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5-6 double bond

‘76% 6-6 double bond 1
Ry

Figure 1-1. Structure of Cego.

Table 1-1. Physical constant of Cep.

Properties Value Ref.
Molecular Weight 720.66

Atomic Mass Number 720

5-6 C-C Bond Length 1.39 A 9a
6-6 C-C Bond Length 1.45 A 9a
IR Spectrum 528, 577, 1183, 1429 cm™ 9b
lonization Potential (1) 7.58 eV 9
lonization Potential (2" 11.5eV 9
Electron Affinity 2.65eV 9c
Band Gap (HOMO-LUMO) 1.7 eV 9d
Heat of Formation 10.16 kcal/g C atm 9e
Heat of Sublimation 40 kcal/mol of
Mass Density 1.72 glcm? 9g
Molecular Density 1.44 x 10*' cm™® 9h
Melting Point 1180 °C 9i
Heat Capacity 500 J/kcal 9j
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Figure 1-2. Electronic absorption spectrum of C60 in hexane.
(The inset is the 420-700 nm region)
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Scheme 1-1. Synthesis of pearl-necklace polyamides.

HoN—Ar-NH,
P(OPh)s, Pyridine, NMP

Ar =
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Scheme 2-1. Cyclopropanation of Cgp with the a-formylsulfonium ylide 1.
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Table 2-1. Chromatographic separation of the Cgo bisadducts 3.

Isolated . Addition
[P | o/b
Fraction Compound yield / % Ratio / % Pattern
1 1-1 3a 0.2 0.5 trans-1
1-2 3b 1.9 52 trans-2
2 2-1 3c 2.7 7.4 trans-2
2-2 3d 3.4 9.3 trans-3
2-3 3e 1.0 2.7 trans-4
3 3-1 3f 2.9 7.9 trans-3
3-2 39 1.3 3.6 trans-2
3-3 3h 0.9 2.5 trans-4
34 3i 8.1 22.2 trans-3
3-5 3j 7.7 21.1 equatorial
4 4-1 4-1-1 3k 3.4 9.3 equatorial
4-1 4-1-2 3l 0.5 1.3 trans-4
4-2 3m 1.0 2.7 Cis-2
5 5-1 3n 0.6 1.6 cis-2
5-2 30 0.9 2.5 cis-2

& The fractions were numbered in the order of the chromatographic elution.
For the procedure of separation, see the experimental section.
b- Relative yield of each product.
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Scheme 2-2. Intramolecular double imination of the cis-2, equatorial, and
trans-4 bisadducts 30, 3j, and 3e.
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Figure 2-3. MALDI-TOF-MS spectra of resultant mixtures obtained by the

Intramolecular double imination of cis-2.
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Table 2-2. Assignment of the Cgo bisadducts 3.

= H2N\/€$n\/NH2

CgH47 (1.0 eq.)

MS4A

CHCl,

30 (cis-2)
3j (equatorial)
3e (trans-4)

50 (cis-2)
5] (equatorial)
5e (trans-4)

5 35 S
]
aNDN

Compound Addition Orientation Symmetry TH-NMR?2 Intramolecular Dipole moment® Elution.timed
pattern d/ ppm double m calct. / debye / min
(UVivis) imination®
3a trans-1 in/out Con 10.81
trans-1 infin Cyy
3g trans-2  out/out C, 10.87 0.4621 15.68
T trans2  infout Ci 10461086
3 trans-2  infin c, 1046 08097 16.22
3f trans-3  out/out C, 10.58 0.0113 15.46
8 wans3  iwout  Cr 10891057
3d trans-3 infin Co 10.39 0.5717 15.63
3l trans-4  out/out Cs 10.48 no 0.5110 15.79
s trans-4  infout ci 10391047
" trans4  inin  Cs 1036 yes 09383 17.38
. S equatorial _outiout C1...10441045 O .
3j equatorial  infout Cq 10.18,10.42 yes
3n cis-2 out/out Cs 10.21 no 1.1239 16.86
S 3m cis2  infout ¢, 10111020
30 cis2 | inin ~~ Cs 1010 yes 17711 1790

& Chemical shift(s) of the TH-NMR signal(s) of the formyl groups.

b- Bis-imine formation was attempted by using the trans-4-(out/out), trans-

4-(infin), equatorial-(in/out), equatorial-(in/in), cis-2-(out/out), and
cis-2-(in/in) isomers.

¢ Dipole moment calculated for a structure energy-minimized by the AM1

method. In order to simplify the calculation, the octyl group was
substituted with a methyl group.

d- Column, Merck LiChrosorb Si 60 (250 x 4 mm); eluent, toluene; flow rate, 1.0 mL/min.
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0300 MHzO O75MHzO 00 000 UVAisO OO0 00O JASCO V-5500 0 0 O
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3a—oQ0 QO Qd

D000440 mLO OO0 D000 Ceo(442mg, 0.613mmo) 0000000000
0000000000000 001a00000000000000000000
0000000000000 000000000000000Ce0000000
00000000000000000

3a [trans-1-(in/out) and/or trans-1-(in/in)]: "H-NMR (CDCls) §0.92 (t, J = 6.6 Hz, 6H),
1.20-1.75 (m, 20H), 2.08-2.20 (m, 4H), 3.01 (t, J = 8.1 Hz, 4H), 10.81 (s, 1H);
BC-NMR (CDCl3) 5 14.15, 22.72, 26.41, 27.61, 29.28, 29.46, 30.05, 31.90, 43.38,
73.21, 138.28, 138.35, 141.53, 143.64, 143.82, 143.87, 143.89, 144.69, 144.89,
145.04, 145.38, 145.65, 195.41.

3g [trans-2-(out/out)]: '"H-NMR (CDCls) 50.89 (t, J = 6.6 Hz, 6H), 1.20-1.64 (m,
20H), 1.84-2.05 (m, 4H), 2.72 (t, J = 8.1 Hz, 4H), 10.87 (s, 2H).

3c [trans-2-(in/out)]: "TH-NMR (CDCl3)40.83-1.00 (m, 6H), 1.20-1.64 (m, 20H),
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1.64-1.80 (m, 2H), 1.84-2.23 (m, 2H), 2.71 (t, J = 8.1 Hz, 2H), 3.03 (t, J = 8.1 Hz,
2H), 10.46 (s, 1H), 10.86 (s, 1H).

3b [trans-2-(in/in)]: "H-NMR (CDCls) 50.94 (t, J = 6.6 Hz, 6H), 1.20-1.63 (m, 20H),
1.64-1.80 (m, 4H), 3.03 (t, J = 7.8 Hz, 4H), 10.46 (s, 2H); ">*C-NMR (CDCls) 5 14.18,
22.74, 26.05, 27.72, 29.31, 29.49, 30.07, 31.93, 47.74, 74.51, 74.95, 136.49,
136.62, 139.95, 140.36, 141.45, 141.87, 142.21, 142.27, 142.40, 143.34, 143.62,
144.00, 144.06, 144.40, 144.54, 144.57, 144.63, 144.66, 145.27, 145.33, 145.54,
145.72, 145.81, 146.32, 147.11, 150.10, 194.89.

3f [trans-3-(out/out)]: "H-NMR (CDCls) 50.88 (t, J = 6.6 Hz, 6H), 1.18-1.62 (m, 20H),
1.72-1.96 (m, 4H), 2.60-2.70 (m, 4H), 10.58 (s, 2H).

3i [trans-3-(in/out)]: "H-NMR (CDCl3) 0.82-1.00 (m, 6H), 1.20-1.68 (m, 20H),
1.74-2.04 (m, 4H), 2.59-2.70 (m, 2H), 2.73-2.84 (m, 2H), 10.39 (s, 1H), 10.57 (s,
1H).

3d [trans-3-(in/in)]: "H-NMR (CDCl3) 60.92 (t, J = 6.6 Hz, 6H), 1.20-1.68 (m, 20H),
1.80-2.06 (m, 4H), 2.73-2.84 (m, 4H), 10.39 (s, 2H); "*C-NMR (CDCls) 5 14.16,
22.71, 25.84, 27.63, 29.25, 29.41, 29.95, 31.88, 49.87, 75.00, 75.55, 137.43,
138.24, 140.31, 141.52, 141.56, 141.82, 142.09, 142.84, 142.96, 143.50, 143.53,
14414, 144.20, 144.30, 144.48, 144.93, 145.44, 145.57, 146.23, 146.33, 146.48,
146.76, 146.82, 147.04, 147.16, 147.65, 147.85, 148.45, 195.08.

3l [trans-4-(out/out)]: "H-NMR (CDCls) 50.78-0.96 (m, 6H), 1.12-1.95 (m, 24H),
2.64 (t, J = 8.1 Hz, 4H), 10.48 (s, 2H).

3h [trans-4-(in/out)]: "TH-NMR (CDClI3) 0.80-0.97 (m, 6H), 1.20-1.65 (m, 20H),
1.75-2.00 (m, 4H), 2.62 (t, J = 8.1 Hz, 2H), 2.71 (t, J = 8.1 Hz, 2H), 10.39 (s, 1H),
10.47 (s, 1H).

3e [trans-4-(in/in)]: "H-NMR (CDCls) 50.91 (t, J = 6.6 Hz, 6H), 1.20-1.65 (m, 20H),
1.75-2.02 (m, 4H), 2.65-2.74 (m, 4H), 10.36 (s, 2H); ">*C-NMR (CDCls) 514.17,
22.72, 25.96, 27.52, 29.25, 29.39, 29.93, 31.89, 48.03, 74.43, 74.67, 134.51,
137.66, 138.15, 139.58, 140.98, 141.27, 141.81, 142.06, 142.28, 142.42, 142.94,
143.03, 143.10, 143.33, 143.71, 144.25, 144.98, 145.17, 145.28, 145.40, 145.42,
145.49, 145.59, 145.83, 146.05, 146.09, 146.21, 146.87, 147.25, 148.47, 195.06.
3k [equatorial-(out/out)]: "H-NMR (CDCl3) §0.76-0.98 (m, 6H), 1.15-1.92 (m, 24H),
2.45-2.52 (m, 2H), 2.63-2.71 (m, 2H), 10.44 (s, 1H), 10.45 (s, 1H).

3j [equatorial-(infout)]: '"H-NMR (CDCls) §0.78-1.00 (m, 6H), 1.18-1.64 (m, 20H),
1.69-1.90 (m, 4H), 2.54-2.74 (m, 4H), 10.18 (s, 1H), 10.42 (s, 1H); "*C-NMR
(CDCl3) 014.14, 22.67, 25.47, 26.36, 27.53, 29.20, 29.33, 29.86, 31.83, 31.84,
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49.97, 52.95, 74.51, 75.60, 75.89, 75.93, 137.97, 138.02, 138.77, 139.15, 140.77,
140.86, 141.32, 141.50, 141.63, 141.80, 142.05, 142.14, 143.08, 143.18, 143.67,
143.72, 143.76, 143.88, 143.96, 143.06, 144.10, 144.12, 144.16, 144.42, 144.49,
144.62, 144.69, 144.72, 144.77, 144.85, 144.98, 145.01, 145.10, 145.33, 145.45,
145.47,145.55, 145.71, 145.73, 146.04, 146.10, 146.45, 146.50, 146.61, 146.67,
147 41, 147 .49, 148.40, 149.43, 194.47, 194.49,

3h [cis-2-(out/out)]: "TH-NMR (CDCl3) 60.91 (t, J = 6.6 Hz, 6H), 1.20-1.60 (m, 20H),
1.66-1.84 (m, 4H), 2.19-2.50 (m, 4H), 10.21 (s, 2H).

3m [cis-2-(infout)]: 'H-NMR (CDCls) 60.78-0.98 (m, 6H), 1.20-1.60 (m, 20H),
1.60-1.88 (m, 4H), 2.23-2.60 (m, 4H), 10.11 (s, 1H), 10.2 (s, 1H).

30 [cis-2(in/in)]: "H-NMR (CDCl3) 50.87 (t, J = 6.6 Hz, 6H), 1.18-1.80 (m, 24H),
2.32-2.55 (m, 4H), 10.10 (s, 2H); *C-NMR (CDCl3) 514.12, 22.67, 24.64, 27.22,
29.17,29.31, 29.75, 31.84, 48.10, 71.40, 73.69, 133.69, 135.70, 135.99, 138.75,
141.28, 141.70, 142.34, 143.41, 143.76, 143.91, 143.96, 144.05, 144.46, 144.52,
144.60, 144.62, 145.18, 145.20, 145.46, 145.66, 145.97, 146.01, 146.28, 146.30,
147.69, 147.77, 148.16, 149.25, 194.29.
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OO00000O1,4-phenylene 00000000000 0OOODOODO BingelOOOO
1,4-phenylene D 0000000000000 bismalonate D0 O0O0O0OOOOO
0000000000000 O0000bO00D0D1a-c OOOOOODOOODOO
O 0O 0O 00 Scheme 3-1[1] Diol 2a-c [0 mesylate 3a-c [0 [0 U O (93-95%)00 0 0O O
00O 0O diiodide 4a-c 0 0O 0O OO O (87-96%)00 O 4a-c [ (methylthio)acetaldehyde
N,N-dimethylhydrazone 00 O O O O OO lithium enolate OO0 OO0 0OO0OOOOOO0O
bis(a-sulfenylated hydrazone) 5a-c 0 0 00 0 (64-81%)0 0000 5a-c0 000
000000000000 a,a-disulfenylated dialdehyde 6a-c [0 [ 0 (69-85%)0 [
00 6a-c 0 MesOBF, 0 0 000000 OOMO bis(sulfonium tetrafluoroborate)
ODO0O00b000b0bOo0obO0Onbdobbis(a-formylsulfonium ylide) 1a-c O O O
(64-99%)0
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Scheme 3-1. Synthesis of Bis(a-formylsulfonium ylides)s 1a—c

R OH R”N0S0,Me R
i © ii i
E— e
RvOH RVOSOZMG va
2a.R= —0OCH,— 3a: 95% 4da: 87%
2b: —CHy— 3b: 93% 4b: 96%
2c: —CH,CHy— 3c: 94% 4c: 93%
X, NM CHO - _CHO
R/\(\N €2 R/\( R/\(
SMe . SMe . SMe,
iv v,vi T
— —_— +
SMe SMe SMe,
R N. R R
W NMe, CHO —>CHO
5a: 64% 6a: 69% la: 72%
5b: 75% 6b: 85% 1b: 64%
5c: 81% 6¢: 80% 1c: 99%

i) MsCl, Pyridine, CH,Cl,, 0 °C

ii) Nal, Acetone, reflux

i) a-(methylthio)acetaldehyde-N,N-dimethylhydrazone, LDA, THF, -78 °C
iv) 6 M HCI aq., Benzene

V) Me308F4, CH2C|2,

vi) 12.5 N NaOH aq., sat. K,CO3 aq., CHCl3

Table 3-1. Biscyclopropanation of Cgo with 1a—c
0'

=) - e ™
‘O C6H5Br
L >

isolated yield / %2

entry ylide temp
cis-2 cis-3  equatorial trans-4
1 1a rt (no reaction)
2P 1a 80 °C — — — —
3 1b rt (no reaction)
4 1b 80 °C trace 17 — —
5 1c — 23 12 —
6 1c — 9 30 —

a_: Not detected.
b The monocyclopropanated Cgg was generated in <5% yield.
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0000000000 CeOO0O0O0O OO Table 3-100Hydroquinone 0 0 0 O
0 O bis(a-sulfenylsulfonium ylide) 1a 0 Cgod bromobenzene 0 00O 00O 0OMO
D0D00000 CeUO0DD0DDN0DDN0DDN0nnonnooonoon
80°CO000DN0DON0N0mMONONNNONDNON0NNDNNNONNDNmMONONnno
D0000000000000000™MNMRO MALDI-TOF-MSOOODODOOO
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
0000000000000000000000000000000000000
0000000000000 0000000000000000000000
000000000000 0000000000000000000000000
00000 11O000000000000000000000000000000
00 CeU 000000000000 0N000NONONnnnnon cis-2 0 (cis-2-7b)0
O0D0cis-300 17% 000000000000 (cis-3-7b)*°0000000 cis-3
00000000000 00000000000000000000000000
J000000000cs-30000000®0000000000000000
0000000000000000 tether 000000000000 OO0ODOOO
O0000000000 tether lc00000000000O0O0OO0ODOOOOO
D00000000000 CeU0D0D00DD0nN000uoonoooog TLC
000000000000 0Ocis-300 equatorial 100000 9%0 30%0 00
O000001c0 1ad01b0000000000000000O0O0O0Ocis-30
O equatorial D 00000 23%0 12% 0000000 *®01b01c 000000
0000000000000000000000000000000000000
OO0O0OOtether 0000000000000 000D0OO000OOO0OODOOOOO
J000000000000000000000000000000000000
0000000000000 0M00000000000o0o0oonn ®moon
1c 0000000000000000000000000 cis-30080 °C OO
equatorial 0 0 000 00000000000000000O0O0O0O tetherO OO
D000 cis-3000000000000000000 equatorial 0000000
ooooo "o

J000boobooooboobobod bis(formylmethano)CeoU cis-3-7b 0
cis-3-7c 0 O equatorial-7c00 0000000000 0ODOODODOOOOOOOO
goboobodouooboobogougouoouoouoouooooo
000000000000 CeUbO0DbObOOobOOobOoboDoooobobobon
Oo000ooooooooo
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3.0 onoouooooobnoobobbooag

0000 bis(formylmethano)Ceo U U D D 0D DO0OODOOODDOOOODOODODO
CeoU0OODDOODOODDODOODDOODDOODDOODOODOODDOO
O0000000000D000D0000D0 equatorial-7c 000000 O0O0O0DO0O
doddododotooobooooooboooououooooooooooon
O0000000000CeUDOO0OD0OOD0DOO0ODOOODDOOODOoOooDDO
OO000000000000DO0DOD0ooooooooooooooooooaon
000000000000 4,4”-diamino-2’,5'-bis(dodecyloxy)-p-terphenyl (8)0 O
00000000 Scheme 3-2[1]

O000o0ooo0o0do0ooooooooooooooooOg MS4A0000
O00000000OMS4A0000000O00O00O000O0 equatorial-7a 0 diamine 8 [
O0O000000O00 gel-permeation chromatography] GPCOO O OO OO OO0
O000D00000000000 equatorial-7a 000000000 OOOOOO
O000000000000000000000FT-IROOOOOOOOODOOO
O00000000OO0 Cc=O0000bO0oobOoobDoOoDobOoonoooooDo
dodbodoootdodododoooooooonoooouoooooooon
OO000O0OOequatorial-7al 000000 MS4AODOODOODOODOODODOODO
OO00000 e8%00000000000bO0oD0b0bOOooOoboooooo
equatorial-7a diamine DO 0000000 0O0OOOODODOOOOOOO

000000000000 00D0O000D000D00000 m-cresol DOOODO
doddodotdooooiomoouomuododoooooooooodon
OO0000000000000O0DO0D00ooooooooooooooDOoan
OO000000000000DO0DO0D00oooooo0oomoooooooaon
dodbotdodotoododooooboooououodoooooooodd
000000 equatorial-7a 0 diamine 80 000000 OOMS-4A000000
OO0000000000DO0DO0oDoooooooooooooooooDoooaon
googao

0000000000000 0O0DDDDD00000000000000nonO
0 00 OO OTiClyd 1,4-diazabicyclo[2.2.2]-octane (DABCO) D DD OO0 000
0000000000000 0000000000000000 00 m-cresol
0000000000000 DD0000000000000000DD00OnOnO
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OO000000000000DO0DO0DoD0ooooooooooooDoooDaon
00 Oequatorial-7a ] diamine 80 00000000 0O0OO0OOOOOOODOOO
OO0o0o0oooMmy,=240000M,/My=960000000000 GPCOOODODOMO
D0000000 ®00000000000000CeI000000nnnoo
O00000000O00D0000O00DO00DOO0OO0DOOo0ODooOOgn cis-7a O
diamine8 0 D000 0OOO0ODOODODOOOOOOODODOOOOOO cis-3-9a0 0
OO00000000000000ooooooooooooooooooooonaon
OO0000000D0O0D0000oooooooooooooooooooooDan
doddododotooooobddododouooooooooododoon
OO000000000000D000O0DO0ooooooooDoooooooooan
OO00000000D0000oo0Doooooooooooooooooooon
dodbotdodotoooooboouododoooooonooouoododoon
OO0000000000D00DO0DO0oooo0ooooooooooan

RODDODDODOOOOOODDOOO1720em'0000000000DODOO
01635 cm'0 0000 OFigure 3-1I0 000 NMRODOOOOOODODOOO
D0000010.3 104ppmO0 000000000000 DOS8.8-89ppmO 000
O000D0D000000000000000D00000000000000000
0000000000000 D0D00000000000000000000onOnO
0000000000000 00D0D0D00000000000000000OnO
OFigure 3-2l0 0 0000000000000 CeDDDDODOOOONDDDOO
ODOOO'WHNMRODOOO 65ppm 00000000000 ODDOODOOOO0O0OO
00000000000 00000000000D “ooooooooooooo
D0000000D0MO0D0000000000 CeUUOmmMODOODOO0
D000000000000Cs(:UIDD00000DNDN0DDN0000Nononoo
0O "OM,00000000000MWNMROODODOODOOOOOOODOOO
O000D0D0D0000000000000000000000000000ono
D000000ooooOM,00008,000gmol'000000000O00

oobooboboodooooobbobbtbodombooooooooboobo
goboobboogooooboobbodoodoobbobooooooobooboo
goboobobooooooobbbbdoooooobobobbodooooooboboo
OD0000CeUO0IDD0O0D0O0ODDO0ODO0ODDO UWw-Visooooog
goodgooobbobobbodooobooooooobooboobbooooaob o
ODMooboobo0oboboobooboboobboboboob ™ Figure 3-3M
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Scheme 3-2. Polycondensation of Bis(formylmethano)Cges

with Diamine 8

method A: Molecular Sieves 4A, rt, 4 days, then filtration,
then exextructed with CHCI3, CS,, PhCI
then reprecipitation in MeOH from CS,
method B: distilled, then then reprecipitation in MeOH from CS,
method C: TiCly4 (10 eq.) , DABCO (40 eq.) , reflux, 5h,
then filtration, extructed with CHCI3, CS5, PhCI,
then reprecipitation in MeOH from CS»

entry 7 method  solvent yield My My, Mu/M,

equatorial A PhH 65% 1600 30 53
m-cresol  84% 5400 170 22
PhH quant 24000 250 96

y
2 equatorial B
3 C
4  equatorial C PhMe 79% 14000 110 127
5 C
6 C

equatorial

PhCl 33% 20000 260 77
PhH 22% 2100 100 21

equatorial
cis-3
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Figure 3-1. IR spectrum of equatorial-9c.
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Figure 3-2. *H NMR of equatrial-9c, CDCI5/CS, = 1:1, vivO
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Figure 3-3. UV-Vis spectra of equatrial-9c.
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3.4.00

OO0000Otether0 00 CeoUODOODDODOOOOOODODDODOOOOONO
O0000000000D00000D0DO00O00DO000000D00bO0000 Ce O
O0000000D0O000O0 tetherDO00OO0O0OOD0DOOODOOOODOOODODOOO
0000 bis(formylmethano)Ceo [0 0 0 equatorial-72a 0 00 OO0 8000000
OO0000000000D00DO0DoDoooooooooooooooDoonooaon
OO000000000000D0O0DO00o0oooooo0oo0Oooooooaon
O0000000000000000000000000000 Ceeuboonod
OO0o0O000000000000oOooDoOooOooaon

god

gooo

0000000000000 0000000Ced095.5% 0000000000
0000000000000 bo0oboOUdnddn Acetaldehyde
N,N-dimethylhydrazone [ 2,2’-(1,4-phenylenedioxo)diethanol  (2a) O
2,2’-(1,4-phenylene)diethanol (2b) O 3,3’-(1,4-phenylene)dipropanol (2c) O O
4,4”-diamino-2’,5-bis(dodecyloxy)-p-terphenyl (8) DO D DO OO OOOOOO
N opDoD00000000000000000000™MO0 "CNMROO
0000 0OVarianMercury300 0 000000000000 300MHzO O 75 MHz
O0O000OUVNisOODOOOO JASCO v-5500 000000 00IIROOOON
O0OFT-IROOOOOO0OO0ODOOODOOMALDI-TOF-MS O positive mode 00 00 O
O00OGPC ODODOODODDOODO GPC KF-806L DO DO DOOOODODOO
o-dichlorobenzene U [ O [0 standard polystyrene D 0D 0D 0 00040 doOoOoO
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10037000
(Methylthio)acetaldehyde N,N-dimethylhydrazone
O000000000oooooooboood 13.8 gid 137 mmold 1.05 equiv.0 O
THF150mLOODOOOCODOOODOOODODOOO1SSMOO000O0OO0O0DOO
000 88.1 mLO 137 mmolJ 1.05 equiv.0 O OO 00015000 THFO 10 mLO
000000 acetaldehyde N,N-dimethylhydrazone 11.2 g1 130 mmolOO O 00 0O O
OoOO0o0d0o°*choooboo1Dboobnoooo-rs°coonpoooooonoag
0000 14.6mLO0163mmol01.63equiv0 0000 000DO0O00O0O0DOOOODOO
O000ooooooooooooooo1o0mLOb0000o00ooooooon
O00000000000000000200mLx10100 mLx2000000O0O3
O0000000oOOoOooo10omLO0O0O0D00O0O0O0O0ODO0DO0ODOOODDO
O000DOoo00oooooooooooooooooooon 115 mmHgO128 -
130 °COO O 0O O O (Methylthio)acetaldehyde N,N-dimethylhydrazone 13.1 g1 99.1
mmoll0 0 000 0 76%00 O O O UIR (neat) 2986, 2954, 2916, 2854, 2824, 2784,
1599, 1470, 1442, 1258, 1226, 1137, 1028, 871, 795; "H NMR (CDCl3) & 2.05 (s,
3H), 2.78 (s, 6H), 3.25 (d, J = 5.7 Hz, 2H), 6.51 (t, J = 6.0 Hz, 1H); *C NMR (CDCl,)
014.21, 35.76, 43.14, 132.83; EI-MS for CsH42N,S calcd 132.07, found 132.

3,3'-(1,4-Phenylene)dipropyl dimesylate (3c)

0000 2c6.44900.0331mol0 0000000 70mLOOOOOCOOODO
O0000000000 10.8mLO0.133 mol04 equiv. D ODOODOOOO 7.7 mL
00.0994mol03equiv.0 0000000 ODOOODOOCOOODOOODODOOO
O0O0O003o000oooo100mLOO0D0O0OD0OOODO0DOOO 100 mL O
Jobooooooooooo1aMOO100mlOiMOOOOOOOOOOD 100
mLOO 100mLOOO0D0DOO0OOOOO0DOO100mLOOOODOODOOOODOOO
O0000000000D0000O0O00DbO00OOO0O0oDOOoODOO 3cooOonoa
O0000(9.63g,31.5mmol, 95%). IR (KBr) 3032, 2982, 2944, 2902, 1519, 1342,
1167, 981, 944, 914, 828, 800, 768, 739, 527, 490; "H NMR (CDCls) 52.06 (m, 4H),
2.73 (t, J = 7.5 Hz, 4H), 3.00 (s, 6H), 4.22 (t, J = 6.6 Hz, 4H), 7.13 (s, 4H); "*C NMR
(CDCl3) 6 30.55, 30.99, 37.26, 69.10, 128.53, 138.17.

2,2’-(1,4-Phenylenedioxo)diethyl dimesylate (3a)
O0000000000DO0ODOOMmM4%0R (KBr) 3028, 2927, 1508, 1352, 1328,

1239, 1227, 1172, 1080, 1033, 968, 934, 922, 833, 820, 749, 737, 527, 465; 'H

NMR (CDCl3) 63.09 (s, 6H), 4.20 (t, J = 4.5 Hz, 4H), 4.55 (t, J = 4.5 Hz, 4H), 6.86 (s,
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4H); "*C NMR (CDCl3) 637.79, 66.59, 68.03, 115.87, 152.82.

2,2'-(1,4-Phenylene)diethyl dimesylate (3b)

00000000000 D00O0O0OMm3%0R (KBr) 3030, 2967, 2933, 1518, 1349,
1335, 1206, 1165, 1055, 991, 951, 854, 822, 774, 721, 557, 529, 481; '"H NMR
(CDCI3) 62.88 (s, 6H), 3.04 (t, J = 6.6 Hz, 4H), 4.41 (t, J = 6.6 Hz, 4H), 7.20 (s, 4H);
3C NMR (CDCls) 35.17, 37.32, 70.13, 129.33, 135.15.

3,3'-(1,4-Phenylene)dipropyl diiodide (4c)

000000 3¢ 10.49g00.0297 mollD OO OODODOOO 14.3 g0 0.0951 molO
32equivC 00000 240mLO000000O00O0OO0OOOOOOOOOOOOO
Oo0oooooo100mLOO0OD0DOODOOM00mMLOTMOOODOOOODOO
OO0O0100mLOO0 50mLOOODOO0ODOOODOOODO S OmLOODODOOOODOO
dodbotdodotoooooouotodooooooooonooodooon
000000000 0000000000000 00000O0O 4¢10.6 d10.0257
molD 000000 87%00 000 0OIR (KBr)2919, 1513, 1448, 1419, 1352, 1204,
1158, 1087, 945, 832, 769, 726, 543, 499; 'H NMR (CDCl3) §2.11 (m, 4H), 2.70 (4,
J =7.5Hz, 4H), 3.17 (t, J = 7.5 Hz, 4H), 7.12 (s, 4H); >*C NMR (CDCls) 0 6.43,
34.88, 35.78, 128.67, 138.22; EI-MS for C42H4sl, calcd 413.93, found 414.

2,2’-(1,4-Phenylenedioxo)diethyl diiodide (4a)

O0000000D00000D0O0O093%0IR (KBr) 2963, 2926, 2906, 1507, 1456,
1404, 1381, 1288, 1263, 1225, 1183, 1073, 991, 845, 822, 718, 520; 'H NMR
(CDCl3) 63.39 (t, J = 6.9 Hz, 4H), 4.20 (t, J = 6.9 Hz, 4H), 6.84 (s, 4H); >°C NMR
(CDCl3) 4 1.41, 69.42, 116.10, 152.61; EI-MS for C1oH421,0, calcd 417.89, found
418.

2,2’-(1,4-Phenylene)diethyl diiodide (4b)

O0000000000D0ODOMm6%0R (KBr) 2940, 2926, 1507, 1445, 1420,
1302, 1168, 1122, 1020, 841, 762, 592, 503; '"H NMR (CDCls) §3.16 (t, J = 8.1 Hz,
4H), 3.34 (t, J = 8.1 Hz, 4H), 7.15 (s, 4H); ">*C NMR (CDCls) 55.51, 39.95, 128.60,
139.20; EI-MS for C4oH+2l, calcd 385.90, found 386.

5,5'-(1,4-Phenylene)bis[2-(methylthio)pentanal] bis(N,N-dimethylhydrazone)
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(5¢)

OoOo0oboooboboboboooboobon 3.07mLO 24.0 mmold 2.4 equiv.Od O
THFSOmLO OO COUOODOMMOOoOooooboobobobonboOdts7 MO
15.3mLO24 mmolUd 2.4 equiv0 0000001 000THFO20mLO OO OO O
OO0000 329190220 mmoll2.2 equivC 0000000 0OOOCOHOOO
Oobobobooooo-7secodbdoTHFO20mLO0DODODODOOO
O 4c414gd10.0mmoll 000 OO0OOO0OOOOOOOODOO0OOOODODOO
Doooboooboboobo1oomLObooboobbooobooboobobo
Dohooobogbobgogsombx2t00gpooooboobooboooonDg
Dohoodz20omLx2l0 0000000 b0o0boo0oobooboboobobobo
gooobobobobobobooobobobobobobbobbboboddoooooooogooua
Ooooooobob -O0booobobobbboooobobobbOodse 3.41 g s.07
mmolUUO D OD0D0OO 81%0000000 IR (neat)2918, 2855, 2783, 1513, 1468,
1442, 1252, 1137, 1017, 888, 827, 755; "H NMR (CDCl3) 51.6—1.8 (m, 8H), 2.00 (s,
6H), 2.5-2.7 (m, 4H), 2.75 (s, 12H), 3.28 (m, 2H), 6.33 (d, J = 4.2 Hz, 2H), 7.07 (s,
4H); *C NMR (CDCI;) 6 13.63, 29.04, 32.42, 35.09, 43.35, 48.74, 128.30, 137.88,
139.41; EI-MS for C22H3sN4S; calcd 422.25, found 422.

4,4'-(1,4-Phenylenedioxo)bis[2-(methylthio)butanal]
bis(N,N-dimethylhydrazone) (5a)

O0000000000 DOD0O0O0O64%0IR (neat) 2952, 3917, 2868, 2823,
2784, 1591, 1506, 1469, 1442, 1228, 1034, 826; 'H NMR (CDCls) 4 2.02 (s, 6H),
2.0-2.3 (m, 4H), 2.77 (s, 4H), 3.53 (m, 2H), 4.0-4.1 (m, 4H), 6.44 (d, 2H), 6.81 (s,
4H); *C NMR (CDCls) 513.11, 32.22, 43.24, 45.36, 65.94, 115.49, 136.44, 153.00;
EI-MS for CyoH34N40,S, calcd 417.89, found 418.

4,4'-(1,4-Phenylene)bis[2-(methylthio)butanal] bis(N,N-dimethylhydrazone)
(5b)

O0000000000 OOO000075%0IR (KBr) 2952, 2914, 5852, 2778,
1590, 1513, 1458, 1439, 1421, 1262, 1133, 1018, 961, 889, 841, 794, 561; "H NMR
(CDCl3) 6 1.9-2.1 (s, 6H and m, 4H, overlapped), 2.7-2.8 (s, 12 H and m, 4H,
overlapped), 3.29 (m, 2H), 6.37 (d, J = 7.2 Hz, 2H), 7.10 (s, 4H); "*C NMR (CDCl5)
013.36, 32.96, 34.45, 43.31, 48.22, 128.49, 137.49, 139.03; EI-MS for CoH34N4S,
calcd 394.22, found 394.
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5,5'-(1,4-Phenylene)bis[2-(methylthio)pentanal] (6¢)

0000000 5¢1.27g03.00mmol0 00000 60mLOOOOOGM OO
A0mLO 0000000000000 00O000000000O0O00O020 mL x 2011
O00000000OO00Do20mlO0b000DO0OOOD0DOOO0ODOOODDOODg
OO00000000000000DO0DO0DOO0DooooooooooooooDan
doddododotdoootdooooboooobonouoooooooonod
00000 6¢c815mgd241 mmol0 000000 80%00000000IR (neat)
2922, 2857, 2714, 1711, 1513, 1437, 1381, 1322, 1083, 963; '"H NMR (CDCls) &
1.5-1.9 (m, 8H), 1.90 (s, 6H), 2.61 (t, J = 6.3 Hz, 4H), 3.04 (m, 2H), 7.08 (s, 4H),
9.18 (d, J = 4.2 Hz, 2H); *C NMR (CDCls) & 12.37, 26.39, 28.64, 34.97, 53.97,
128.37, 139.05, 192.75; EI-MS for C1gH260,S, calcd 338.14, found 338.

4,4'-(1,4-Phenylenedioxo)bis[2-(methylthio)butanal] (6a)

O0000000D0000D00O0O69%0IR (KBr) 2925, 2850, 1700, 1500, 1235,
1040, 820; '"H NMR (CDCl3) & 1.94 (s, 6H), 2.0-2.4 (m, 4H), 3.3-3.4 (m, 2H),
4.0-4.1 (m, 4H), 6.80 (s, 4H), 9.33 (d, J = 3.3 Hz, 2H); "*C NMR (CDCls3) & 12.03,
27.09, 50.91, 65.38, 115.51, 152.93, 192.04; EI-MS for C4¢H2204S, calcd 342.10,
found 342.

4,4'-(1,4-Phenylene)bis[2-(methylthio)butanal] (6b)

O0000000000 000000 O085%0IR (neat) 2921, 2827, 2715, 1710,
1514, 1437, 1382, 1351, 1322, 1113, 1077, 1022, 810, 754; '"H NMR (CDCls) &
1.8-2.0 (s, 6H and m, 2H, overlapped), 2.0-2.2 (m, 2H), 2.6- 2.8 (m, 4H), 3.0-3.1
(m, 2H), 7.12 (s, 4H), 9.22 (d, J = 3.9 Hz, 2H); *C NMR (CDCls) 4 12.04, 28.40,
32.35, 53.05, 128.70, 138.47, 192.50; EI-MS for C1sH220,S, calcd 310.11, found
310.

5,5’-(1,4-Phenylene)bis[(2-dimethylsulfanylidene)butanal] (1c)
O0000000MDOO0000 6c434m@1.28mmoll 0000000 128 mL
Do ooooooboobooogg 4171 mgl 2.82
mmolldJ22equiv0 000000000 O0ODOOODODOODOOODODOOODOOO
OO00000000000000o0ooooooooooooooooooonan
Oddooo128mLOfdfdO°COddd0NO0OOooOoOoOoooonoon 4.2mLd
125 MO00000000000 205 0000000000 0O0O0DODO45000
O000000011500000000000000O000D0DOO0OOO0ODODOO
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0000000000000 0000000000000000@O000000
00 )1c 463 mgd 1.26 mmolJ0 0 O 00 O 99%00 O O O O OIR (KBr) 3012, 2925,
2860, 2792, 1637, 1562, 1433, 1372, 1343, 1298, 1032, 986, 975, 683, 523, 476;
"H NMR (CDCls) 51.7—1.9 (m, 4H), 2.30 (t, J = 7.8 Hz, 4H), 2.46 (s, 6H), 2.67 (t, J =
7.5 Hz, 4H), 7.12 (s, 4H), 8.38 (s, 2H); ®C NMR (CDCls) & 2159, 30.53, 32.65,
35.38, 77.68, 128.40, 139.57, 174.05; EI-MS for CaoH300,S, calcd 366.17, found
366.

4,4'-(1,4-Phenylenedioxo)bis[2-(dimethylsulfanylidene)butanal] (1a)

O0000000D000 000000 85%0IR (KBr) 3000, 2910, 2875, 1560,
1505, 1460, 1365, 1220; 'H NMR (CDCls) §2.61 (s, 6H), 2.74 (t, J = 5.7 Hz, 4H),
4.08 (t, J = 5.7 Hz, 4H), 6.78 (s, 4H), 8.43 (s, 2H); "*C NMR (CDCl3) 622.75, 31.39,
67.41, 74.76, 115.22, 152.89, 175.40; EI-MS for C4gH2602S, calcd 370.13, found
370.

4,4'-(1,4-Phenylene)bis[2-(dimethylsulfanylidene)butanal] (1b)

O0000000D000 O00000069%0IR (KBr) 3002, 2915, 2781, 1635,
1558, 1440, 1423, 1375, 1355, 1322, 1112, 1069, 1042, 1001, 966, 814, 681, 568,
508, 466; '"H NMR (CDCl3) §2.14 (s, 6H), 2.50 (t, J = 6.9 Hz, 4H), 2.92 (t, J = 6.9 Hz,
4H), 7.13 (s, 4H), 8.42 (s, 2H); *C NMR (CDCls) & 25.32, 30.43, 34.21, 75.34,
128.93, 140.06, 175.10; EI-MS for C1gH260,S; calcd 338.14, found 338.

lc 000 Ceo DODOODODOOODODO

Ceo (72.1 mg, 0.100 mmol) DO O OOOOO(72 mL)OOOOO1c (36.7 mg,
0100 mmol) OO DO80°CO200000000000DO00000O00O0DO0DO0O
O000000D000 TLC(CS/CHCL, =41, viv DD OODOODOOOOODODOO
O bis(formylmethano) Ceo U O O ORfOODOOOOO 7c-1 (0000, 8.4 mg, 8.7
umol, 9%)07c-2 (U000, ODO0O)d 7e-3(UO OO, 29.0 mg, 30.1 umol, 30%)0J
O00000000O0000 MALDI-TOF-MS OD0OO0O0O m/z=962100000
O000000000000000 m/z=962100 000000000

b 000 Ceo OOODOOODOOODOODOO
OO00oO0ooooooorfOOoboonognD 7b-1(0DO0D0DO,17%)07b-2(0 00O

O,000)0bobobodgbod MALDI-TORF-MS O00OU0OO0O m/z =934000

OoOO00b0o0oooboobboobobdd mz=9341000000b00oonoO
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7b,c OO0DOODOO

7b-100%C 00 '"HNMR OOODODOOOO C, 00000000000 OOO
D000000 trans-2, trans-3,cis-3 0000000000000 0OOO OO0
0200000000000000000000000000 transO000000
D0000000000007b-10 cis-300000000007b-1 00 UV-Vis
D00000000000000D000000D0 CeUDOO0O00DDOOOnO
D000000cs-3000000000000000000 7b-200HNMR O
D00000 COOO0O00O00DDDODtrans-4, cis200000000000
D00000000000 rans0000000000000OUV-VisOOODODOO
OO0 cs-2000000000000000000D0D000OOcis-2000000
0oog

D0o0®coDo 'WHNMR DD00ODD0O000O7¢-10 C, 0O DO7¢c-20 C, 00O
7c-20 C, 000000000000 0O000O0DUV-VisOOODODOO0ODOO0OOO
O07c-20 equatorial D0 7c-20 trans-4 D OO0 0D0O0O7c-10000000O0
00 trans-2, trans-3,cis-3 00000000 O0O0O0O0O0O0O0O0O0O0OO0O 7b-10
UV-Vis0ODOOOOOOOOO0OO0ODO00O0OO00OOcis-3000000000

cis-3-7b IR (KBr) 2919, 1848, 1716, 1637, 1427, 1185, 526; 'H NMR (CDCl3:CS; =
1:1, vIv) 62.99 (1, J = 8.1 Hz, 4H), 3.22 (t, J = 8.1 Hz, 4H), 7.23 (s, 4H), 10.59 (s,
2H); *C NMR (CDCI3/CS; = 1:1, v/v) 527.99, 32.98, 48.41, 74.46, 129.51, 137.72,
137.80, 138.30, 140.82, 141.05, 141.46, 141.94 (3 peaks, overlapped), 142.83,
142, 88 (2 peaks, overlapped), 143.69 (2 peaks, overlapped), 144.42, 144.56,
144.60, 144.64, 144.68, 144.81, 145.14 (2 peaks, overlapped), 145.19 (2 peaks,
overlapped), 145.60, 146.80, 194.20; MALDI-TOF-MS
(9-nitroanthracene/CF3SO3Ag) for C74H14AgO; calcd 1041.00, found 1041.02.
cis-2-7b "H NMR (CDCls) 4 2.3-2.5 (m, 2H), 2.9-3.2 (m, 4H), 3.3-3.5 (m, 4H),
7.04 (s, 2H), 7.14 (s, 2H), 10.12 (s, 2H); MALDI-TOF-MS (dithranol) for C74H140>
calcd 934.10, found 934.15.

cis-3-7c IR (KBr) 2921, 2850, 1716, 1509, 1426, 1184, 525; '"H NMR (CDCI3/CS;
=1:1, v/v) 52.25 (m, 4H), 2.76 (t, J = 8.1 Hz, 4H), 2.84 (m, 4H), 7.15 (s, 4H), 10.50
(s, 2H); *C NMR (CDCls: CS, = 1:1, v/v) & 25.05, 29.14, 38.51, 49.78, 74.93,
128.59, 137.74, 137.90, 138.70, 140.91, 141.04, 141.46, 141.70, 141.88, 141.98,
142.85 (4 peaks, overlapped), 143.59, 143.68, 144.35, 144.45, 144.55 (2 peaks,
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overlapped), 144.78, 145.07, 145.14, 145.19, 145.56, 146.41; MALDI-TOF-MS
(dithranol) for C76H1s0, calcd 962.13, found 962.10.

trans-4-7c 'H NMR (CDCl3) 6 1.9-2.1 (m, 2H), 2.2-2.4 (m, 4H), 2.7-2.9 (m, 4H),
2.9-3.2 (m, 2H), 6.83 (s, 2H), 7.01 (s, 2H), 10.39 (s, 2H); MALDI-TOF-MS
(dithranol) for C76H1s0, calcd 962.13, found 962.11.

equatorial-7c IR (KBr) 2925, 2853, 1716, 1636, 1445, 1183, 676, 525; 'H NMR
(CDCl3) 2.0-3.5 (m, 12H), 6.8-7.2 (m, 4H), 10.40 (s, 1H), 10.50 (s, 1H); *C NMR
(CDCl3) 0 23.19, 26.07, 29.52, 29.69, 34.66, 35.96, 50.38, 52.66, 74.66, 75.80,
126.52, 129.08, 129.98, 130.72, 138.05, 138.13, 138.29, 138.69 (4 peaks,
overlapped), 140.10 (2 peaks, overlapped), 140.39 (2 peaks, overlapped), 141.11,
141.19, 141.54, 141.68 (2 peaks, overlapped), 142.10, 142.20, 143.08, 143.16,
143.38, 143.52, 143.70, 143.75, 143.85, 143.91, 143.96, 143.98, 144.01, 144.29,
144.32, 144.39, 144.54, 14457, 144.65, 144.77, 144.82, 144.97 (2 peaks,
overlapped), 145.35, 145.43, 14547, 145.75, 145.90, 146.14 (2 peaks,
overlapped), 146.18, 146.27, 146.30, 146.48, 146.54, 147.27, 147.36, 148.18,
148.74, 194.70, 194.85; MALDI-TOF-MS (dithranol) for CzsH1gO, calcd 962.13,
found 962.11.

equatorial-9c 0 OO

equatorial-7¢] 19.3 mg, 20 umol[1#,4”-diamino-2’,5’-bis(dodecyloxy)-p-terphenyl
(8)012.6 mg, 20 pmoll[l] 1,4-diazabicyclo[2.2.2]-octane (DABCO)U 89.7 mg, 20
umol 0 00O 4 mLOI OO OOTCly, 0 CHLCI, O 11 0.5 M, 400 pL, 0.20 mmold
Do000o0booooooooosoooooooboobooboooooooo
OO0000000000DO0DO0o0oOoooooooooooooooooon
OO00000D0O0D0O0D0000oooooo0oooDooDooooooooooaon
O000000o00o0booo0oooobooobooooOoonogd equatorial-9c
[130.8 mg, 20 ymol, quant.O0 00 0O O0O0OO0O

gooooon

1. Kadish, K. M.; Ruo, R. S. "Fullerenes: Chemistry, Physics, and Technology",
Wiley-Interscience, New York, 2000.
2. 00000000000D0O0O0O CepbOOODOOOoDOoOononO a)loy,D.A;
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Nishimura, T.; Takatani, K.; Sakurai, S.; Maeda, K.; Yashima, E. Angew. Chem.,
Int. Ed. 2002, 41, 3602; d) Gutiérrez-Nava, M.; Masson, P.; Nierengarten, J.-F.
Tetrahedron Lett. 2003, 44, 4487; e) Yamazaki, T.; Murata, Y.; Komatsu, K;;
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[18,36]

lan=1 1d le
1b:n=2
lc:n=3

Figure 4-1. equatorial-bifunctionalized Cgps.

Table 4-1. Synthesis of bis(formylmethano) Cggs.

+
SM62
-~ "CHO
Ce0
e
C6H5Br
- _CHO
§M62
2aan=1 la—c
2b:n=2
2c:n=3
) isolated yield / %
entry ylide temp
cis-3  equatorial trans-4
1P 2a rt 23 12 —a
2b 2a 80 °C 9 30 trace
3 2b rt 6 5 trace
4 2b 80 °C 6 22 trace
5 2c rt 8 26 3
6 2c 80 °C 6 22 3
4 Not detected.

b See Chapter 3.
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Figure 4-2. NMR detections of Monoimination of le.
(top: 1e, bottom: monoimine-1e, left: '"H NMR, right: ">*C NMR)

Table 4-2. Assignment of the *C NMR signals attributable to the

methano-bridge carbons in the Bis(formylmethano)Cgos la-e

chemical shift / ppm (orientation)

[1,2] [18,36]
la 52.66 (out)  50.38 (out)
1b 52.10 (out)  49.78 (out)
1c 52.30 (out)  50.13 (out)
1d 52.29 (out)  49.78 (out)

le 52.95 (in) 49.97 (out)
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Figure 4-3. *3C NMR detection of monoiminations.
(top: dialdehyde, bottom: monoimine)

1a 1b 1c 1d
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Figure 4-4. *H NMR detection of monoiminations.
(top: dialdehyde, bottom: monoimine)
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0000000000000 00000000000000000O000O000O0
oo uobouoouoo
000000000000 0D00D00000 CepUObOOoouoobobuobon
ooono

45.CU 0D U00OODOOODOODDOODO

O000000D0D0Ddbis(formylmethano)Ceo D0 D DD OODDDODOOODODO
O000000000000000D00000DO00bO0o00ooDbOOoOoooOooDoDo
O0000000000D000D0000D000D0000CeeOOODOoOonooDO
0000000 ®O0o0000000000000000000o0oooooo
OO000D0O000000000DO0000000DO0o0bOo0o0ooDbOoOooDoooDoDo
OO00O0OScheme 4-1001a OO0 0O0OD0O0OD0O0OD0ODO1a00000O0O00OO0
4-methoxyaniline (3c)0 1-aminopyrene 3e)J 0 0000 OO OOOOO 3c-la-3e
O 3e-la3c 00000000 DOOODOOOODOOODOOODODOODOOODODOO
000000000000 0000O00DbO000OO000DOO0ODOO0OOoDoDOg3c d
la00000000D00O0O00O 3¢c-1b-CHOO 3e0000D0ODOODODODOOO
OO0O000O GPCOOOODDOODOODDODOODDODOODOODDOOODOO
(69%) 0000000 MALDI-TOF-MS O OO O 3c-1b-3e OO 3e-1b-3c 0 OO O
D0000m/iz=1267270 0000HNMROODODOODOOOOOOODOOO
O00000000000O0DOO00bO0000DDbO0o0bOo0oOooDbOoOoDoOooDoDOo
0 3c-la-3c 0 3e-la-3e D0 O0O00ODODOOOOODODOOOODODOOOOODO
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Table 4-3. Bis(formylmethano)Cgp 1a-c with aromatic amines 3a-g.

lc:in=3 3a-g 3-1-CHO CHO-1-3 3-1-3
isolated yield /%2
entry Ar—NH, la—c
3-1-CHO + CHO-1-3°  3-1-3  1,ccovered
1 la 73 (95:5) 15 12
2 @NHZ 3a 1b 34 (60 :40) 14 18
3 1c 39 (62:38) 20 23

\
4 /N@—NHZ 3b la 59 (93:7) 16 29
5 MeOONHZ 3c la 55 (95 :5) 24 0

3f

9 N/\\:/>—NH2 3g la 44 (89:11) 4 31

@ Total yield of a mixture of the regioisomers 3-1-CHO + CHO-1-3.
b Determined by 'H NMR.
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goboobbodoooobobbobbodoooonbn 3e-1la-3cUUddnnom
O0lal 3ed 0000000000 3e-1la-CHOO O OO OO OOB®%MIOOMO
D00 3c000000000D00O00000D0O00O 3e-1a-3c U 75%0000
oo

Scheme 4-1. Synthesis of Cgp-centered dissymmetric triads.
OMe OMe
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000000000 00D000D000 3c-1la-3ed 0 3e-la-3c0 000D OODO
O0000000000D00000DbO00bO00Oo0obOOooooOoHPLCOOODO
O0000000oooooboooooonoodn (column, Merck LiChroCART
Si60; 0 00O toluened 0 O OO 3c-1b-3eld 9.7 mind 3e-1b-3cO 10.7 min)J Figure
4-70 0000000000000 DODODOO0O0O0O0O0ODODODODOO0O0O0OUV-Vis
OO00ooooo400-c00nm 00 00000O0OODODODOOOOFigure 4-6L100 O
00000 Be-la-3ed 3e-la-3c 00000000 DOOODODODOODOOODODOOO

ol

0.6

3c-1a-3e

Abs

Dod e S e

Je-1a-3¢

n.z

n
400 450 00 A50 GO0
Wawelength £ nm

Figure 4-6. UV-Vis spectra of the dissymmetric triads.

|-

L
ST

Figure 4-7. HPLC analyses of the dissymmetric triads.
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4.6.00

OO0O00D0O00O00O0O0O out/out-equatorial bis(formylmethano)Cgp 1a—1c O 0 O [
O000000000D0 CeoUODDOOODOODDODDOOODOODOoOoOonog
000000000000 01a00D000000D0DOOODODOO0OD 1a01,2]
dodbodooooooboddododoooooooouodoooooon
OO0000000000000DbOO0bOO0oOoooooooooooooooaon
O0000000000D0000000DO00Db00000CeOODOOOoOoog
dodbododotoooooboouododooooooooododoon
00 CeoUODDOODOODDOODOODDOODNOO CeoDOOnooonoa
OO0oO0oO0ooooooood

Ooo
goono

O0000000000D00000000Ce (299.5%) DO DO OODOOOO
Bis(a-formylsulfoniumylide)s2a—c U0 300000000 O0OO0OOO0OOOOO
Supporting Information 0 00 0 [1] 1e and 1f [0 [J 200000000000'H-00
BC-NMR OO0 000 Varian Mercury 300 0 0 0000000000 300 MHz
OO0 75 MHzOOOOOUVNisOOOOOOOJASCO V-5500 00000000
ROODOODOOCFT-IROOOOOODOOOOODOOOMALDI-TOF-MS O [Cpositive
mode 0 00O 0O OO

2b000 Ceo DOODODODOO

O000000D0D0O0D0 O Cout/out-equatorial 0 O O 0 0O Ce (e OO OO
23%0 out/out-cis-3 D OO OO Cell OO OO UO9%U out/out-trans-4 0 0 0 00
Ceo U U0 DO OO traceld
1c: IR (KBr) 2925, 2854, 1717, 1458, 864, 795, 743, 712, 676, 525; '"H NMR
(CDCl3) 61.8-2.4 (m, 4H), 2.5-3.0 (m, 12H), 6.8-7.0 (m, 4H), 10.36 (d, J = 1.2 Hz,
1H), 10.43 (s, 1H); "*C NMR (CDCI3/CS, = 1:1, v/v) §24.80, 25.81, 25.92, 26.34,
28.74, 31.22, 33.38, 34.30, 50.13, 52.30, 74.28, 74.55, 75.44, 76.58, 128.04,
128.85, 137.79, 137.87, 138.09, 138.30, 139.19, 139.59, 139.89, 140.69, 140.79,
141.31, 141.34, 141.54, 141.61, 142.17, 142.54, 143.10, 143.27, 143.59, 143.77,
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143.81, 143.86, 143.96, 144.18, 144.25, 144.39, 144.46, 144.61, 144.67, 144.69,
144.79, 144.89, 144.94, 145.03, 145.06, 145.45, 145.49, 145.50, 145.57, 145.92,
146.01, 146.05, 146.23, 146.42, 146.48, 146.54, 147.34, 147.43, 147.60, 148.01,
148.81, 194.54; MALDI-TOF-MS (dithranol) for C7sH220, calcd 990.16, found
990.06.

out/out-cis-3 bisadduct of 2c: IR (KBr) 2921, 2850, 1716, 1427, 1186, 754, 526; 'H
NMR (CDCI3:CS;, = 1:1, v/v) 61.8-2.0 (m, 8H), 2.6-2.9 (m, 8H), 7.11 (s, 4H), 10.53
(s, 2H); MALDI-TOF-MS (dithranol) for C7sH2,0, calcd 990.16, found 990.14.
out/out-trans-4 bisadduct of 2c: IR (KBr) 2924, 2851, 1716, 1434, 752, 525; 'H
NMR (CDCI3) 6 1.2-3.1 (m, 16H), 6.97 (s, 4H), 10.45 (s, 2H); MALDI-TOF-MS
(dithranol) for C7gH22,0, calcd 990.16, found 990.17.

2c000 Cep DODDOODOODO

0000000000000 [out/out-equatorial0 0000 Ceo (1d):0 0 OO O
22%0 out/out-cis-3 OO0 O 00O Cegl OO OOO6%0 out/out-trans-4 OO0 O 0O 0O
Ceo 0 O 00O 3%0O
1d: IR (KBr) 2925, 2852, 1718, 1458, 741, 712, 675, 526; '"H NMR (CDCls) &
1.2-1.4 (m, 2H), 1.4-2.0 (m, 10H), 2.1-2.3 (m, 1H), 2.4-2.7 (m, 6H), 2.8-3.0 (m,
1H), 6.88 (d, J = 7.8 Hz, 2H), 6.97 (d, J = 7.8 Hz, 2H), 10.38 (s, 1H), 10.43 (s, 1H);
3C NMR (CDCls) 8 25.56, 26.26, 26.62, 26.98, 27.14, 28.10, 29.48, 29.97, 33.35,
35.04, 49.78, 52.10, 74.91, 75.46, 75.76, 75.84, 128.21, 128.31, 128.53, 137.78,
137.90, 138.57, 138.66, 139.08, 139.70, 140.36, 141.17, 141.26, 141.29, 141.47,
141.55, 141.68, 141.95, 142.03, 142.17, 143.20, 143.24, 143.68, 143.69, 143.71,
143.83, 143.86, 143.99, 144.07, 144.31, 144.41, 144 .47, 144.55, 144.65, 144.66,
144.69, 144.73, 144.82, 144.97, 145.01, 145.35, 145.50, 145.57, 145.67, 146.07,
146.13, 146.20, 146.31, 146.41, 146.47, 146.51, 146.71, 147.31, 147.36, 148.02,
148.79, 194.45, 194.77; MALDI-TOF-MS (dithranol) for CgoH260, calcd 1018.19,
found 1018.25.
out/out-cis-3 bisadduct of 2d: IR (KBr) 2921, 2849, 1716, 1426, 1184, 525; 'H
NMR (CDCl3:CS; = 1:1, v/v) 0 1.5-1.7 (m, 4H), 1.7-1.8 (m, 4H), 1.9-2.0 (m, 4H),
265 (t, J = 7.5 Hz, 4H), 2.7-2.8 (m, 4H), 7.07 (s, 4H), 10.55 (s, 2H);
MALDI-TOF-MS (dithranol) for CgoH260> calcd 1018.19, found 1018.19.
out/out-trans-4 bisadduct of 2d: IR (KBr) 2922, 2851, 1718, 1457, 1429, 524; 'H
NMR (CDCl3) 6 1.2-1.4 (m, 2H), 1.4-1.9 (m, 10H), 2.2-2.3 (m, 2H), 2.5-2.6 (m,
4H), 2.8-3.0 (m, 2H), 6.88 (s, 4H), 10.50 (d, J = 0.9 Hz, 2H); MALDI-TOF-MS
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(dithranol) for CgoH260, calcd 1018.19, found 1018.21.

000000 3a—gUOOO0OO0OO0OODOOODOO

Oo0o0do: 1a(15.0 mg, 15.6 umol)O 1,8-diazabicyclo[2,2,2]octane (DABCO)
(409 mg, 3.65 mmol)d CH.CIx] 15mLO0 00 0 00 0 0 0 (3a)d CHLCl, O O (0.21
M, 73 uL, 15.6 umol) O 0O TiCly (74 mg, 30 umo) O O OO OO OO OOOOOO
O00000000D0DO000000DO00000D0DODbOOCHCLODODDODOOO
O000000DO000000DOO00bO0oO0DbOoOo eGPCOODDOODOODDO
00 00 3a-1a-CHOOHCO-1a-3ad (11.8 mg, 11.4 umol, 73%)00 0 0 0O 0 3a-la-3a
(26 mg, 2.3 umol, 15%)0 0000 la(1.8mg, 1.9 umol, 12%) 00000000

3a-1a-CHO: HCO-1b-3a (3a-1b-CHO:HCO-1b-3a = 95:5)0 0 0. 'H NMR
(CDCl3) 62.0-3.5 (m, 12H), 6.7-6.9 (m, 2H), 7.1-7.2 (m, 1H), 7.2-7.3 (m, 4H), 7.46
(t, J =7.8 Hz, 2H), 8.69 (s, 1H), 10.51 (s, 1H); MALDI-TOF-MS (dithranol) for [M +
H]" Cg2H24NO caled 1038.19, found 1038.18.

3b-1a-CHO: HCO-1b-3b (3b-1b-CHO:HCO-1b-3b = 93:7)0 0 0. 'H NMR
(CDCl3) 62.0-3.5 (m, 12H), 3.01 (s, 6H), 6.8-7.3 (m, 4H), 6.80 (d, J = 8.1 Hz, 2H),
7.28 (d, J = 8.1 Hz, 2H), 8.73 (s, 1H), 10.51 (s, 1H); MALDI-TOF-MS (dithranol) for
Cs4H2sN20 calcd 1080.22, found 1080.15.

3c-1a-CHO: HCO-1b-3c (3c-1b-CHO:HCO-1b-3c = 95:5)0 0 0. 'H NMR
(CDCl3) 62.0-3.5 (m, 12H), 3.86 (s, 3H), 6.7-6.9 (m, 2H), 6.98 (d, J = 9.0 Hz, 2H),
7.1-7.2 (m, 1H), 7.2-7.3 (m, 1H), 7.26 (d, J = 9.0 Hz, 2H), 8.71 (s, 1H), 10.51 (s,
1H); MALDI-TOF-MS (dithranol) for [M + H]" Cg3HNO calcd 1068.20, found
1068.14.

3d-1a-CHO: HCO-1b-3d (3c-1b-CHO:HCO-1b-3d = 96:4)0 0 0. 'H NMR
(CDCl3) 6 2.0-3.2 (m, 11H), 3.2-3.5 (m, 1H), 6.7-6.9 (m, 2H), 7.1-7.2 (m, 1H),
7.2-7.3 (m, 1H), 7.31 (d, J = 8.7 Hz, 2H), 8.34 (d, J = 8.7 Hz, 2H), 8.68 (s, 1H),
10.51 (s, 1H); MALDI-TOF-MS (dithranol) for [M + H]* Cg2H23N,O3 caled 1083.17,
found 1083.16.

3e-1a-CHO: HCO-1b-3e (3e-1b-CHO:HCO-1b-3e = 95:5)0 0 0. 'H NMR
(CDCl3) 62.0-3.5 (m, 12H), 6.7-7.0 (m, 2H), 7.1-7.2 (m, 1H), 7.4 (m, 1H), 7.73 (d,
J =8.1 Hz, 1H), 8.0-8.1 (m, 3H), 8.2-8.3 (m, 4H), 8.71 (d, J = 9.3 Hz, 1H), 8.96 (s,
1H), 10.51 (s, 1H); MALDI-TOF-MS (dithranol) for [M + H]" Cg,H2sNO calcd
1062.22, found 1062.20

3f-1a-CHO: HCO-1b-3f (3f-1b-CHO:HCO-1b-3f = 97:3) 0 O O. 'H NMR
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(CDCls) 62.0-3.5 (m, 12H), 6.8-7.2 (m, 4H), 7.63 (d, J = 8.1 Hz, 2H), 7.7-7.9 (m,
9H), 8.1-8.3 (m, 6H), 8.33 (d, J = 8.1 Hz, 2H), 8.8-8.9 (m, 7H), 8.94 (d, J = 4.8 Hz,
2H), 10.4 (s, 1H), 12.21 (s, 2H); MALDI-TOF-MS (dithranol) for [M + HJ*
Ci120Ha7NsO caled 1574.39, found 1574.33.

3g-1a-CHO: HCO-1b-3g (3g-1b-CHO:HCO-1b-3g = 89:11) 0O 0. 'H NMR
(CDCls) 62.0-3.5 (m, 12H), 3.86 (s, 3H), 6.7—6.9 (m, 2H), 6.98 (d, J = 9.0 Hz, 2H),
7.1-7.2 (m, 1H), 7.2=7.3 (m, 1H), 7.26 (d, J = 9.0 Hz, 2H), 8.71 (s, 1H), 10.51 (s,
1H); MALDI-TOF-MS (dithranol) for [M + H]* CgiH2sN,O calcd 1039.18, found
1038.25.

lb—e O 3a00000000O0
la U 3a—qUUUOOOUOOOOOUOOOOOOOOO

00000000 3c-1a-3e 000

3c-1a-CHO (containing 5% HCO-1a-3c, 12 mg, 12 umol)J DABCO (300 mg, 2.7
mmol) CH,Cl, O O O O 4-aminopyrene (3e) (2.5 mg, 12 umol)d O TiCls (55 mg,
288 umo)J 0000000 0ODOOD0OOOOOO0OOODODODODODODO
O00000000CHCLOOD OO DODDODOooooooooooooooooon
00000 GPCOUODOODO3c-1a-3¢16%0 3e-1la-3c U O OO0 OO O((M1 mg, 8.7
umol, 75%) 000000 HPLCOODOODOODOO 3c-1a-3el 3e-1a-3c 00000
1%00000000
3c-1a-3e: IR (KBr) 2925, 2852, 1636, 1504, 1458, 1246, 1181, 1036, 842, 525; 'H
NMR (CDCls) 6 2.0-3.0 (m, 10H), 3.2-3.3 (m, 1H), 3.6-3.8 (m, 1H), 3.86 (s, 3H),
6.8-6.9 (m, 2H), 6.98 (d, J = 9 Hz, 2H), 7.1-7.2 (m, 1H), 7.26 (d, J =9 Hz, 2H), 7.5
(m, 1H), 7.73 (d, J = 8.1 Hz, 1H), 8.0-8.1 (m, 3H), 8.2-8.3 (m, 4H), 8.7 (s, 1H), 8.78
(d, J = 9.3 Hz, 1H), 9.04 (s, 1H); *C NMR (CDCls) & 24.09, 25.34, 28.91, 29.79,
34.86, 36.70, 47.84, 49.98, 55.55, 78.73, 114.46, 115.98, 122.24, 123.13, 124.81,
125.19, 125.24, 125.69, 126.28, 127.04, 127.28, 127.68, 130.04, 130.15, 130.78,
131.38, 131.50, 137.25, 137.52, 138.41, 138.66, 139.10, 139.95, 139.83, 140.14,
140.96, 141.02, 141.55, 141.81, 141.90, 142.60, 142.84, 143.05, 143.21, 143.54,
143.63, 143.78, 143.96, 144.00, 144.04, 144.22, 144.32, 144.44, 144 .47, 144.69,
144.75, 144.85, 145.19, 145.14, 145.35, 145.45, 145.61, 145.64, 145.76, 145.95,
146.09, 146.30, 146.35, 146.48, 146.77, 147.08, 147.16, 149.47, 149.90, 157.45,
158.53, 160.45; MALDI-TOF-MS (dithranol) for [M + H]* CggH3sN2O calcd 1267.27,
found 1267.27.
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00000000 3e-1a-3c000O

3c-la-3eJ 00O ODOO 3e-la-CHO(containing 5% of HCO-1a-3e)] 3c 0 0 0
O0000000D00 3e-1a-3c 05%0 3c-la-3e D000 0O 75%0000000
O0000 HPLCOODOOODODOO 3e-1la-3cU3c-la-3a 0000 1%0000
Ooon
3e-1a-3c: IR (KBr) 2923, 2851, 1636, 1503, 1458, 1246, 1180, 1035, 843, 524; 'H
NMR (CDCl3) 6 1.9-2.1 (m, 1H), 2.4-2.8 (m, 7H), 3.0-3.3 (m, 3H), 3.4-3.6 (m, 1H),
3.86 (s, 3H), 6.8-6.9 (m, 2H), 6.99 (d, J =9 Hz, 2H), 7.2 (m, 1H), 7.31 (d, J = 9 Hz,
2H), 7.4 (m, 1H), 7.73 (d, J = 8.1 Hz, 1H), 8.0-8.1 (m, 3H), 8.2-8.3 (m, 4H), 8.71 (d,
J=9.3 Hz, 1H), 8.79 (s, 1H), 8.96 (s, 1H); *C NMR (CDCls) 623.74, 25.72, 28.73,
30.07, 35.04, 36.26, 47.43, 50.42, 55.58, 78.89, 114.55, 115.99, 122.23, 123.12,
124.86, 125.04, 125.14, 125.18, 125.28, 125.67, 126.24, 126.96, 127.31, 127.54,
130.02, 130.76, 131.44, 131.56, 137.47, 137.62, 138.42, 138.69, 138.98, 139.68,
140.14, 140.90, 141.58, 141.82, 141.85, 141.93, 142.71, 142.87, 143.06, 143.19,
143.49, 143.66, 143.77, 143.81, 143.99, 144.07, 144.24, 144.35, 144.38, 144 .42,
144 .46, 144.64, 144.68, 144.98, 145.22, 145.22, 145.35, 145.50, 145.62, 145.64,
145.76, 145.95, 146.36, 146.47, 146.51, 146.54, 146.8, 147.11, 147.16, 149.54,
150.15, 157.59, 158.71, 160.35; MALDI-TOF-MS (dithranol) for [M + H]" CggH35N20
calcd 1267.27, found 1267.27.
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Table 5-1. Synthesis of bis(formylmethano)Cg with long alkyl chains.

+
SM62
- CHO
R
R
- CHO
§Me2
2a: R=H
2b: R= OC18H37
_ isolated yield / %?
entry ylide temp.
cis-3  equatorial trans-4
1° 2a rt 23 12 —
2b 2a 80 °C 9 30 trace
3 2b rt 32 0 —
4 2b 80 °C 33 5 —

4__: Not detected.
b See Chapter 3
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Table 5-2. polycondensation of bis(formylmethano)Cegos
with various diamines.

H2N_AI'_NH2
TiCl,/DABCO
PhH
cis-3-la: R=H
cis-3-1b: R =C4gHs7
entry HoN—Ar—NH» R yield M, My M,/M, DPw

1 H 22% 100 2100 21 1.4
2 OCqgHs; 83% 190 17000 90 8.1
3 OCigHzz 71% 190 10000 53 6.4
4 OCigHzz 34% 130 3600 28 23
5 OCqgHs7 34% 200 7400 37 4.2

6 Q/ OCqgHs7 47% 100 3300 33 2.0
HoN NH,

O OCigHay 44% 180 7600 42 45
NH,
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Scheme 5-1. Synthesis of Head-Head and Head-Tail polymers

S S
"‘ 4 H-T}-6
0&2[ 2400

5 [H-H]-6
M,, = 13000
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Figure 5-1. NMR spectra of [H-H]-6 (top) and [H-T]-6 (bottom).
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iy

2b000 Ceo OOODOOODOO
DO0000DbO0DbO000000cis-3-1b000 00O 0O 33%U equatorial-1b0 O [
000 5%0

cis-3-1b: IR (KBr) 2920, 2850, 1718, 1506, 1033, 525; "H NMR (CDCls) 50.88 (t, J
= 6.9 Hz, 6H), 1.2-1.4 (m, 64H), 1.7-1.8 (t, J = 6.9 Hz, 4H), 2.23 (m, 4H), 2.80 (t, J =
3.9 Hz, 4H), 3.82 (m, 4H), 6.66 (s, 2H), 10.57 (s, 2H); MALDI-TOF-MS (dithranol)
for C112HgoO4 caled 1498.68. found 1500.50.

equatorial-3-1b: '"H NMR 6 0.88 (t, J = 6.9 Hz, 6H), 1.22 (m, J = 16.8Hz, 64H),
2.1-2.4 (m, 2H), 2.5 (m, 2H), 3.1 (m, 1H), 3.4 (m, 1H), 3.8 (m, 1H), 6.4 (m, 2H), 6.7
(m, 2H), 10.40 (s, 1H), 10.57 (s, 1H); MALDI-TOF-MS (dithranol) for C112Hg0O4
calcd 1498.68. found 1500.18.

00000000000 equatorial-klad00OOOOO0Od

MA4A 1g O O 0O O 4,4”-diamino-2’,5’-bis(dodecyloxy)-p-terphenyl (12.6 mg, 20
umol)O equatorial-1a(19.3 mg, 20 umol)D DO OO O1OmLO OO OO OODODOO
500000000MS4A00000O0O0O0DODO0O0O0O0O0OOODOODOOOO0O0
O000000 GPCOO0ODOONDOODODODODOOODOOA: 8.6 mg, 27%0
5:4.7 mgd 11%0

4: "H NMR 50.8-1.0 (m, 6H), 1.0-3.2 (m, 52H), 3.74 (s, 2H), 3.8-4.0 (m, 4H), 6.76
(d, J = 8.4 Hz, 2H), 6.8-6.9 (m, 2H), 6.99 (s, 1H), 7.00 (s, 1H), 7.1-7.3 (m, 2H), 7.30
(d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 8.77 (s, 1H),
10.52 (s, 1H); MALDI-TOF-MS (dithranol) for C11sHsoN2O3 calcd 1573.62. found
1573.97.

5: '"H NMR 5 0.85 (t, J = 6.6 Hz, 6H), 1.0-3.4 (m, 64H), 3.98 (t, J = 6.6 Hz, 4H),
6.8-6.9 (m, 4H), 7.06 (s, 2H), 7.1-7.4 (m, 8H), 7.72 (d, 5.4 Hz, 4H), 8.78 (s, 2H),
10.52 (s, 2H); MALDI-TOF-MS (dithranol) for [M +1]* C194Hg7 N2O4 calcd 2519.55.
found 2519.62.

Head-tail OO OOOOO
00000 O474.0mg, 2.5 umol[111,4-diazabicyclo[2.2.2]-octane (DABCO) 5.7
mg, 51 umolJ0 00 0002.5mLO00 0O O 0OOTiCl, O 00 0.5 M, 25 uL, 13 umold
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O000000000000005000000000000000000000
0000000000000 000000000000000000000000
N000000000000000000000000000000000000
O0000000000000000000000000O00Chead-tail 0000
[H-T]-601.3mg, 33%0 000000000

Head-head OO 0O O0O0ODO

OO0O0O000O5015 mg, 5.9 pmolO 4,4”-diamino-2’,5’-bis(dodecyloxy)-p-
terphenyl] 3.7 mg, 5.9 umol[111,4-diazabicyclo[2.2.2]-octane (DABCO)I 17 mg, 150
umol0 OO OO0 O25mlO0000000OTIClL,O0000.5M, 74 uL, 37 pmol O
OO00000000000D00S5000000000000000000O000O000
oo odododoooooooooooouooododoon
O00000DOO0DO00O00o0oooooooooDooDooooooooooaon
OO000000000000000000000000000Ohead-head 0000
[H-H]-60 6.6 mg, 36%0 000000000

goooood

1. Li, Jun.; Shiraishi, S.; Kudo, K. Bull. Chem. Soc. Jpn. 2001, 74, 1767-1773.

2. 0000000000 CeoUOODDOOIOOOODODODDOOOOOH Hino, T,
Hamada, M.; Kinbara, K.; Saigo, K. Chem. Lett. 2002, 728.

3. tether 0000000 0ODOOD0ODOODODO CeoODOODOODODDODO
Nierengarten, J. F. Angew. Chem. Int. Ed. 2005, 44, 2830-2831.

4. 0000 Supporting Information 0 00 O .
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1. “Regio/diastereo-controls of the Bingel-type biscyclopropanation of [60]fullerene
by using bismalonates with a Troger base analogue-derived tether”
Ishida, Y.; Ito, H.; Mori, D.; Saigo, K.
Tetrahedron Lett. 2005, 46, 109-112.

2. “Preparation and identification of bis(formylmethano)[60]fullerene isomers:
The first systematic study on bifunctionalized [60]fullerenes with dissymmetric
addends”

Ito, H.; Ishida, Y.; Saigo, K.
Tetrahedron Lett. 2005, 46, 8757-8760.

3. “Regio- and Diastereo-controlled Synthesis of Bis(formylmethano)[60]fullerenes
and Their Application to the Formation of [60]Fullerene Pearl-necklace
Polyimines”

Ito, H.; Ishida, Y.; Saigo, K.
To be submitted.

4. "Highly Regioselective Transformation of out/out-equatorial
Bis(formylmethano)[60]fullerenes: Construction of Dissymmetric
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Ito, H.; Ishida, Y.; Saigo, K.
To be submitted.
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SI-1. tetherO0O OO0 4000 500

COOEt (0]
COOEt COOEt
OMe vii) O viii) R iv)
— — —
MeO 82% 0O 37% R 99%
COOEt COOEt
COOEt (0]
chapt. 5 7 8 9
OH 0SOsMe [
n n n
R i) R i) R i
— — —
R R R
. OH . 0SOsMe L
5a.n=1 R=H 6a: 95% T7a: 87%
chapt. 4| 5p:n=2 R=H 6b: 98% 7b: 74%
5c:n=3 R=H 6¢c: 79% 7c: 78%
chapt.5 10bn=1 R=0C gH37 11b: 94% 12b: 84%
+
SMe SMe SMe,
n CHO -~ CHO
iv) R v) vi)
—
R R
CHO - CHO
n n
SMe SMe §Mez
8a: 81% 9a: 80% 2a: 99%
chapt. 4| 8p: 76% 9b: 95% 2b: 79%
8c: 56% 9c: 97% 2c: 96%
chapt. 5 13b: 49% 14b: 67% 2b: quant.

i) MsClI, Pyridine, CH,Cl,, 0 °C; ii) Nal, Acetone, reflux; iii) a-
(Methylthio)acetaldehyde N,N-dimethylhydrazone, LDA, THF, -78 °C; iv)
6 M HCl aq., Benzene; v) Me3OBF4, CHyCly; vi) 12.5 M NaOH and sat.
K>CO3 ag., CHClg; vii) HBr, D; viii) C18H37Br, NaOEt/EtOH; ix) LAH, THF
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4,4’-(1,4-Phenylene)dibutyl dimesylate (5b).

5al0 00000000000 0O098%0IR (KBr) 3035, 2998, 2919, 2865, 1338,
1180, 1014, 971, 942, 851, 830, 798, 523, 528; 'H NMR (CDCls) 51.7-1.9 (m, 8H),
2.63 (t, J = 7.2 Hz, 4H), 2.99 (s, 6H), 4.23 (t, J = 6.0 Hz, 4H), 7.09 (s, 4H); '*C NMR
(CDCl3) 627.2, 28.61, 34.72, 37.34, 69.86, 128.43, 139.16.

5,5’-(1,4-Phenylene)dipentyl dimesylate (5c¢).

5a0000000000000079%0IR (KBr)3033, 2981, 2942, 2926, 2858,
1342, 1328, 1164, 981, 947, 855, 798; "H NMR (CDCls) 51.6-1.8 (m, 12H), 2.59 (t,
J = 7.5 Hz, 4H), 2.98 (s, 6H), 4.22 (t, J = 6.6 Hz, 4H), 7.08 (s, 4H); *C NMR
(CDCl3) 625.02, 29, 30.83, 35.21, 37.34, 69.98, 128.32, 139.53.

4,4’-(1,4-Phenylene)dibutyl diiodide (6b).

6al 00000000 0O00ODOO87%0IR (KBr)2936, 1514, 1458, 1422, 1167,
883, 803, 595; 'H NMR (CDCl3) 51.7-1.8 (m, 4H), 1.8-1.9 (m, 4H), 2.60 (t, J=7.5
Hz, 4H), 3.20 (t, J = 6.9 Hz, 4H), 7.09 (s, 4H); *C NMR (CDCls) J 6.85, 32.23,
32.94, 34.32, 128.36, 139.30; EI-MS for C14Hxl, calcd 441.97, found 442.

5,5’-(1,4-Phenylene)dipentyl diiodide (6c).

a0 0000000000DOO0O78%0IR (KBr)2928, 2853, 1513, 1459, 1427,
1198, 1163, 1022, 811; '"H NMR (CDCls) 6 1.4-1.5 (m, 4H), 1.6-1.7 (m, 4H),
1.8-1.9 (m, 4H), 2.58 (t, J = 7.5 Hz, 4H), 3.18 (t, J = 7.2 Hz, 4H), 7.08 (s, 4H); "*C
NMR (CDCI3) 6 7.02, 30.08, 30.35, 33.34, 35.18, 128.20, 139.52; EI-MS for
C1sH24l2 calcd 470.00, found 470.

6,6'-(1,4-Phenylene)bis[2-(methylthio)hexanal]  bis(N,N-dimethylhydrazone)
(7b).

7al0000000000000076%0IR (KBr)2931, 2854, 1713, 1595, 1513,
1467, 1422, 1352, 1256, 1137, 1017, 755; '"H NMR (CDCls) 4 1.4-1.8 (m, 12H),
2.01 (s, 6H), 2.56 (t, J = 7.5 Hz, 4H), 2.75 (s, 12H), 3.27 (dt, J1 = 7.5 Hz, J, = 7.5 Hz,
2H), 6.34 (d, J = 7.5 Hz, 2H), 7.06 (s, 4H); *C NMR (CDCls) 4 13.65, 26.97, 31.24,
32.71, 35.24, 43.37, 48.80, 128.23, 138.09, 139.72; EI-MS for C,4H42N4S, calcd
450.29, found 450.

7,7-(1,4-Phenylene)bis[2-(methylthio)heptanal] bis(N,N-dimethylhydrazone)
(7¢).
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7ald0000000O0OO0OOOS60IR (KBr) 2929, 2853, 2783, 1709, 1599,
1513, 1466, 1445, 1353, 1257, 1139, 1011, 831, 524; "H NMR (CDCl3) 51.3-1.7 (m,
16H), 2.00 (s, 6H), 2.55 (t, J = 7.5 Hz, 4H), 2.75 (s, 12H), 3.25 (dt, Jy = 7.5 Hz, J, =
7.5 Hz, 2H), 6.34 (d, J = 7.5 Hz, 2H), 7.06 (s, 4H); "*C NMR (CDCl3) 6 13.55, 27.06,
28.97, 31.24, 32.75, 35.35, 43.31, 48.79, 128.18, 138.13, 139.80, 528.40; EI-MS
for CoeHaeN4S» calcd 478.32, found 478.

6,6'-(1,4-Phenylene)bis[2-(methylthio)hexanal] (8b).

8alJOUOOOODDOONDDN%IIR (neat) 2925, 2856, 2713, 1712, 1513,
1461, 1437; "H NMR (CDCl3) & 1.4-1.9 (m, 12H), 1.91 (s, 6H), 2.59 (t, J = 7.5 Hz,
4H), 3.0-3.1 (m, 2H), 7.07 (s, 4H), 9.18 (d, J = 4.2 Hz, 2H); "*C NMR (CDCls3) &
12.48, 26.66, 26.91, 31.12, 35.14, 54.02, 128.29, 139.49, 192.88; EI-MS for
C20H300282 calcd 366.17, found 366.

7,7-(1,4-Phenylene)bis[2-(methylthio)heptanal] (8c).

BalUDUOUODDODDOUODDOO97%UIR (neat) 2927, 2855, 2713, 1711, 1513,
1460, 1437, 756; "H NMR (CDCl3) 6 1.3-1.9 (m, 16H), 1.91 (s, 6H), 2.56 (t, J=7.5
Hz, 4H), 2.9-3.1 (m, 2H), 7.07 (s, 4H), 9.18 (d, J = 4.5 Hz, 2H); "*C NMR (CDCl3) &
12.52, 26.88, 27.00, 28.91, 31.18, 35.33, 54.13, 128.27, 139.74, 192.98; EI-MS for
szHzeOzSz calcd 394.20, found 394.

6,6'-(1,4-Phenylene)bis[2-(dimethylsulfanylidene)hexanal] (2b).

2000000000000 00 O79%0R (KBr) 3422, 2997, 2926, 1562, 1378,
1034, 993, 976; "H NMR (CDCl3) 61.4-1.6 (m, 4H), 1.6-1.8 (m, 4H), 2.30 (t, J=7.8
Hz, 4H), 2.46 (s, 12H), 2.61 (t, J = 7.5 Hz, 4H), 7.08 (s, 4H), 8.35 (s, 2H); *C NMR
(CDCl3) 621.98, 30.54, 30.83, 31.24, 35.15, 76.84, 128.42, 139.80, 174.60; EI-MS
for C2oH340,S5 caled 394.20, found 394.

7,7-(1,4-Phenylene)bis[2-(dimethylsulfanylidene)heptanal] (2c).

2000000000000 00O 096%0R (KBr) 3388, 3007, 2927, 2854, 1565,
1365, 1032, 981; '"H NMR (CDCl3) §1.3—1.7 (m, 12H), 2.28 (m, 4H), 2.52 (s, 12H),
2.58 (t, J = 7.5 Hz, 4H), 7.07 (s, 4H), 8.31 (s, 2H); "*C NMR (CDCl3) 622.19, 29.32,
30.68, 30.88, 31.26, 35.36, 77.37, 128.14, 139.73, 174.13; EI-MS for Cy4H350,S;
calcd 422.23, found 422.
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3,3'-(2,5-dioctadecyloxy-1,4-Phenylene)dipropanic acid diethylester (9).
O0000 2500Mmol0 000000 320mLOO00OODOOOOOODOO 8
05.0¢g, 22 mmoll 0000150000000 00000000000O000OO0O
OO0000000000D00DO0DOO0DOoooooooooooooooooaon
J0o0oooooooogoooboooobobibbOoede.94 gid8.5 mmolld
000000000370 JIR(KBr) 2917, 2850, 1733, 1509, 1207, 1053, 1040, 1180,
1144, 718; '"H NMR (CDCls) 50.88 (t, J = 6.6 Hz, 6H), 1.2- 1.5 (m, 64H), 2.6 (m, 4H),
2.9 (m, 4H), 3.9 (m, 4H), 4.1 (m, 4H), 6.66 (s, 2H) "*C-NMR (CDCls) & 14.12,
14.229, 22.68, 26.16, 26.22, 29.36, 29.40, 29.48, 29.69, 31.91, 34.49, 60.20, 68.56,
113.82, 127.55, 150.49, 173.44. MALDI-TOF-MS for Cs,Hg40s: calcd 814.71. found
814.64.

3,3'-(2,5-dioctadecyloxy-1,4-Phenylene) dipropanol (10b).

LAH 0678 mg, 179 mmolU0 00000 THRI34.5mLO00 00 0°CO THF
034.5ml0000000000D00 115.6¢g6.87mmo)00C0 01000000
oooCcOnO135mlO0 0000000000 DOO 28mLOO0DOO 28mLO0O
doouobooodododooooboooooonoooouooooooon
0000000000 12(5.0g,6.84mmo)0000O0OOODO990 0O
IR(KBr) 2918, 2850, 1510, 1412, 1395, 1211, 1058, 1043, 719: '"H NMR (CDCls) &
0.88 (t, J = 6.6 Hz, 6H), 1.2- 1.5 (m, 64H), 1.80 (m, 4H), 2.70 (t, J = 7.2 Hz, 4H),
3.56 (m, 4H), 3.91 (t, J = 6.6 Hz, 4H), 6.66 (s, 2H); °C NMR (CDCls) 514.10, 22.67,
25.72, 26.09, 29.35, 29.39, 29.48, 29.59, 29.68, 31.90, 33.17, 61.47, 69.10, 11.15,
128.33, 150.86. MALDI-TOF-MS for C4sHg0O4: calcd 730.68. found 730.88.

3,3'-(2,5-dioctadecyloxy-1,4-Phenylene)dipropyl dimesylate (11b).

0000000000000 00D0D00009400IR (KBr) 2917, 2852, 1512,
1415, 1398, 1346, 1172, 1211, 1053, 1041, 830, 718; '"H NMR (CDCl5) 50.88 (t, J =
6.3 Hz, 6H), 1.2- 1.5 (m, 64H), 2.04 (m, 4H), 2.69 (t, J = 7.2 Hz, 4H), 3.00 (s, 6H),
3.89 (t, J = 6.6 Hz, 4H), 4.23 (t, J = 6.6 Hz, 4H), 6.64 (s, 2H). *C NMR (CDCl3) &
14.12, 22.67, 26.18, 26.53, 29.23, 29.35, 29.40, 29.51, 29.64, 29.69, 31.90, 37.30,
68.60, 69.75, 114.07, 127.29, 150.54; MALDI-TOF-MS for CsoHg4OsS,: calcd
886.64. found 887.27.

3,3'-(2,5-dioctadecyloxy-1,4-Phenylene)dipropyl diiodide (12b).

iv
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0000000000000 0MM 0000 840 OR (KBr) 2917, 2848, 1509,
1204, 1069, 1048, 721, 591; "H-NMR (CDCls) 50.88 (t, J = 6.6 Hz, 6H), 1.2-1.5 (m,
64H), 2.09 (m, 4H), 2.67 (t, 4H), 3.18 (t, J = 6.9 Hz, 4H), 3.89 (t, 4H), 6.66 (s, 2H) );
3C NMR (CDCls) §7.30, 14.13, 22.69, 26.23, 29.36, 29.42, 29.56, 29.64, 29.71,
31.24, 31.93, 33.60, 68.65, 114.17, 127.35, 150.50; MALDI-TOF-MS for
CasHasl202: calcd 950.49. found 951.31.

5,5’-(2,5-dioctadecyloxy-1,4-Phenylene)bis[2-(methylthio)pentanal]
bis(N,N-dimethylhydrazone) (13b).

O0000000D0000000DO00D0DO4900IR (KBr) 2916, 2852, 1636,
1509, 1206, 1055, 1042, 718; 'H NMR (CDCl3) 5 0.88 (t, J = 6H), 1.23- 1.54 (m,
64H), 1.74 (m, 8H), 2.00 (s, 6H), 2.57 (m, 4H), 2.75 (s, 12H), 3.29 (q, 2H), 3.86 (t, J
= 6.3 Hz, 4H), 6.35 (d, J = 8.1 Hz, 2H), 6.60 (s, 2H); *C NMR (CDCls) & 13.63,
14.12, 22.68, 26.21, 27.79, 29.36, 29.47, 29.70, 29.96, 31.91,32.71, 43.36, 48.84,
68.84, 113.93, 128.72, 138.16, 150.57; MALDI-TOF-MS for CsgH110N4O2S;: calcd
958.81. found 959.95.

5,5'-(2,5-dioctadecyloxy-1,4-Phenylene)bis[2-(methylthio)pentanal] (14b)

O0000000000D000000D0000d0 67%0IR (KBr) 291.8, 2850, 1711,
1509, 1472, 1412, 1395, 1207, 1040, 719; 'H-NMR (CDCls) 5 0.88 (t, J = 6.9 Hz,
6H), 1.26 (m, 64H), 1.75 (m, 8H), 1.90 (s, 6H), 2.59 (t, 4H), 3.05 (q, 2H), 3.87 (t, J =
6.6 Hz, 4H), 6.59 (s, 2H), 9.17 (d, J = 4.8 Hz, 2H) ); *C NMR (CDCls) & 12.44,
14.10, 22.67, 26.22, 26.71, 27.45, 29.34, 29.42, 29.57, 29.64, 29.68, 29.87, 31.90,
54.02, 68.71, 113.80, 128.30, 150.55, 192.77; MALDI-TOF-MS for Cs4Hgs04S::
calcd 874.69, found 874.66.

5,5’-(2,5-dioctadecyloxy-1,4-Phenylene)bis[2-(dimethylsulfanylidene)pentana
1] (2b)

0000000000000 00D0O0O000quantd IR (KBr) 2920, 2851, 1564,
1505, 1204, 1037, 720; '"H-NMR (CDCl3) 50.88 (t, J = 6.9 Hz, 6H), 1.26 (m, 64H),
1.75 (m, 8H), 2.33 (t, J = 8.7 Hz, 4H), 2.47 (d, J = 4.5 Hz, 9H), 2.65 (t, J = 7.2 Hz,
4H), 2.94 (d, J = 4.2 Hz, 3H), 3.87 (t, J = 6.6 Hz, 4H), 6.65 (m, 2H), 8.43 (m, 2H) );
3C NMR (CDCls) &14.02,21.71, 22.57, 26.14, 26.47, 29.24, 29.39, 29.59, 30.18,
30.64, 30.74, 31.16, 31.80, 68.78, 114.19, 128.76, 150.44, 174.29;
MALDI-TOF-MS for [M + H]" CsgH10304S>: calcd 903.73, found 903.66.
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'"H NMR (equatrial-7c, CDCls)
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"H NMR (cis-3-1c, CDCI5/CS; = 1:1, v/v)
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'"H NMR (equatorial-1d, CDCls)
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'H NMR (3a-1a-CHO, CDCl5)

L ‘ J .j Ubhh

Supporting Information

220 200 180 160 140 120 100 80 6 4 2 o  pon
'"H NMR (3a-1b-CHO, CDCl5)
M f ¥ ﬂm-"%, A 1
U MV} Mo ) A Uﬁu} U \\/«j\\*
w0 s s 1 6 s a4 s 2 1 om
3C NMR (3a-1b-CHO, CDCls)
. it
220 200 180 160 140 120 100 80 6 40 2 o0  ppm

Xii



Supporting Information

'"H NMR (3a-1c-CHO, CDCls)
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3C NMR (3a-1e-CHO, CDCl5)
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'"H NMR (3e-1a-CHO, CDCls)
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'H NMR (3c-1a-3e, CDCls)
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