystal color, yellow; a=15.4227 O (33),
b=14.5049 0 (28), ¢=23.5273 0 (45), B =90.9014(43)° , U=5263.16(82) 0 3 R=0.0764, wR=0.2402, Z=A4,
GOF=1.050 .
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Section 3.8

Jooooogbgobooboboobouoooond
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Dibenzoylbenzene O 4,4’ O Methylenedianiline 0000 AsB, 0000000 (Scheme. 3.10)0
0000 1,4-dibenzoylbenzene (2.75 g, 9.60 mmol), 4,4~ methylenedianiline (1.90 g, 9.60 mmol), and 1,4-
diazabicyclo[2.2.2]octane (DABCO) (6.46 g, 57.6 mmo) were dissolved in chlorobenzene (600mL). TiCly
(2.73 g, 14.4 mmol) was added in a dropwise manner. The dropping funnel was rinsed with chlorobenzene
(5 mL). The reaction mixture was heatedin an oil bath at 125 O for 4 h. After cooling, TiCly (1.37 g, 7.20
mmol) and DABCO (2.15 g, 19.2 mmol) were further added in the reaction mixture, and the solution was
heated again at 125 O for 12 h. Disappearance of the monomers was confirmed on TLC, and the precipitate
was removed by filtration. The filtrate was concentrated; M-CPAn-a?b? (n = 4, 6, and 8) were isolated in

(1762, 590, and 427 mg (41, 14, and 10 O yields), respectively, by gel permeation chromatography.

ee0 3820 NMROODO M-CPA4-a’b?000000e e @
'HOO BCNMROODOOODODOOOOOOO'HODO0O00000D00000000O0O0OCPA4-asby, 00
0000000000 CNMROODOODOODOOOOOOO 2000000000000 20000000000
00000000000 (003.36)0

ook

TiClg, DABCO _ | N O O

e ‘
HoN NH O

M-CPARp-aobo

(n/2)-1

Scheme 3.10: 000 00000000000 M-CPAn-ash, 00O
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""""I""\"“\“"I"“\""""0
200 150 100 50

e [ 3.36: M-CPA4-asb, 0 'HO O 3C NMR

eee (13830 XIUOUOOUDOIDe @ e

M-CPA4-a,b, 00 0000000000000 0O0O0DOO0DOO0O0O0ODO0O0OO0O0OO0OODOO THFODO
O000oo0o00ooo00oooO00oooO00ooo0o0ooXoooooooooooo.33To00

EZEZ Structure

e [ 3.37: ORTEP drawing of M-CPA4-asby with 50 O ellipsoid. (a) top view, (b) side view. Crystal Data;
crystal description, O prism; monoclinic; Space group, P21/n; Crystal color, yellow; a=19.992 0 (4), b=9.684
0 (4), c=24.33 0 (6),U=3198.3(19) O 3. B =104.023(10)° .R=0.074 wR=0.225. Z=2, GOF=0.809. The H

atoms were omitted for clarity.
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Section 4.1
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e [ 4.1:

(a)

TiCly, DABCO
PhCI,125°C

DM, HN

Imine part

4h 12h

TiCl,, DABCO

n', 51% as a mixture of CHyCN
oxidative and reduced form
(k, )=(0, n/2), (1, n/2-1), (2, n/2-2), ......, (M/2, 0)

The arrengmets of imine and amine
parts are not made mention here.

OO
CSED

Amine part Sn(drop)

CF2S03Ag
CHyCN
n=2(k+l)

HN

RDM,,

4

TFA

z

2o

Zz=

Oxidative form (Quinoidal)
completely oxidized

Scheme 4.11: Synthesis of DM,, Series

(b)

1500

‘ Further addition of TiClg

Macrocycle

4(12%) M,, = 326.43 n (n>0)
/,/ V)
- e I o=
(yield:8%) | swo \‘H‘:;z%”@c w/
\ ]
{ A / n
6(2%)
|
8 9
b AL_LL _ A7 P12
1000 2000 3000 4000

5000
w7

@

Diketone-end -fromed
My = 326.43 k + 164.20 k>0
If k = 0, benzoquinone monomer

%ﬁ%@@%

Diamine-end-formed
M= 326.43 | + 198.26 >0
If /=0, amine monomer

Hy Hy
HZN@C N N@C NH,
!

Before cyclization
Mpm = 326.43 m + 18.02 m>0
Ketone-amine-end-formed

z

Reduced form (amine)
completely reduced

%}

z

MALDI-TOF-MS spectra of the crude product in the polycondensation of duroquinone with 4,
4’-methylenedianiline. (a) The spectrum after the first addition of TiCly. Marked peaks attributed to the
macrocyclic compound are located among the peaks attributed to the different types of linear oligomeres.
(b) Expanded spectrum in the region from 500 to 1500 (m/Z). (¢) The spectrum after the further addition
of TiCly. Only the peaks attributed to the paracyclophanes were observed. (d) The molecular structure of

linear oligomers. T he diketone-end-formed oligomers were not detected.
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OOO 0
TiCl,, DABCO N N ?2(:“‘9’ HN NH
[e] PhCI,125°C
o ‘O Imine Form CHyCN Amine form
" 4 12h ‘ Quinoidal Form OOO OOO Benzenoid Form

I
Hy
n/2 HZNOC @NHZ N N
TiCl;, DABCO /2 1 n/2 1

AM,, 42%

. RAM,, quantitatively
Macrocycles having imine are
obtained only.

Scheme 4.12: Synthesis of AM,, Series

(a) (@

Diketone-end -fromed
My = 370.45 k + 208.21 k>0

® 5 | If k = 0, benzoquinone monomer
| 4
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L & o
=1 n=2 3 4 H,
| NIRRT OB o
[
. l | ‘ 500 1000 1500 2000 O K Q
R ’\, i
| ERuR ‘ )
Al
1 *H h \ “ Llis, . S— Diamine-end-formed
500 2000 M;=370.45/+ 198.26 I>0

If /=0, amine monomer

|
3(16%) Further addition of TiCly O
| H, Hy
‘ Macrocycle Q
| I
"

M” =370.45 n (> 0)

6 (4%)
Before cyclization
70%) O Mpm = 370.45 m + 18.02 m>0
Ketone-amine-end-formed
2 . .
KOO
N ,,_i ,,LLL,EJE,'!' H
T W .

1000 2000 3000 4000 5000 6000
m/Z

e [1 4.2: MALDI-TOF-MS spectra of the crude product in the polycondensation of anthraquinone with
4,4’-methylenedianiline. (a) The spectrum after the first addition of TiCly. Marked peaks attributed to the
macrocyclic compound were located among the peaks attributed to different types of linear oligomers. (b)
Expanded spectrum in the region from 500 to 2000 (m/Z). (c) The spectrum after the further addition of
TiCly. Only the peaks attributed to the paracyclophanes were observed. (d) The molecular structure of the

linear oligomers.

goooooo
0 AM series 0000 Anthraquinone(937mg, 4.50mmol), 4,4’-methylenedianiline(892mg, 4.50mmol), and 1,4-
diazabicyclo [2.2.2]octane(DABCO)(3.03g, 27.0mmol) were dissolved in chlorobenzene(300ml). TiCly (1.28g,
6.80mmol) was added in a dropwise manner. The dropping funnel was then rinsed with chlorobenzene(5ml).
The reaction mixture was heated in an oil bath at 1250 for 4h. After cooling, TiCldown4 (1.28mg, 6.80mmol)
and DABCO (3.03g, 27.0mmol) were further added to the mixture, and the solution was heated again at
125 0 for 12h. Disappearance of the monomers was confirmed by TLC, and the precipitate was removed by
filtration. The filtrate was concentrated; AM,, (n=4, 6, 8, 10, 12, 14) were isolated in 89, 263, 164, 103, 64,
and 21mg (5, 16, 10, 6, 4, and 1 O yields), respectively, by gel permeation chromatography.
AMy,: 'H NMR (400MHz, CDCl3, TMS): & 8.31 (dd, 4H, J=5.8, 3.6Hz), 7.61 (dd, 4H, J=5.8, 3.6Hz), 7.08
(d, 8H, 8.4Hz), 6.90 (dd, 4H, J=5.8, 3.6Hz), 6.85 (dd, 4H, J=5.8, 3.6Hz), 6.82 (d, 8H, 8.4Hz), 4.11 (s, 4H).
130 NMR (100MHz, CDCl3, TMS): 5 158.36, 150.38, 136.15, 135.58, 132.77, 130.37, 120.91, 129.36, 128.13,
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125.28, 119.65, 39.68. IR (KBr, cn—1): 3445, 3020, 2907, 1668, 1619, 1604, 1587, 1498, 1304, 1281, 1229,
947, 826, 787, 668. MALDI-TOF-MS: calcd for [M] = 740.29. Found: [M+H|™ = 741.78. Anal. Calcd for
CsaHasNy: C, 87.54; H, 4.90; N, 7.56. Found: C, 87.35, H, 4.92; N, 7.40.

The reductive AM, (RAM,) was easily obtained by the following procedure. AM, (200 mg, 0.27 mmol),
and Sn (320m g, 2.7 mmol, drop) were dissolved in MeCN (30mL). Trifluoroacetic acid (308mg, 2.7 mmol)
was added, and the reaction mixture was stirred at room temperature for 12h. The precipitate was collected
by filtration and dissolved in acetone (100ml). The solution was filtrated again and concentrated. The
RAM, (yellow powder) was isolated in quantitative yield. RAM4: 'H NMR (400MHz, THF-dg, TMS) &
8.23 (dd, 8H, J=6.4, 3.6Hz), 7.29 (dd, 8H, J=6.4, 3.6Hz), 6.69 (d, 8H, 8.4Hz), 6.41 (d, 8H, 8.4Hz), 3.75 (s,
4H); 13C NMR (100MHz, THF-dg, TMS) & 147.87, 134.52, 131.13, 130.55, 129.86, 125.72, 125.33, 115.13,
39.86. IR (KBr, em~1): 3382, 3015, 2898, 2837, 1708, 1613, 1509, 1385, 1300, 1245, 1176, 1060, 794, 764.
MALDI-TOF-MS: caled for [M] = 744.33. Found: [M+H]" = 745.88. Anal. Calcd for CgoH52N4O02 (RAMAD
2 acetone): C, 83.69; H, 6.09; N, 6.51. Found: C, 83.68, H, 5.98; N, 6.85.

0 DM series 0000 Duroquinone (739mg, 4.50mmol), 4,4’-methylenedianiline(892mg, 4.50mmol), and 1,4-
diazabicyclo [2.2.2]octane(DABCO)(3.03g, 27.0mmol) were dissolved in chlorobenzene(300ml). TiCl, (1.28g,
6.80mmol) was added in a dropwise manner. The dropping funnel was rinsed with chlorobenzene (5ml).
The reaction mixture was heated in an oil bath at 1250 for 4h. After cooling, TiCly (1.28g, 6.80mmol) and
DABCO (3.03g, 27.0mmol) were further added to the mixture, and the solution was heated again at 1250 for
12h. Disappearance of the monomers was confirmed by TLC, and the precipitate was removed by filtration.
The filtrate was concentrated; DMn’ (as a mixture with partially and / or completely reduced macrocycles
in the same ring size) (n=4, 6, 8, 10, 12) were isolated in 120, 352, 182, 85, and 37mg (8, 23, 12, 6, and 2
O yields), respectively, by gel permeation chromatography. The DM4’ was the mixture of DMy (containing
two quinoidal parts), H DMy (having both quinoidal and amine parts), and RDMy (containing two amime
parts). By using HPLC, the mixture was isolated to each macrocycle. The ratio was DMy: HDM,: RDMy
=745 1.

The oxidative DMy’ (DM4) was easily obtained using the following procedure. DMy’ (0.20 g, 0.32 mmol),
and silver trifluoromethanesulfonate (0.82 g, 3.2 mmol) were dissolved in the mixed solvent of MeCN (10mL)
and CHCl3 (20mL). The reaction mixture was stirred at room temperature for 12 h and then triethylamine
was added for quenching. The precipitate was removed by filtration and concentrated. The reduced DM,
(dark red powder) was purified by silica gel chromatography (hexane, ethyl acetate), and then isolated in
quantitative yield.

DMy: 'H NMR (400MHz, CDClz, TMS): & 7.22 (d, 8H, J=8.0Hz), 6.68 (d, 8H, J=8.0Hz), 3.94 (s, 4H),
2.23 (s, 12H), 0.91 (s, 12H). '3C NMR (100MHz, CDCl3, TMS): & 162.98, 150.93, 138.08, 136.81, 128.71,
119.96, 41.23, 16.22, 14.41. IR (KBr, ecm™1): 3445, 2921, 1576, 1497, 1455, 1377, 1227, 1173, 1106, 1036, 811,
680, 516. MALDI-TOF-MS: calcd for [M] = 652.36. Found: [M+H]" = 653.86. Anal. Calcd for C46H44Ny:
C, 84.63; H, 6.79; N, 8.58. Found: C, 84.23, H, 6.94; N, 8.30.

The reductive RDM, was easily obtained using the following procedure. Sn (0.29 g, 1.5 mmol) was added
to the solution of DMy’ (100 mg, 0.15 mmol) in MeCN (20mL). Trifluoroacetic acid (0.17 g, 1.5 mmol) was
added, and the reaction mixture was stirred at room temperature for 1 h and then triethylamine added for
quenching. The precipitate was removed by filtration and concentrated. The reduced DM, (almost colorless
powder) was purified by silica gel chromatography (hexane, ethyl acetate), and was isolated in a quantitative
yield.

RDMy: 'H NMR (400MHz, CDCl3, TMS) & 6.99 (d, 8H, J=8.0Hz), 6.41 (d, 8H, J=8.0Hz), 5.15 (br, 4H),
3.85 (s, 4H), 2.19 (s, 24H) ; *C NMR (100MHz, CDCl3, TMS) & 145.17, 137.78, 132.62, 130.56, 129.48,
114.16, 39.32, 15.53 ; I R (KBr, cm~1) 3388, 3009, 2921, 1614, 1510, 1464, 1288, 1245, 1179, 1077, 808, 737,

00000000000000000000000000000000000000
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491. MALDI-TOF-MS: calcd for [M] = 656.39. Found: [M+H]|™ = 657.91. Anal. Calcd for C54HgsN4O4
(RDM, 0 2THF): C, 80.69; H, 8.05; N, 6.99. Found: C, 81.05, H, 7.78; N, 6.95.

HDM, was isolated by HPLC from DM,’. HDM,: 'H NMR (400MHz, CDCls, TMS) & 7.16 (d, 4H,
J=8.0Hz), 6.89 (d, 4H, J=8.8Hz), 6.71(d, 4H, J=8.0Hz), 6.33 (d, 4H, J=8.8Hz), | 5.13 (br, 2H), 2.25 (s,
6H), 2.15 (s, 12H), 1.07(s, 6H) ; '¥C NMR (100MHz, CDCl3, TMS) 3 161.81, 151.41, 145.45, 138.23, 137.41,
136.70, 135.37, 133.29, 130.82, 130.09, 128.70, 119.10, 113.74, 39.65, 16.71, 15.23, 14.68 ; IR (KBr, cm™!)
3371, 3018, 2919, 1916, 1575, 1510, 1496, 1458, 1269, 1230, 889, 813, 789, 516. MALDI-TOF-MS: caled for
[M] = 654.37. Found: [M+H]*= 655.94.
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Section 4.2

Joogogoboobogon

AM, 00 DM, O000O0OO0DOCVOOOOOCVOOOOODOOoOOoooooooo

o0: acetonitrile o oo: o000 AMy OO DMy O 0.2mM
0: 00000000 (TFA) O
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e [J 4.3: Cyclic voltammograms of DMy (0.2 mM), and AMy (0.2 mM) in MeCN solution containing 0.2
M TBABF4, and TFA (trifluoroacetic acid). Spectroelectrochemical analysis of DMy in MeCN. (a) Electro
UV-vis spectral changes. The applied potentials were between 0 and 0.35 V vs. Ag/Ag™. [DMy] = 0.2mM,
[TFA] = 130mM, [TBABF,4] = 0.2M, Working; Pt mesh. Path length = 1mm. The bold line is DMy, the
normal line is after the electrochemical reduction at 0 V vs. Ag/Ag*t, and the line with dots is after the
chemical reduction of DMy by Sn drops. (b) Absorption changes recorded at intervals of 17 sec monitoring

at 360nm during the 10 redox cycles.
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_vee. RAM4 (after chemical
reduction by Sn drop)
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nm
e 00 4.4: Electro UV-vis spectral changes. The applied potentials was -0.1V vs. Ag/Ag™. [AMy] = 0.2mM,
[TFA] = 4M, [TBABF,] = 0.2M, Working; Pt mesh. Path length = 1mm .
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Section 4.3
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e [0 4.6: '"H NMR spectrum of DMy series
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Section 4.4

XO0O0O0Ooooo

NMROOOOOODOOOOOOOOOOOOOOO0OO0OO0OO0O00O00000000000XO0OO0oooooo
cooooooooooobooboooo

eee 1441000000000 4000 X0O00000000e @ e

e [J 4.7: Molecular structures and the ORTEP diagrams of (a) DMy, (b) RDMy, (¢) AMy, and (d) RAMj,.
The two crystal solvent molecules were included in the cavity of RDMy, whereas the cavity of DMy was closed.
Although AM4 had no cavity space, the cavity of RAMy was opened, and two disordered monochlorobenzenes
was included inside as crystal solvent molecules (the site occupancy factors of the chlorine atoms were CI(1):
0.70, and C1(2):0.30, respectively)
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00000o00ooo0o0oo0ooooooo0oUoo AM, 00000000000 0000000000O000O0
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e (1 4.8: ORTEP drawing of AMg with 50 O ellipsoid. (a) top view, (b) side view. Crystal Data; crystal
description, O prism; monoclinic; Space group, P21/a; Crystal color, red; a=27.46(1) O, b=21.819(6) O,
c=11.311(5) 0 ,U=6773(4) 0 3. B =91.68(4)° .R=0.070 wR=0.127. GOF=0.878. Z=A.

eee 14430 RedoxDODIDDOUODOUOOODe @ @
40000000000000000O000O0DO00DODO0OO0DOOODOO0O0ODO0OO0ODODOODODOODODOOO
goooo

side
structure

e [1 4.9: The intermediate structures of the cyclophanes. Molecualr structures and the ORTEP diagrams
and the atom site labels. The protons were omitted for clarity. (a) HAM, has both the quinone and amine
parts in the same annular frame. The cavity of the HAM, was half-open, in other words, half-close. A
monochlorobenzene was included in the cavity as a crystal solvent molecule. (b) HDMy. There was no
molecule inside the annular frame of HDMy. In the crystal of HDMy, there were no other molecules except

for HDMy itself.

O Crystal DataO

0 HAM,O crystal description, O platelet; triclinic; Space group, P-1; Crystal color, yellow; a=11.562(12) O,
b=13.764(13) 0, ¢=15.698(14) O, U=2275(4) O 3. a =81.07(3)° , B =71.43(3)° ,y =74.45(3)° . R=0.076
wR=0.238. GOF=1.001. Z=2.

0OHDM4O  crystal description, O platelet; monoclinic; Space group, C 2/c¢; Crystal color, red; a=23.641(12)
0, b=7.220(3) O, c=41.687(19) 0 ,U=7111(6) O 3. B =91.97(3)° .R=0.076 wR=0.238. GOF=1.001. Z=2.
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Section 4.5
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e [J 4.10: Connection of the active module in an annual manner, and two conformations (face and lateral)

of a paracyclophane.
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corresponding model compounds
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8(ppm) ““@ “”@
-0.05 AQl
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0.00 N !

[Guest] / [Host]

e [0 4.11: The structure of model compounds and the changes in the chemical s hift value of the
methylene groups of the cyclophanes during the 'H NMR titration with a aromatic cationic guest (1,4-

dimethylpyridinium p-toluenesulfonate).

goooooo

O Crystal data of AM,0 Cs54Hs36Ny, M = 740.91, triclinic, space group P-1, a = 8.0043(16) 0, b = 9.5872(18)
0, c=14.335(3) 0, a = 72.281(12)° , B = 74.376(13)° ,y = 66.928(12)° , U = 949.8(3) O 3, Z = 1, Dcalc
= 1.295 g/cm?®, y = 0.587 mm ™!, crystal size 0.35 x 0.35 x 0.05 mm, 3346 reflections measured, S = 0.918,
R = 0.043, and Rw = 0.137. Red prism crystals of AM4 were obtained by the slow diffusion of hexane
vapor into a chlorobenzene solution of AMy. A suitable crystal was mounted in a cryoloop. The intensity
data were collected at 93.1K on a Rigaku RAXIS-RAPID diffractometer with graphite monochromatized
Cu K a radiation (A = 1.5419 0). The structure was solved by a direct method (SHELXS97) on a Dell
workstation with the program system CrystalStructure. The structure was refined on F2 by full-matrix least
square methods using 2863 reflections within I1>2.0 (I) and the final R value was 0.043.

O Crystal data of RAM,0O  C7oH55Cl3sNdown4, M = 1082.61, triclinic, space group P-1, a = 10.093(8) O, b
=11.144(11) O, ¢ = 14.14(2) O, a = 112.39(4)° , B = 107.69(4)° ,y = 94.44(7)° , U =1367(3) 0 3,Z = 1,
Dcalc = 1.315 g/cm?, p = 0.217 mm !, crystal size 0.4 x 0.2 x 0.2 mm, 6131 reflections measured, S = 1.892,
R = 0.091, and Rw = 0.114. Yellow block crystals of RAM4 were obtained by the slow diffusion of methanol
vapor into a chlorobenzene solution of RAMy. A suitable crystal was mounted in a cryoloop. The intensity
data were collected at 243K on a Rigaku RAXIS-RAPID diffractometer with graphite monochromatized Mo
Ko radiation (A = 0.71069 O ). The structure was solved by direct method (STR92) on a Dell workstation
with the program system CrystalStructure. The structure was refined on F by full-matrix least square
methods using 2888 reflections within I>2.0 (I) and the final R value was 0.091. The atomic parameters are
listed in the CIF file.

O Crystal data of DM,O0  CysHyyNy, M = 652.88, monoclinic, space group P 21/n, a = 12.215(11) O, b
= 10.101(7) O, ¢ = 15.761(18) O, a = 90° , B = 104.25(4)° , y = 90° , U = 1885(3) O 3, Z = 2, Dcalc
= 1.150 g/cm®, = 0.067 mm~!, crystal size 0.6 x 0.2 x 0.2 mm, 3447 reflections measured, S = 0.896, R =
0.063, and Rw = 0.209. Red prism crystals of DMy were obtained by the slow diffusion of methanol vapor
into a chlorobenzene solution of DM,. A suitable crystal was mounted on a glass fiber. The intensity data
were collected at 298K on a Rigaku RAXIS-RAPID diffractometer with graphite monochromatized Mo K a
radiation (A = 0.71069 O ). The structure was solved by direct method (SHELXS97) on a Dell workstation

with the program system Crystal Structure. The structure was refined on F2 by full-matrix least square
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methods by using 2546 reflections within I>2.0 (I) and the final R value was 0.063. The atomic parameters
are listed in the CIF file.

O Crystal data of RDM,0  CsgH53CloNy, M = 882.03, orthorhombic, space group Peen, a = 22.8640(11) O,
b =20.6713(10) 0, ¢ = 9.9936(5) 0 ,U =4723.3(4) O 3, Z = 4, Dcalc = 1.240 g/cm?,p = 0.156 mm !, crystal
size 0.60 x 0.50 x 0.25 mm, 4309 reflections measured, S = 1.001, R = 0.068, and Rw = 0.228. Colorless
platelet crystals of RDMy were obtained by the low diffusion of hexane vapor into a chlorobenzene solution of
RDMy. A suitable crystal was mounted in a cryoloop. The intensity data were collected at 93K on a Rigaku
RAXIS-RAPID diffractometer with graphite monochromatized Mo K a radiation (A = 0.71069 0O). The
structure was solved by direct method (SHELXS97) on a Dell workstation with the program system Crystal
Structure. The structure was refined on F2 by full-matrix least square methods by using 3611 reflections
within I>2.0 (I) and the final R value was 0.068. The atomic parameters are listed in the CIF file.
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Section 5.1

oogouoobgoogooon

0000DO0000000o000o0o0000o0o00D0D00oU0o0OODDODO0D0DODOOoOOoOoOOoDODGe6 O
0000000000000 0000000000000o00D0ooO000o0o000oDooOooooooooon
oo ooooooobbobbobbobobbobtbddddDoooLD b bDobDbo
gojddoooooooooooobbobbobobbbbobobddddoooobLD D ooboobo
0000000000000 000000000000000000O00000000DOooO0ooUoOoOoooUoO
oo oobbbbbobbobbbobtbddddoooooDoooLD b booDbo
oo ooobbbbbbbobbobtbddddooooobLD Do obDOb o
O0oU000oooooooooo0oU0ooooooo 1% 00000ooooooooooooooooooon
00000000000 000000000000000DMACcONMPOOOOOOOOOOOOOOOHMPAD
oo ooobbobbbbobobbobtbddddooDooUoLD DD bDb o
HCIlOODODODOOUOOODOODOOUOOODO0O0O00O00O000000 poly(p-phenyleneterephthalamide) 0 0 0O O
O0o000o0oo0Od NMPO HMPAOO20100000000D0DO0DO0D0ODODO0OO0OO0ODHMPAOOOOODOOOOOO
O0000O000O0ONMPO CaCl, 0000000000000 0OO000OO0O0O0O0OOODOOOmMOOODoOoOO
0o000oooooooooooooooooooooooooooooooooooooooooooTHRFOO
JoddoooooooooooobobobobobobbobbobbdddooooonooooD oD ooboobo
0000000000000 0000000000000000000000O0000DO0O00ooUoOoOoooUon
000000000000000D00000 poly(p-phenyleneisophthalamide) 0000000000000 OO
oo oobbbbbbbobbbobbddddooooooLD Do oDb o
poly(p-phenyleneterephthalamide) 0 000 DMAcO OO OO0 LiIC100D00000000D0D0O0OOOOOOO
0000000000000 0000000oo0 170000000000 00000000000000 LiCl
000D000DO0ooooDooDoDoDo0ooDo0ooooooooooooooDooDooDooooon 1000300000
goddoooooooooooobbobobobbobbobobbobbdddooooooobLD b ooboobo
0000000000000 000000000000000000O000O0O0000Ooo0o0ooUooOoooUon
0000000000000 000000000000o0o00Dooo0O000o0o0000ooooooooooon
00000000000 HEXOOoOOooDooooooooOpKaO 700000000000 ODOODOOOOOO
gdddoooooooooooobobobobobobbobbobbdddooooooobLD Do obooo
0000000000000 00000000000000000000000000DO000ooUooOooooon
0000000000000 0000000000000000o00O000o00000Doo00oooooOooooUon
gjddooooooooooobbbbbbbobobbobbdddoooLD Do bDOb O
goddoooooooooooobobobobobobbobbobtbddddoooonooobLD oo oobo
000000000000 o00000000 YOOODODOOOOoooooooooooooooooooooao
0000000000000 00000000000000000000000000DO00000oOoOooooUoOO
Joo0booooooooobDbOo0o0o0bObO0ooooDbO0o0o0obLObO0o0oUoDbO0o0D0oDLDDbOoU IVOoOooDoDboOooo
gojddooooooooooobbobbbbobbbbobbobdddooooonooobLD Do oboobo
0000000000000 000000000000000000O000o0o0oO000OooooUooOoooUon
O000" Yamazaki-Higashi 00" 0000000000000 0000000O0O0O0O0OO0OOOO NODOOO
0000000000000 0O0Oooooo0™oooooDo00O000000DNDD000oo0DonoNoooonn
00000000000 o00o0000o00o00o00oo0o00D0ooD400000000000000DOOOO
000000000 200 pO00000000000000DO 17000000000000MPhOO s PhOO
PC1,0 PhPOC1,1 C3H,PO O 00 POC130 SOC1, O EtsN O O PhsP O CeClg O O SiCly0 MesSiCl, O O
0000o00oo0oDooDooooooooo NMPOOOOOOOOODODODODODODOODODODOODODODOODOOO



¢5.1. 000D0D0O0OODOODOOOOOOO 81

2HN—(<>—NH2 + HOOC—R—COOH

—€o—- O

Scheme 5.13: Hydrolysis of Aromatic Polyamide Containing Phenylazomethine Bonds
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e[ 5.1: 00D00D0ODOOODODODOODODODODO

Synthesis of OPA. 4-aminobenzophenone (4.00 g, 20.3 mmol), p-phenylenediamine (4.89 g, 40.6mmol), and
DABCO (6.82 g, 60.8 mmol) were dissolved in chlorobenzene (400 mL). Titanium(IV) tetrachloride (2.89 g,
15.2 mmol) was added in a dropwise manner. The addition funnel was rinsed with chlorobenzene (2 mL). The

reaction mixture was heated in an oil bath at 125 O for 5 h. The precipitate was removed by filtration. The

00000000000000000000000000000000000000
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filtrate was concentrated; OPA (3.24 g, 11.3 mmol, 56 0 ) was isolated by silica gel column chromatography
(ethyl acetate:hexane = 1:1-3:1, Rf = 0.24 in the solution of ethyl acetate:hexane = 1:1). OPA: 'H NMR
(270 MHz, DMSO-dg, TMS atandard, ppm): E isomer : & 7.34-7.26(m, 5H), 7.05 (d, J= 7.6Hz, 2H), 6.52
(d, J= 8.6Hz, 2H), 6.32 (d, J= 8.9Hz, 2H), 6.27 (d, J= 8.9Hz, 2H) , 5.63 (s, 2H) , 4.68 (s, 2H).d Z isomer:
7.59 (d, J= 7.8Hz, 2H), 7.41(t, J= 7.8Hz, 1H), 7.38 (dd, J=7.4Hz, 2H), 6.72 (d, J= 8.4Hz, 2H), 6.45 (d,
J= 8.6Hz, 2H), 6.42(d, J= 8.9Hz, 2H), 6.36 (d, J=8.9Hz, 2H), 5.35 (s, 2H), 4.80 (s, 2H). 13C NMR (67.5
MHz, DMSO-dg , TMS standard, ppm): E isomer: & 164.89, 151.03, 143.88, 140.74, 137.68, 129.93, 128.91,
127.87, 127.00, 122.38, 113.96, 112.78. Z isomer:d 165.25, 148.91, 144.44, 141.02, 140.91, 130.53, 129.73,
128.73, 127.66, 122.38, 113.96, 112.9. IR (KBr): 3410 (v asNHs), 3335 (v sNHy), 1632 (v C=N), 1589
(phenyl), EI-MS 287 [M]". Anal. caled for C, 79.41, H, 5.96, N, 14.62. Found: C, 79.12, H, 6.11, N, 14.26.
OPA is mixture of E/Z geometric isomers. The ratio E/Z=3.6/1 was confirmed by the integration of the

amine protons in 'H NMR spectra.
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TPP, Pyridine
LiCl, NMP

Amine + HOOC—R2—COOH

o-Ph m-Ph Ph Ox F

O=»=0 »

. Carboxylic ., Tdqo% DR
Run Amine acid Y Yield Mw/x10* /°C10/ /x102s"
1 OPA o-Ph 5 — —
2 OPA  m-Ph 94 (polyOPA-m-Ph) 3.0 459
3 OPA Ph 99 (polyOPA-Ph) 12.1 464 6.5
4 OPA Ox 99 (polyOPA-Ox) 5.7 440
5 OPA S 99 (polyOPA-S) 4.8 437
6 OPA F 94 (polyOPA-F) 4.1 446 14
7 CPA2 Ph 98 (polyCPA2-Ph) 2.0 521 2.6
8 CPA2 Ox 99 (polyCPA2-Ox) 45 490
9 CPA2 S 99 (polyCPA2-S) 5.1 457
10 CPA2 F 99(polyCPA2-F) 5.3 450 2.8

-
-

CPA3 Ph 79 (polyCPA3-Ph) 48 538 17
CPA3 Ox  86%(polyCPA3-Ox) 38 518

-
N

e [1 5.2: Synthesis of Polyamide Having Phenylazomethine Units

0 polyCPA3-PhO  Synthesis of polyCPA3-Ph. In a flask, CPA3a (0.200 g, 0.343 mmol), terephthalic acid
(0.057 g, 0.343 mmol), and LiCl (0.306 g) were dissolved in N-mehyl-2-pyrrolidinone (NMP) (5.0 mL),
then pyridine (3.7 mL) and triphenyl phosphite (TPP) (0.213 g, 0.686 mmol) were charged into the flask
under nitrogen atmosphere. The solution was stirred at just 80 O for 75m exactly. After the temperature
was decreased to room temperature, the solution was poured into mehanol (400 mL) to precipitate the
polymer. The polymer was collected by filtered and washed with methanol. PolyCPA3-Ph (0.179 mg, 79
0 was obtained after drying at 850C under vacuum for 12 h. IR (KBr): 3337 (v NH), 1661 (v C=N), 1591
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(phenyl), 1523 (v C=0), 845, 639.

NH

@@gm
W,
NH}

n

=

e [0 5.3: polyCPA3-Ph

0 polyCPA3-Ox0  Synthesis of polyCPA3-Ox. In a flask, CPA3 (0.150 g, 0.257 mmol), 4,4’-oxybis(benzoic
acid) (0.066 g, 0.257 mmol), and LiCl (0.230 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP) (3.8 mL),
then pyridine (2.8 mL) and triphenyl phosphite (TPP) (0.160 g, 0.515 mmol) were charged into the flask
under nitrogen atmosphere. The solution was stirred at just 80 O for 2h25m exactly. After the temperature
was decreased to room temperature, the solution was poured into mehanol (400 mL) to precipitate the
polymer. The polymer was collected by filtered and washed with methanol. PolyCPA3-Ox (0.207 mg, 86
0 ) was obtained after drying at 85 0 under vacuum for 12 h. IR (KBr): 3344 (v NH), 1654 (v C=N), 1593
(phenyl), 1515 (v C=0), 1237 (0 O O), 845, 700.
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e [ 5.4: polyCPA3-Ox

eee[151300000000000eee
00000000000000000000000000000000 CPA2200000000 OPADOOO
0 polyOPA-m-PhO  Synthesis of polyOPA-m-Ph. In a flask, OPA (0.200 g, 0.696 mmol), isophthalic acid
(0.116 g, 0.696 mmol), and LiCl (0.098 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP) (1.4 mL), then
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pyridine (1.0 mL) and triphenyl phosphite (TPP) (0.432 g, 1.39 mmol) were charged into the flask under
nitrogen atmosphere. The solution was stirred at just 95 0 for 3h. After the temperature was decreased to
room temperature, the solution was poured into mehanol (400 mL) to precipitate the polymer. The polymer
was collected by filtered and washed with methanol. PolyOPA-m-Ph (0.263 mg, 90 O ) was obtained after
drying at 85 O under vacuum for 12 h. IR (KBr): 3318 (v NH), 1656 (v C=N), 1594 (phenyl), 1516(v
C=0), 841, 702.

e [0 5.5: polyOPA-m-Ph

0 polyOPA-Ph  Synthesis of polyOPA-Ph. In a flask, OPA (0.200 g, 0.696 mmol), terephthalic acid (0.116
g, 0.696 mmol), and LiCl (0.098 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP) (1.4 mL), then pyridine
(1.0 mL) and triphenyl phosphite (TPP) (0.432 g, 1.39 mmol) were charged into the flask under nitrogen
atmosphere. The solution was stirred at just 95 O for 3h. After the temperature was decreased to room
temperature, the solution was poured into mehanol (400 mL) to precipitate the polymer. The polymer was
collected by filtered and washed with methanol. PolyOPA-Ph (0.288 mg, 99 0 ) was obtained after drying
at 85 0 under vacuum for 12 h. IR (KBr): 3398 (v NH), 1650 (v C=N), 1594 (phenyl), 1514(C=0), 922,

772, 693.
H
/
O
OO
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e [ 5.6: polyOPA-Ph

0 polyOPA-Ox0  Synthesis of polyOPA-Ox. In a flask, OPA (0.200 g, 0.696 mmol), 4,4’-oxybis(benzoic

acid) (0.180 g, 0.696 mmol), and LiCl (0.141 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP) (2.0 mL),
then pyridine (1.5 mL) and triphenyl phosphite (TPP) (0.432 g, 1.39 mmol) were charged into the flask
under nitrogen atmosphere. The solution was stirred at 100 O for 5h. After the temperature was decreased
to room temperature, the solution was poured into mehanol (500 mL) to precipitate the polymer. The
polymer was collected by filtered and washed with methanol. PolyOPA-Ox (0.350 mg, 99 0 ) was obtained
after drying at 85 0 under vacuum for 12 h. IR (KBr): 3309 (v NH), 1654 (v C=N), 1595 (phenyl), 1512
(C=0), 1239 (Ar-O-Ar), 844, 759, 700
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e [0 5.7: polyOPA-Ox

0 polyOPA-SO  Synthesis of polyOPA-S. In a flask, OPA (0.200 g, 0.696 mmol), 4,4’-Dicarboxydiphenyl
Sulfone (0.213 g, 0.696 mmol), and LiCl (0.098 g) were dissolved in N-mehyl-2-pyrrolidinone (NMP) (5.0
mL), then pyridine (1.0 mL) and triphenyl phosphite (TPP) (0.432 g, 1.39 mmol) were charged into the flask
under nitrogen atmosphere. The solution was stirred at 100 O for 3h. After the temperature was decreased to
room temperature, the solution was poured into mehanol (500 mL) to precipitate the polymer. The polymer
was collected by filtered and washed with methanol. PolyOPA-S (0.377 mg, 97 0 ) was obtained after drying
at 85 0 under vacuum for 12 h. IR (KBr): 3353(v NH), 1656 (v C=N), 1596 (phenyl), 1516(C=0), 1320
(SO2), 844, 703

o
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e [ 5.8: polyOPA-S

0 polyOPA-FO  Synthesis of PolyOPA-F. In a flask, OPA (0.200 g, 0.696 mmol), 2,2-bis(4-carboxyphenyl)-
hexafluoropropane 273 g, 0.696 mmol), and LiCl (0.098 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP)
(10 mL), then pyridine (1.0 mL) and triphenyl phosphite (TPP) (0.432 g, 1.39 mmol) were charged into
the flask under nitrogen atmosphere. The solution was stirred at 100 O for 3h. After the temperature was
decreased to room temperature, the solution was poured into mehanol (500 mL) to precipitate the polymer.
The polymer was collected by filtered and washed with methanol. PolyOPA-F (0.357mg, 80 0 ) was obtained
after drying at 85 0 under vacuum for 12 h. IR (KBr): 3317 (v NH), 1656 (v C=N), 1597 (phenyl), 1515
(v C=0), 849, 701.

/H
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7 \ | Il
HN (I? (I: C
Q (0] CF3 n
e [J 5.9: polyOPA-F

0 polyCPA2-PhO  Synthesis of polyCPA2-Ph. In a flask, CPA2 (0.150 g, 0.264 mmol), terephthalic acid
(0.044 g, 0.264 mmol), and LiCl (0.353 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP) (5.0 mL), then
pyridine (3.8 mL) and triphenyl phosphite (TPP) (0.164 g, 0.529 mmol) were charged into the flask under
nitrogen atmosphere. The solution was stirred at 95 0 for 3h. After the temperature was decreased to room

temperature, the solution was poured into mehanol (400 mL) to precipitate the polymer. The polymer was

00000000000000000000000000000000000000




86 050 0O0D00D0O0O0O00O00000000000000

collected by filtered and washed with methanol. PolyCPA2-Ph (0.142 mg, 77 0 ) was obtained after drying
at 85 0 under vacuum for 12 h. IR (KBr): 3335 (v NH), 1664 (v C=N), 1593 (phenyl), 1521 (v C=0),

962, 846, 700.
*{HN
II
NH-C c}
n

e [1 5.10: polyCPA2-Ph

O polyCPA2-FO  Synthesis of polyCPA2-F. In a flask, CPA2 (0.150 g, 0.26 mmol), 2,2-bis (4-carboxyphenyl)-
hexafluoropropane (0.104g, 0.26 mmol), and LiCl (0.353 g) were dissolved in N-mehyl-2-pyrrolidinone (NMP)
(5.0 mL), then pyridine (3.8 mL) and triphenyl phosphite (TPP) (0.164 g, 0.52 mmol) were charged into
the flask under nitrogen atmosphere. The solution was stirred at just 100 O for 7h. After the temperature
was decreased to room temperature, the solution was poured into mehanol (500 mL) to precipitate the
polymer. The polymer was collected by filtered and washed with methanol. PolyCPA2-F (0.226 mg, 920 )
was obtained after drying at 85 0 under vacuum for 12 h. IR (KBr): 3364 (v NH), 1670 (v C=N), 1594
(phenyl), 1514(C=0), 848, 701.

s OEOY

e [0 5.11: polyCPA2-F

0 polyCPA2-S00  Synthesis of polyCPA2-S. In a flask, CPA2 (0.150 g, 0.26 mmol), 4,4’-Dicarboxydiphenyl
Sulfone (0.081 g, 0.26 mmol), and LiCl (0.306 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP) (5.0 mL),
then pyridine (3.7 mL) and triphenyl phosphite (TPP) (0.213 g, 0.686 mmol) were charged into the flask
under nitrogen atmosphere. The solution was stirred at just 80 O for 75m exactly. After the temperature
was decreased to room temperature, the solution was poured into mehanol (400 mL) to precipitate the
polymer. The polymer was collected by filtered and washed with methanol. PolyCPA2-S (0.204 mg, 92 0)
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was obtained after drying at 85 0 under vacuum for 12 h. IR (KBr): 3355 (v NH), 1672 (v C=N), 1592
(phenyl), 1520 (v C=0), 1315 (v SO2), 847, 688.

e [0 5.12: polyCPA2-S

0 polyCPA2-Ox0  Synthesis of polyCPA2-Ox. In a flask, CPA3 (0.200 g, 0.343 mmol), terephthalic acid
(0.057 g, 0.343 mmol), and LiCl (0.306 g) were dissolved in N-mehy1-2-pyrrolidinone (NMP) (5.0 mL), then
pyridine (3.7 mL) and triphenyl phosphite (TPP) (0.213 g, 0.686 mmol) were charged into the flask under
nitrogen atmosphere. The solution was stirred at just 80 O for 75m exactly. After the temperature was
decreased to room temperature, the solution was poured into mehanol (400 mL) to precipitate the polymer.
The polymer was collected by filtered and washed with methanol. PolyCPA2-Ox (0.184 mg, 83 0 ) was
obtained after drying at 85 0 under vacuum for 12 h. IR (KBr): 3340 (v NH), 1357 (v C=N), 1593
(phenyl), 1512 (v C=0), 1236 (0 O 0 ), 845, 700.
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e [1 5.13: polyCPA2-Ox
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e [J 5.14: THNMR spectra of (a) oxibis(benzoic acid), (b) CPA-3a, (¢)polyCPA3-Ox, and (d) polyOPA-Ox.

The indicated peaks (*) are attributed to amide protons.
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Section 5.2
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e [ 5.16: (a) UV-vis spectral change in polyCPA3-Pf in an acidic solution (DMF/THF = 1:1 including 0.4M
sulfuric acid). (b) Relationship between -In(A/A0) and time.
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in the area -log[2(H2S04)] ; was less than 10~ 751
goobooobbooooobobh oubbbbboobdoodbbbbboooUbobbobobbbooooo

O000000000000000000000000PolyCPA3-Ph1gd THFOH,OO 9:100000 100ml O
00000000 3mlO0O00 150000000000000000000O0O0DOO00DODOOOODOO0O0OD0O 15

cooooooooooooon

00000000000000000000000000000000000000




92 050 0O0D00D0O0O0O00O00000000000000

000000000000 0O0000O0000000000000000000crude0000 NMROOODODO
oooooooooooobooooobooooboooooooooOobooobbooobooOoOooooOooooDboboOono
ooooooooooobobooooooooobooooboOoOoOooOoObOOoOobbOOoOobOoOoOooooOoboOooDbboOonn
coooobOooooOoboobooOoooboOobooOoOoboOobooOoooOoOooOobOoboO0obObOOobOOoOobooOoDbboODn
cooooooooooboooobooOoOoooOoboOoOoOOoOOoOoOoOooOooOoOoOooDbboOooon

12

Degradation product A

e 1 5.19: THNMR spectra of the crude products during the hydrolysis of polyCPA3-Ph. The preferential
formation of hydrolysate A was confirmed by the spectrum, and the marked peaks(*) were attributed to

4,4’-diaminobenzophenone.
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e [ 5.21: Natural molecular-level machine. FOF1 ATP Synthase.l””)
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