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Research Progress on Organic Nanohoops/Nanogrids

Wei, Ying Zhou, Ping Chen, Xin Bao, Qiujing Xie, Linghai*
(Centre for Molecular Systems and Organic Devices (CMSOD), State Key Laboratory of Organic Electronics and
Information Displays & Institute of Advanced Materials (IAM), Nanjing University of Posts & Telecommunications,
Nanjing 210023, China)

Abstract Radial conjugated carbon nanohoops, as nanofragments of carbon nanotubes, have attracted great attention in the
fields of synthetic chemistry, stereochemistry, supramolecular chemistry and materials science. The structure of nanohoops
can be divided into monocyclic and multicyclic nanohoops according to the geometric angle. The main building blocks of
monocyclic nanohoops are benzene, polycyclic aromatic hydrocarbons and macrocycles, the monocyclic nanohoops with
macrocycle as the building blocks and multicyclic nanohoops not only have special topological structure but also have the
characteristics of high fluorescence quantum yield and large cavity. At present, such nanohoops with topological structure
have important research value in the fields of host-guest doping, energy storage materials, porous and organic optoelectronic
materials. Therefore, this review will focus on the synthetic methods of porphyrin monocyclic nanohoops with macrocycle as

building blocks, figure-of-eight nanohoops and nanogrids, and more complex carbon nanocages.
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I ) NEE AR B2 AR 43 BEE 2B A AR -2 AR 2 1 5K
AJ DUIBE G BR GN K IR I RO OB ROSE, $ A i B 28 fift (1) 3R
VE 9 BBERR AN KT AR 2022 45 MR 2 Xt T R ZEL D 6106} 24
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2.1.1 Glaser /%5 B2

Glaser {5 [ B A2 $8 Ui FE R AR SV SAAAE T ER AR
1R A E AL AR R S . #E 1989 4E, Anderson Al
Sanders®* K Glaser fBIPESN A T R I pk 2 5
. BL1 RERL, ST (ncuc/m = 120) AT, 18
5X107* mol/L HIMEIE A = iR i HE 24 h, FIMER X 1%
SNRHAT IE AL BE, Sl B 47%, 20%0 7= %45 3
TR =Mk 2, VU 3 b & H R A 40 ).

Vi pyridine,
O O CuCl (120 equiv.)
air, rt, 24 h
4

1

2 (n =3, 47%)
3 (n=4,20%)
4 (n =5, trace)

B 1 nhukER AT Glaser (BB 4 1k £ SR 1k
Figure 1 Synthesis of porphyrin multimers via Glaser coupling from
porphyrin monomers

2.1.2  Suzuki-Miyaura 1% % R K

Suzuki-Miyaura 56 N2 FEIERER 550, 1R, i
KRG IRAEZ MM A R T A A BB V. 5
Glaser X MAHEE, Glaser fBIBAL PRIt 2 [A] (1) HL
LAV £ R a1 7 e o 7 G R 2 NS
Suzuki-Miyaura #5528 A PLZEPMMBRET meso A7 B
¥k, I meso-meso FEEFERLNIT, 4k T
AN ARG 2 (8 R BE 85 (ca. 0.84 nm), $&5 7 TAH E
YEF, JEINIE 7 5e &R0 A e f 231,

2008 £ Aratani 1 Osuka Z£32% A Suzuki-Miyaura
TR S N 45 T meso-meso BLIEZEREFIFIR I J\ 44
9. FERXIUTAEHMANIE R MLAEY S 5 6 (ENERY), &
H1EId Pd AL Suzuki SN EL 20% 07 45 2L 5 4)
7; RIEWEY T K NIRRT Z B2 (NBS)#E AT HAL
RE) 7 RN =R 8 ke 8 HiE 6 il
Suzuki-Miyaura 85 5 85 B T FRARIMBR )\ Z Ak 9(7= %
8%)(K 2). tbEY 9 1) X-ray FRAELE R B RPUKIA 2
RN 1.67 nm, FHIFE N EB2S AT LA 3R B AR 1
f£ CHCL; 55 9,10- MEmERL R P47 1 0 1 14 &, Hi
A H AN 8.5X10° L/mol.

2010 %E Shinokubo, Aratani fl Osawa Z5B3I7E 2008
SR TAEFEAE B, 385 Suzuki-Miyaura 523 AE PSR
1 meso A FHERMEW AT L B 1T IR IR, (I
TMEM TE 3 N AR H AR AR 1 ' 2 A S5 4
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Figure 2 Meso-meso-linked cyclic porphyrin octamer was synthesized
via Suzuki-Miyaura coupling reaction
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BRERE(GPO IR (el iE 3 5, 2 Hlbl 4.8%, 3.2%
HI 3.3% 0 7 #2453 B CRE Wy By 2 B FOIR I ik = R4 12,
VU ERAA 13 F1 3R A4E 14(18 3). 2011 SE1Z IR BOSE ] [F]
FERITIE G T 2,5-MEWy HF % IR bk — 244 15, =
Rk 16 FPUERMA 17 (B 4). XTI LAE LB IR B
Uﬁﬁﬂ%%‘ﬁ TR, XAERR T T DLk T B A NI
(KA G A TR B SCARAIE 1 K B FE IR AH ELAE FH, 385 7 X
J6F WS (TPAYRRPE. SR UL, H T WEmy B 1K R
TEBAEH, HINEMTETINED 5 #RIH T 8K
U AR T A
Osawa HIPAFTHRIE I HASELL meso-meso, B p-f
P EFER P PRR A FIN R &S A2, T7E 2011 4F Aratani,
Shinokubo 1 Osuka ZEB7R A Suzuki-Miyaura {55 B
Hil€ T meso-B 1 HEEBERIFORIMKZE#. 7EIX T T
PEH AT DA AR IR 18 AN IRIMIEK 19 R4,
iWid Suzuki-Miyaura 38 ARSI LL 16% 7 345 3]
meso-f S B EB IR 4R NioF2, R LA
0.7%7 = R 1FEI7N AR NisFs, A H.SO4 Bt 4@ mr LTS
FIJE S ISR 5).
2.1.3 Sonogashira 1% 3% &K

Sonogashira 5 N ZEFE Pd/Cu AL T B4 B
FE AR g B AT AR R A ) B £E 2010 4, An-
derson A ] BAPSLE I Sonogashira 1Rk B & )
ORIk =2 Ak 25 X E #)d A sy, 7RI
VAt AT 2 BARR bk 20 F146 &4 21 385 Suzuki [ EA
60% 1 =233 T VAL &) 22, )5 LR3I =5
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Figure 3 Synthesis of cyclic porphyrin connected by thiophene bridges
at the meso position of two porphyrins

Bpin
Br S Br
Bpin

[Pd,(dba)], PPhj,
toluene/DMF Cs,CO3, CsF

Ar Ar
ArAr
Ar Ar

15H: M = 2H
15Ni: M = Ni

16H: M = 2H
16Ni: M = Ni

0.
S
Bpin= B
P \O:é

Ar=3,5-di-tert-butylphenyl

17H: M = 2H
17Ni: M = Ni
17Zn: M = Zn

B4 FEPSIRIRE B R HIBELS B (IR I bk i) &
Figure 4 Synthesis of cyclic porphyrin connected by thiophene bridges
at the £ position of two porphyrins
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[Pdy(dba)z], PPhj,
052603 CsF

Toluene/DMF

m i e

SIESES-
NiF,
Ar Ar
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Ar=3 5-di-tert-butylphenyl NisF3

Bl5  meso-p AL ELESEREHCR NN Al
Figure 5 meso-f directly linked cyclic porphyrin was synthesized

123, Bfa 3,4- B R D S e 3 A i £ P =
FA4k 23 1@ Sonogashira fHIK B L 28% /=215 2 |
ORIk =Rk 25(& 6). RIS ARATIEXZ 5> 75 Ceo
BEMR ST TR HE, 2 RRYINE )61
OB ZATRBR 5O I EE B /2 0.642.0.644 FlT 0.648 nm.
T S S5 A B P (1) 48 2R 45 IR Coo JT /0o XoF HIMIRR BT
%iﬂlﬂ’lyi’]ﬁﬁ 0.628 nm, FIIZEWIXTE $id B 7@
SR ANy, I EE Ah— AT L e R R B AE R

5 Coofl CroTERL 11 1 FIZAEW, 4665500 R 2><
109 F1 2 X108 L/mol.

Cs,CO3, Pd(PPh3),Cl;

Q {T)—=-s _ toluene, DNIF, water, 60°C _

‘i,

Pd,(dpa)s, PPh;
Et:N, pyridine
toluene, 40 °C

22 (R = TIPS, 60%)
23 (R = H, 92%) _ |TBARTHF

B 6 il Sonogashira fHEE SR il 2% FRAR I HE = S 44
Figure 6 Cyclic porphyrin trimers was synthesized via Sonogashira
coupling reaction

2021 FEFRERDG . ARG R AT S BOMRIE T st
Sonogashira RIS G R T — Pl B4 1) — 4 2 AL iE
F2 (108 /& b Bk 35 50 2 A W (ZnCoP-F), HHt Co nRmk
(CoP-F)MFBX BTG & A /N A R B (B 7).

2.1.4 Yamamoto 1% 3%

Yamamoto 1BECEIRTEEE & B RAAGFLE T X
RI7 1Y Z K57 il I 2 i A s 8 T 3EAT A8 B
L. 2020 4 5443 A BAHO#E T Yamamoto B S B & %
TR R B e A LB PR S R B, AATT S DAL A
25 1 26 iEid Pd HEALAY Suzuki [ DL 35%H0 7 515 5]
THAEY 37, REEY 27 @it Ni(COD), L)
Yamamoto I, FH 2,3- &-5,6- ~F X KE(DDQ)

292 http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Pd(oAc), Cul. PPhy X
THFNEL,

2ZnCoP-F, X =F Z0COP, X =H

Bl 7 i#id Sonogashira I S5 7 il £ £ BREEZE R I £/l 1R
Figure 7 Ethynyl-linked Zn/Co porphyrin was synthesized via So-
nogashira coupling reaction

HATIE SR 54k, B2 il LR F2 308 15%F1 4% 3
T T Y ) 5E A B R T R R KA R Ak 28MC
A=Ak 20MC(E 8). XU KIF[FE I 45 75 A Nkl
iR B I vy B o0 I HeATTAE A M P 2 R I R 5 0%
B FHL A 5, 17X H & 7 30T TR I R A5
FEHEAAX IS, 992K 28MC F1 29MC 1)
HOMO/LUMO #eZ% 4354 5.05/3.53 eV A1 5.02/3.67 eV,
HLAL S BEBR(EEO) 7 AN 1.52 F 1.35 V.

\i ‘ i I
Pd(PPhs)s, Na;CO3, N y i) Ni(COD),, COD, BPy,
25 toluene/EIOHH0 e L sI\_az  toluene/THF, 75°C
L i)yDDQ, DCM, rit.

7 s s

i
e |

28MC (n=2,15%) at 4/ Hn

29MC (n = 3, 4%) A F .

B8 T Yamamoto I SR 4 FACIR AR RAH $h CER
Figure 8 Cyclic porphyrin topological macrocycles were synthesized
via Yamamoto coupling reaction
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1983 4RI EJEHE T L S RIEMTIE LK, 4
T — BRI T 7] B R — A H B AT A
Tk 14301,

7E 1990 4, Sanders M ZH I E T ) F AR v 30k
AT AR P B AL SR Ak 485 440 1 5 1) . A AT 43 0 R T
2,4,6- = (MERE-4-3£)-1,3,5- =B A1 4,4"- Itk g A AR A 4L,
EW 30 NRIEY), L 50%F1 0% 72 24 B4 5] T
PRI AR 31 A =24k 32 9).

72 e

N . \ /N
CuCl, TMEDA,
= " CH,Cly, air
N\ Vi
LN
[ Z
R R
30 0 N\WN
SN
CuCl, TMEDA,
CH,Cl,, air

B9 DUIBEMEIE A1 =R AR ] 26 FAAR IR BRRA N S5 4
Figure 9 Bipyridine and triazine were used as templates to synthesize
cyclic porphyrin topologies

IS, I 51 AR T 1A A R R B R bk gl oK
WA ROTES R T AT IZ 26, 76 2008 4, An-
derson ZESIHRIE T MR — 544k 33 7E To Bk HI/EH T iE
bR P ARVE AT, BOR2S SUE NS AL FIFE 60 °C
BEAT AR, ARG AE 1,4- R AIR[2.2.2]° k%
(DABCO)MIAF{E R RIEMR T6, )57 MlLL 44%F1
33% 7= 2R AF B T NEE A IE T 3R o I R b

PdCI,(PPhs),, Cul,
i-Pr,NH, air, 60 °C

o BRI O
B 10 Zedtknbngh — R4 DL T6 Jy A & PR bR N Rk

Figure 10 Cyclic porphyrin hexamer was synthesized from linear por-
phyrin dimer under T6 template
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Ik 7N B 4K 35a A1 35b(&] 10). GKIE 34 TR HI BT
Wy, Ha KIRSEAE 7724 809 AT 850 nm Ak, 49K
35a HIRNETITE D A 02%, KIHT =460 ps,
SR R R k=43 X 10057,

2008 4F Anderson ZEM4SILL Pd/Cu NEWEAL T R 4,
WUEREAT, 60 CF, NMBRELAARFD T6 AR AL
A 5% 7= 2245 BINR RS AR, T 7E 2011 4F, Beljonne
Anderson ] BAUSIDUER /4R N AL T, 1,4- 2K B A E AL,
7E 20 °C FIE ik B4R 36 7E T6 BRI S 1EH &
BT RIS Rk 35a( 11), 7235 2008 FAH EL
BT 16%, IR T 21%. AT REAE IR AR 8% (Zn) 7E
IR T 8 R T 5 AR 2 T P A B A P AT i T R bk
N SRR 2 G T AR MR R AR 9K IR 35a
) HOMO-LUMO FEBA 1.62 V; RNE TR D N
0.43%; 9IGFEWLIN ] 4 250 ps; FEHHE L H B k=
4.8X100s71; HAER/INA 2.4 nm.

PACI,(PPhy),, Cul,
one,

N " a )
Y b
g5

c-P6 T6, 21%
DABCO

352

B 11 bR AR LE T6 ABHR I il & FRIRNE 7N 3R 4
Figure 11 Cyclic porphyrin hexamer was synthesized from porphyrin
monomer under T6 template

1F 2016 4, Anderson [ PASIZEE Zn/Cu/Zn HIZ T
NRIbk = ZE A4 37 7E T6 BEAR 113 M E H T 18 Glaser S AL
IR, LL 2% 7= 2845 3 158 AN 0 AR
MBS B84 c-P6Cu2(J&] 12). X Ah7E B & Bl e A B &
WHEA A& BHE KA TTE, NEHE T T &R

37 PdCl,(PPhg),, Cul,
1,4-benzoquinone

N
i-Pr,NH, CHClg 6

c-P6Cu2, 2%

Bl12  ZdEnk =R AAE T6 Bt T il # MR RN R 74 c-P6Cu2
Figure 12 Cyclic porphyrin hexamer c-P6Cu2 was synthesized from
linear porphyrin trimer under T6 template
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Se IR ERAT A E i L IR SR AR (EPR) R & A T
FMIGIFRE T VF 2 AT REE.
2017 £ Anderson HIRAILIAL &4 38 NIEW, SE1E
Pd 1 Cu [FIEALAE R 15 h, $RJ57E TBAF (414
TFHETIRY, BL 28 5% = R Thiil 4 1k pEnb
Wbk SR AR 39. 17 J5 XAE T6 MR (1) F MIAEH T BL 15%(1)
FERAG RN IRRINR S AR 40, K R ~FHE (239515
FITCBAR I FRIR IS AR 41 13). 9K 41 5k
7178 132 kJ/mol, HA [ K/NA 2.06 nm; 43 7I7E 500 FH
900 nm BT~ AE5RZH B A1 Q WAt ; 49 KIE 40 2
FeHE B T B EE A S1-So BEMIFTA LR, IFsL T
H AR SMREERA - RS 2B M.

i) P(PPh3)s, PPha,
Cul, PhMe/i-PrNH,
50°C, 15 h, 30%

ii) TBAF, CHoCly,
25°C, 10 min, 95%

) T6 Pd(PPh3)s, PPhy,
Cul, PhMe/i-PrNH,
40°C, 161

SEC(pyridine/PhMe)

B 13 ZRVERRIS RARAE T6 BIb T i) 4 FRAR N 7S SR A4
Figure 13 Cyclic porphyrin hexamer was synthesized from linear por-
phyrin hexamer under T6 template

Ar Ar
BrTMS + HCPDMS
Ar Ar

HC2-P1-CPDMS
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_ AsPh; 64%

2) TBAF, 94%

Br-P1-TMS

1) HC2-P1-CPDMS (excess)
Pd(PPhs),Clp, Cul
1,4-benzoquinone (50%)

CPDMS-I-P4[b2¢]-CPDMS (R = CPDMS, n = 1)
TBAF, (100%)

———> HC2-I-P4[b2e]-C2H (R = H, n = 1)
HC2-P1-CPDMS, Pd(PPhs),Cly,
Cul,1,4-benzoquinone, (68%)

TBTA, (100%) | _4co-1-p6[be]-C2H (R = H, n = 2)

CPDIPS-acetylene,
Pd(PPh3),Cly

Cul, 1,4-benzoquinone
——1-CPDIPS

SPIDPC——=

:
Br-I-Peles]-CPDIPS CPDIPS-I-P6[e5]-CPDIS, 37%

Bl 14 2PN SR AR 20 4E T6 AN To* B il & TR nk kN 2 4

CPDMS-I-P6[b4e]-CPDMS (R =CPDMS, n = 2)

1E 2019 4, Anderson [ BABMRIE T H 2 k8l T Heif
FE B PR TR AN B BAIR W bk 7 ZRAA 1) 22 7] 5 . ’42
PRI BR S Z AR AIAE T6 Al TO* AR A7/ T il
AL AL AR IR BN, 03] B 37% A0 25%5’]1‘“1{%@“
C-P6[bse]*T6 F1 C-P6[bes]*T6*(E 14). Anderson!*,
Beljonne Fl Anderson!*!, Rickhaus* {820 fir 43 21 (1) nk
Wk /S SR AR & Den XFFR, T ARATT 28 B 0k Bk S 2R A
C-P6[bse] Al C-P6[bes] LA Ca, TR, [RIF 3CH (A 78
2 S0 AR RS FRUSK A X 0 KBRS 1) I WA RN 26 64T M L
PR R, BT KR IR S 2 A LA LI 2 A R
YRS 2, EXHEWE SRS 3 R G H B 2 S
.

1E 2020 4F, Maeda, Kim 1 Ema {820 k& T H
NI 38 43 AIAE /S TR T6 AU ALk g B Hh BRASEAR
T4 {EF RN, @it Sonogashira H BB, LA
53%A 14%17 3 73 330 B T 7N SR AN Y 2R Ak Wk 44 K 34
39 M40/ 15). FERXLEPPURIA il iRy Lk B ST
nhmbkAZ o, 3858 T RRIRA BT AR R, Ak, (AR
FE R 51N AT LA 3E AH 208 R rh Wbk 5 2 18] B T A
A2,

Br T FIRRIZE T6, T4 Bt AL ] LISR A HAh A5
W& . tbin 2014 55 Anderson HIPBAPPILLRMIRFEAR 41
TE 1 B PR RS (T6* ) BEAR 1 2% A T i ok 0 A £ 1) AL AL
IR L 22% 07 A B Q0OK IR 42 AlAT] 0 72 IR A
(T7*)REAR A/ FH T I Rk 544 41 DL 4.7% 1) 77 22 1) £
T AKIF 43(A 16).

£8-53-

HC2-1-P2[e]-C2H

Pd(PPh3),Cl,,
Cul, T6

1.4-benzoquinone,
37%

Pd(PPhs),Cl,, Cul,
1,4-benzoquinone,
T6* Cul

HC2-1-P6[e5]-C2H, 96%

c-P[be5]T6*, 25%

Figure 14 Cyclic porphyrin hexamers were synthesized from linear porphyrin hexamer under T6 and T6* templates, respectively
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Bl 15 RhBREARTE T4, T6 BT il 2 HOR IR Bk 4454
Figure 15 Cyclic porphyrin topologies were synthesized from porphy-
rin monomer under T4 and T6 templates, respectively

Bl 16 nhuk AL PP RIAR Tt S PR bk b a5k
Figure 16 Cyclic porphyrin topologies were synthesized from porphy-
rin monomer under cyclodextrin templates

1E 2016 4 Anderson ZEP4E T IMBR B4R P1 43 HIAE
TRBRFERIR TSFe MOIERAR TScor IH/ER Filid
FEAEAK R A AR ER SR LA 4.0%A11 6.1% 7% 45 B H ik
TLEARGK IR 44 F1 45 (c-P5T5cor  c-P5+T5Fc), MM
T B PR ALk WE T A R P N AR A 2 A A
K, HEMARASEARPORIRE 17). ZFEE A
NISREA K IR Ak S D 2R 0 45 KAk BRSO s i, L%
ZEARE] 1200 nm, W T SRR PR R K DURS 22 8)
PRENFE G, HrPgKIn 44 7145 (580 E T2 R & 23 5
9 0.43%H10.89%; % P FEI I 8] 43514 0.37 A1 0.42 ns;
AR AT ke 45 0.016 F110.021 ns.

Nf Iy
Fa e ¥
T & O
2
R 2

PACI,(PPh3)z, Cul,
1,4-benzoquinone,

4-benzoquinone,
Pr;NH, PhMe

44 = o-P5:T5c0r, 6.1%
45 = ¢ P54TSFc, 4.0%

BI17 ik DL Ak R RO PR A AT ] 25 PROPR b bk 1 2584
Figure 17 Cyclic porphyrin topologies were synthesized from porphy-
rin monomer using ferrocene-based and cardiocycline templates
222 WARAEERMRK

FEZE BUASAR SNE TR, S ARSI 14 5 7 AR e o
NEF) I HLIE I RS B R AE — ke, AT AT DAAS 3 P
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[ S IR H AR KR ST 1) A S, (E2 T8
ARG IE IR, BT DX Fh 28 BB 3 DL BROER
IANKIR. TR AR AR 1 ) FASEAR A 2 B 4 285 65 o7 ) 1)
o 2 [ ARk S R 9% R IIGK IR, it 454
JUANRAR B0 B B= 9 FL 45 6 7 5 B0 R AR R L
PERLHR ) 256 A7 mUECE R /N A i e,

2011 4, Anderson {4/ 2H SOL@ i bR AR AR 15 A Bl T
NNIRGNOK IR c-P12. FEIX U 7 Fh At AT T8 2 LA P nb ik

Ak 46 5 /NMEBERR T6 NIEY), MEAMEALIIMERT,
T S AR SR L 39% 11 4 R AR 3 T NI
B c-P12+(T6),, SRS 1E I & IMENE I A7AE R 73 2 JE R
BRI FRR IR — 544 c-P12(&] 18). [FIINF, A AT T4 %
2 MR IE G XS5, IR PY SR A4 1-P4 5 e kit
WE AR T12 TEARMEAL I A AR R S RAE R, B 35% (1)
IYE PR T P12 19). SihrEREAR L, KA
2 MLARAR V5 (1) A5 Bt P2 B H = ) i e FE v, TR
fi&. 7£ 2014 4, Thompson A1 Anderson BRAHZH P75 c-P12
MIE G ARIRGE R AR S A AT R SR V2 IR AL EE
BT THFTE, XA TAEFARIE ) c-P12+(T6), I A 4544
ST I R FH B X S 2R A AT RAE (1 5 K B RS SR 4.

2012 4F Anderson [4] A8 F P FfAS [FIAEAR 15211 T
G R 24-NNIBRER c-P24 [ 2R BE 4R, B4R — /& DL/NHEBE 15
W T6 HLMERR )\ 1K 1-P8 JyJ5 kL, 7 Pd/Cu HEAL T
I E AR I S AF B 24-INBRER c-P24. B2k R DI\
MERERIAR T8 SLRPERMIR SR 1-P6 Rk}, [FIFE @
Pd/Cu fEACI R ER  SA3 2 H bR =), fEMLREAFTE T,
I RS HERH i B B AR, DL 25% [ m e A
BT EARN 10 nm FFEPERFREAKER c-P24(1& 20).

Pd(PPhs),Cly, Cul,

benzoquinone

Pyridine

c-P12+(T6),

c-P12

B8 bR £ A 12-NhIREK IR
Figure 18 Synthesis of a 12-porphyrin nano-ring by vernier templating
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P12

oP12T12

B19 2GR R 12-Ih K I
Figure 19 Synthesis of a 12-porphyrin nano-ring by classic template

a) PdCIy(PPhj),,
Y oy benzoquinone,

kv* . iprNH, Cul

-P8

PdCly(PPhg),,
benzoquinone,

>
XVY i-pr,NH, Cul
0-0-0-0-0-0

I-P6

P24

B 20 235 LL T6 Al T8 Rt i # MM RN K 24- MK IR
Figure 20 Synthesis of a 24-porphyrin nano-ring under T4, T6 tem-
plates, respectively

2015 4F Anderson B ZH SO KRR A Dey 1) T6 5
BT, PALRIENRIR Rk 47 9 Rl 2 I S i 45 5
THARINEAR P6. SRJG AR To HUAR IFT P AN A 2T it
WESE A MR 15 3] T4 B, 1EZAAR I /E R T BA
MNPk AR 47 R EL 14% (R=0CsH,7)F
29% (R=t-Bu)= R4 1% 1T R\ Ak 48, FJafhd]
OB T6 R 3 Fp — ANt ie 45 A 7 AT IR S 15 2] T TS
AR, TEZAARIPE T 205 LA 20% (R=O0CsH;7)
18% (R=¢-Bu)ff1/= 245 BFRIR -4k 49(F 21). XFf
AN RE BT DUET 2 01 B E ST
FORARRE, R RAT e i (EXSY)SL 56 45 R I, 1X
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Lo SR I AR BRI 5, B MR I e i
YR e e R R A .

R

Ar= %Q R = OCghHy7 or t-Bu

v
T4 (X =Y =H) 47
T5 (X = H, Y = 4-pyridyl) 48 (N=8),49 (N = 10) and 50 (N = 6)

T6 (X =Y = 4-pyridyl)

-9 @8

48+(T4),

49:(T5),

B 21 Z35ILh T4 A1 TS Jy Bl & R b shah h 451
Figure 21 Cyclic porphyrin topologies were synthesized under T4 and
T5 templates, respectively

{H 2 E 32015 4, Beton A1 Anderson Z£601 45 i i%
FRAR AR V2 BT AN [ RS b kgl oK 3. 78 & il 2
o ABATTA AILL T6 AT T8 AR, TEARME 1k 1A A0 (R K
AT T AR RS RER I, EIRTE R AEAR 11
TEAE NERE R T AW c-P10, c-P20, c-P30, c-P40 #1
c-P50. {HJELL T6 MBS, tLEH c-P30 NE=), 7=
A 34%, UL T8 MM, 1h&H) c-P40 N1, 1=
FoH 36%(1K 22). Horr, c-P50 F2 24 i 48 B R B0
BOLPEB IR R NS, BAT 750 > C—C #, HEN 21
nm. AAERER B, X8R FIERRIMRK R TR R
R LFEAR MM, 75 & B S S AR &,
&9 c-P30. ¢-P40 A1 c-P50 f) STM 14 rh ¥ 22 5|
TS TIRE, NHP MYy T B DR
Rl

A
44 (N=10)
45 (N =20)
46 (N=30)
47 (N = 40)
48 (N = 50)

Bl 22 Z35ILh T6 A1 T8 R il 4 AN [F] RS) R nh 45 1
Figure 22 Cyclic porphyrin structures of different sizes were synthe-
sized using T6 and T8 as templates, respectively

3“8 FEMKH

[n] 4 % 2K 3% ([n]CPPs) B T 1T 15 5 44 K & (CNT)
IR BT SIS T K DGRBS CPPs BRI R

Acta Chim. Sinica 2023, 81,289—308



F F R

SRASATAT I ) 06 FLARF RS0, AL B o T e L
R ET R 1 w04 AR, CPPs 3 BAT JIURF IO 9K 23
R, W T T B T AT SR AR 2 SLA L
BRI (0560, F T DL IR Ry T, CPPs EARUN &
SR HIAERIR G H bR, 55 R IGURIAMLE, XA
“87 FRIGPRIME NS B AR Fr BL. B s s
RURTRT 7599 2 Fh 3 A 10 52 AR B AT BL B XL

HATX T “87 T RIGORINAE P DI Z [A]IE RS [4]
T E R IR R T e L EATEY), C—C AR
R 737 (18 23), IXSed (I 9 1 5K 9Kt AR
FEAME.

Bl 23 BFEDIERE “8” FRYAKI

Figure 23  Figure-of-eight nanohoop connected by various groups

3.1 FEEMPTRFTRRETEEZEN “8” FRIHN

72012 4%, Jasti BRAEAHTHRIE 1 757 M BRI A0 2K
P R E R TEIX T 7T TAE AT ] 1 S A BURAR
KIE 50 AT REAIRDI 5> BIFD 1,4-2K B ER XA I )
fig, 1,5-25 WAL Bl it Pd 1k Suzuki fH5E
KN, LL 66%F1 49% 7= 2615 2] T A-E1) 53 Fil 54. FR
Ja ¥t 53 F1 54 7 —78 'C N SZANATIE I 5 11k, %%
3L T5%F0 48% )™ Za 45 BIDR FIZE M 1K) — SR 9K
¥ 55 F1 56(/4 24). 5[8]CPP Fil:Al CPP AH{, #9KFF
55 156 #7E 340 nm AR I H F KWL, S[8]CPP AHLL
GKIE 56 HI1TH 2%y 0.87X107° Lemol eem ™, M/
F-[8]CPP [J7H ¥ &2 %(e=1.0X107° Lemol 'ecm™). 1fj
FARYEKIRFIHE e REEME] 1.7X107° Lemol 'ecm™!,
Hrh g B o @ 205 0.18 Al 0.15, MEIRMR 0B
145 R A AL AL 73 08 0.64 F1 0.68 V (vs.
Fc/Fe'), KT[8]CPP (1 AL FEAL(0.59 V).

5 Jasti TR A, PV ERAZHISIFE 2021 4F
G3 T8 TR FH WD G N B R (AQD) i B2
(1] CPP —RARGKIA. NIVES B BB & 2 30 05 &1
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Bpin e
° Pd(PPh3), Cs;,CO3
* ‘ PhMe/H,0 , 80 °C, 24 h
OMe Bpin MeO
Ar = 1,4-benzene, 51
1,5-naphthalene, 52

i) sodium, naphthalenide
THF, -78°C, 2 h

ii) 1o

Ar = 1,4-benzene, 53, 66%
1,5-naphthalene, 54, 49%

Ar = 1,4-benzene, 55, 75%
1,5-naphthalene, 56, 48%

Bl 24 RANZERFER CPP AR & A
Figure 24 Synthesis of CPP dimers linked via benzene and naphthalene

AR IR R O] LA CPP 5 He 0k A1 2 (] S T e 4%,
AT 138 I IR A e N e Rt A BT =S W 5 A R
BRI CPP RARGKIR. TEX T 7T TAEH, ik
RIFIE MR EY) 57 34T Pd L) Suzuki R
N, SRIEFAILAY) 58 KM R AR B LA 37%(1)
FERAR TIHAEY 59. fETRM ISR A LiAlH,
WEERAEY 59, P 67% =213 246 54 60. (H1F1F =
X — KA LiAlH, 47 CPP 5 Mt R L.t
) 60 51k&%) 61 7 CHCl;, CH;COOH, 60 CHIZ&MH T
AT A O, DL T4% 1077 R A58 T HAR= 4
CPP 54k 62a([& 25). AT, Hh&4) 62a i T H K fif
I E5 AT 2 IR A 22 BV R PE. TR R P B VA B B =
SERFERE R FEAN = OB RE 2 BRI, UM RN 251 S BT
3L 90%F 66% (1) 7= 243 3| | ¥R LI ) CPP
K 62b Al 62¢. IXLEXUZYKIF BA Bk Z -4k
(D-A-D)45 Ky, HpgikIn 62¢ 7 & HF heinmib ik
WA 616 nm, HFLTALFZIL 276 nm, =T =R EFHA
80%, 62¢ A& H BT A IR R I 600 nm HEA &
HTPPRIIRGUOKIA T Bz gk S Coo AT 112
2%, @I UV/Vis T E S8, 45 RRHHLE SN
K1=(4.1540.58) X 10° L/mol, K>=(3.63 £ 0.44) X 103
L/mol.

TERTAA AT BUZ GRSk b, b R
K AQD SirgIKI R ITHATES A, sk H X
IERFEPERLA BT P B A R 02 85 09 BB 4R oK B4 2
Ui AR B IR IR (OCEV R &R, fEIX/MIFA TAEH, AbATE
JeLlh 9,10-X( =R H 2£)-9,10- ~ & (63a)Fl
11,11,11%,11'-PYR-10,10- R — H Hi(63b) 537 5 “C”
RALEY) 64 JERIHEAT Suzuki (BIE. N T BBl R
N X ik B, 63a, 63b VU S N S # bR £ T
e RN A 3 MBI Y, HR BB AETE 12,
3/4 BLE A TR, 1/3, 2/4 4 B ARG A 11 R4,
1/4, 2/3 i B AR A= i FEFH R 1 100 B =47, & SRR i,
ZRAE 1/2, 3/4 r B AT KGR FE M RB, 43 3 LA
47%F1 60%[1I7= A3 5) 1 BRI A 65a A1 65b, 28
Ja G ST R B3 A EL 27%H01 20% 7 %445 2|
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X
57 TESO oseT O
Bpin PdGj, PPhy 0 O W Q TESO
@N\S KsPO4 (89) _ reqo Hh oset
=N 1,4-dioxane \ ’ TESO O v
Epin 80 °C o B

57 (X=Br, Y=1)
58 (X = Y = Bpin)

58
PdG;, SPhos
K3PO, (ag.)
1,4-dioxane
80°C

ET
LiAIH,
THF, 0 °C to 66 °C @

60, 67%

CHCI3/AcOH

60°C ? Og R
A O
OOQOO .

62a, R = t-Bu, 74%

62b, R = =S;i(i-Pr);, 90%
62c, R = = Si(n-hexyl)s, 90%

Kl 25 EUATAEMINRER CPP R K
Figure 25 Synthesis of CPP dimers bridged via pyrene derivatives

66a F 66b([&] 26). i FIXFhah AT e R A A0 R
ZH%E AQD HLIT AR, A CARE L T H e miAh
SN, 9T A5 T RUR L B P24, AT ] vk 52 TRV
— AR LI B 2R SR A e ()7 BHL I . SRt &
Y 63a 5154 69 @it Pd AL Suzuki fHIR S B PL
S4% 7= HAR B AW 70, SRJE AT SO LA 77%
(77 R A5 B B R T ORAR 71, d5e i @i i JE 55 H AL b
21% 17 RA3 BN &) 73(81 26). 5 FEF 11T B =4 4544
SORE R AR e | Qi ol Qi L i J OBV = L Uy AP
BT VU A F B B T AN A = AN B B IR 5K 18N
YKIR. Rk, I P 2R O LT A R 26 DLIX J5ik
PPk 5 SRAG B0 T 1 AUR IT B0 A 45 1) F B 9 K 3 s i
(1) OCE #& &. R T 57115 2] 66a, 66b F1 73 4
KIRH N AEBE N 313.8.320.1 AT 206.7 kJ/mol, FExH A
n S S BRR AT T 00T, 45 KL 66a, 66b 1 73
2By A 23.8% 41.6%F 46.7%, X &I EA1LE
Wi )32 A1 e 52 i A7 AR 7 THT B AR VB AE I B F A A

7E 2021 4, Juricek B@HTE T IFARR T —FpE
T4k 3h & 3L (CPP-Phen)i £ th & 1 “ 87 T I 45 44,
CPP-Phen ' CPP IR 14— N0 2K 3 A2 R 45 22 56 1Y)
as Ml ag 17 77 AR, DR R 43 1 i 5 5 0 A M 2 o
gt b, RA T3] CPP FrEt b, DA AE R R
TCIP) as~ae AL B A Z RAHIR R PANHE] 7. X Fha
[N FBOE L a) 1 ay A7 7T AT B IR R 1) — 3R
SN, AR B CPP-PP. FEXAMWTAT TAEH, Adif]
HARUMEY 14 5 “CBUMLEY 75 NIEY), il Pd
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Tay @ 2 OSET TESO. OSET

6 ® Sphos Pd G3  TESO~(—> <>
O‘O 2 mol/L K3POy4 Q B O
1,4-dioxane 0 ‘ 0
& ® ; 85°C OSET OSET

TESO n  TESO
63a, (n=1) O
63b, (n=2) NH,
+ Pa—L
O OMs

65a (n =1), 47%; 65b (n =2), 60%
OSET Pd Gy

(connected at 1/2, 3/4)
TESO.
(o

0 v - 7\ OQ
s =dle])SUN

i) TBAF, THF, rt.
ii) H,SnCl,, THF, rt.

66a (n = 1), 27%; 66b (n = 2), 20%
type |

Bpin
O 63a
TESO. PPh3PdG3 ©

2 mol/L K3PO4 c
1,4-dioxane

B,piny,Pd(OAC),
Sphos, AcOK (ein
1,4-dioxane

85°C

PdCly(PPhg),
KF, B(OH);
0,
THF/H,0
40°C

i) TBAF
THF, rt.
ii) H,SnCly

THF, rt.

73,21%
type Il

K26 BEERRATEMIPNER CPP —RAKKI A
Figure 26 Synthesis of CPP dimers bridged via anthraquinone deriva-
tives

HELREAT Suzuki 22 XAREL, BEJEERSHEE T H
HoSnCly HEATIEJE T #1k, LA 15%F7= 3R & K 1 Hp e 44
Y92KIR CPP-Phen 76, m/aftb &4 76 it =20 [ BilL
34% R 2 K58 T HEsLA Y CPP-PP(E 27). BEN
CPP it —AHkin, BAHZA90KA, Hdih
158 A~ sp?-Hi S5 2H i) 58 4 n-JLHE I S AL S Y 28
% Ff . CPP-Phen | CPP-PP ¥ )& B SEmE, 516454 /K
CPP [N FITE T AT BEEMLZ AU AR, B
SERMJIESE T CPP-PP HI5E4r n-LBEE 48, HHRW T
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nes
Al
BF

EEABMNKMEE S R, EE0REeEE
B S A RS, X R B I s R AN EAR . X
T ik v B i O SR T (HL H2 AT H2') 8 171 25 i 9 155,
AT RE 2 5l A IS, S T T BRI A [ AR 1%
WRBZHAE 2021 FFETHIFEE R T —Flolr B S5 MBI AL
YKIR CPP-PPP, ¥ ik B B (I X Stk N 9K IR
HR xRy SOE R R S i 2 EDE, B AR T (H4
A HAYE PR S X, eiE bR T A Rs, A
ME0E T CPP-"PP () 4KTjHE. & p CPP-*PP - EAUHE
H H2E R AR Suzuki B, 5 RT3 1 CPP-PP 114 ik
FHEE, HOd MR TE TR BRGUKRIE 2 BT . (&9
74 i85 Pd AT Suzuki FHEELL 60% 1 7= 215 21L& 4
77, SRIG AR = N R LA 63% I 7= 45 ) v (] 44
78. IR LEEHIM R CPP k2B R — AN ), 7
ik T LM IR, RO U JEREHR T 79 % E
HibEY) 78, it Pd #ALI Suzuki fBE, B )5 1E
PIAE T BEAT R SR 05 4k, 2B 31% 1 77 %15 3]
CPP-*PP([¥] 27). 5 CPP-PP # L, CPP-*PP H' CPP ¥£[¥]
A T) g2 5 o5 B0 AR RN B R kAR 2 AR L.
CPP ¥£5 CPP-"PP [1Jisk EEAr 2 ] ¥ DU AN i 42 Ak 1 — THI £
M 66°, 61°, 66°F1 61°, .3 /NT- CPP-PP(*1-¥J 80°), &
B CPP #5 CPP-*PP Hr (1) Coicd BE B 2 [R) £ 7E B 5 1Y)
n FLHERN, CPP-PPP (1) CPP BEZKHL T34 T M1
41°, KT CPP-PP(°F-#J 29°), XAl fESE i T AR ghk
W2 RIIRTEAEZE 5. 5 CPP-PP A, CPP-"PP A
PSR P 2 e, KA AN #3730 1.76 A1 1.17 nm.
[F) B 5 00 3% o 3 (P UK BRI Fe . AT
Hl: (1) CPP-PP I Hi ¥ Y (1) 2R HEAAE 2, (2) 2 /X
TEAR B 45 b 25 AF A2 AT A8 4k, (3) RMEL R Coo (1)
1D 1MARE L 2 KEY.

Jeacart

1) SPhos Pd G3, K;PO,,
(2 mollL), 1.4-dioxane

2) HSn,Cla, THF

ssssss

-toluens
monohydr

ene.
 oroweERIme .
(. 3) pechloranil, DCMfoluene
o

L (A b

1) SPhos Pd G3,
K3PO, (2 moliL), 1,4-dioxane 7

2) Na, naphthalene, THF

Kl 27 EEATEMAIFLGLEBER CPP RISk
Figure 27 Synthesis of CPP dimers bridging pyrene derivatives at dif-
ferent locations
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3.2 C—C #EEn “8” FRIYEKIF

7E 2014 4F, Ttami BT XEAT T =181 CPP
5 C—C BEEEREN CPP BRI & ik, L ERA
CPP Z [AANTEEER AL M 2o iz, (R TAEH, ]
HARUAEY) 81 1 82 A4 T Pd AL Suzuki 1
BRER] T “C” Bk 82, DL “C “TUEIC 82 A1 1,4
T 2-EEE N ERL, PA(OAC): AT, NaOH AT,
L4- S SHORIER, 15 80 C &M N RMET, KN 1,4-
TE-2-FORTE R R LA H B R G R AR RS AR
B, FECHAR =G e 2R AR, B SR, A
JE AT Suzuki-Miyaura {55 5 R 45 PREAT 5, 7
PACIy(PPhs), AL, KOH Jubif, DU MerR i 77 1
ZAF AT TIRIE T HAE, 55 UL 31%0) 72 R A3 B4R
] CPP K2F 85. SR J5 7 Yamamoto {8 M T A 37%H
FERA T [10]CPP 244k 86([% 28).

B Bpin

Bpin

Bpin
. PdCl,(PPhs),, KOH
THF, reflux, 24 h

RO
fe==aN O B
RO

83

r Ni(cod),.

NaHSO, [ | 2,2-bipyridyl

m-xylene, DMSO, THF, reflux, 12 h

reflux, 72 h

Bl 28 C—C iR CPP IR AL
Figure 28 Synthesis of CPP dimers bridged via C—C single-bond

2021 FAF R G R T AR A “8” 7
RPN RIR. FEXAIEE TAEH, AbATT 8 2 LASTR
FE TG 87 A “C” BUfk-&4) 88 kil it Pd 4L
Suzuki fHECA LT KINRTIRA 89. SR )5 A HaSnCly AT
W JRTT R 15%7= 213 3] T XUE e 40K 90.
HAYKIE 90 (AN R EEAE CH.CL ¥, —78 ‘CH
G = IR RAR, A RO R e 1 R A ) v )k
DRI, 75 S 7 B A e R = 35 F R R I A7 E R 347 e 48
SN LA AR A T i R AR 2R [ 10]CPP 91, T 25 S B Ak 7=
FHBIL 55%. SR FK[10]CPP 91 F1 “C” 4 —flifR & 92
JEid Pd AL Suzuki BRI R, EERAIAEE T H
HoSnCly & 5 75 FAG I £ B AR, mZ%LLRT 80%H)
FEFRASE) T HAR SCPP[10](K 29). i % 1% XA H
AT A, 45 SRR KINTK TRERIA 462.71
kJ/mol. b4, SCPP[10]RT{E N 7718 IR P Cro
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S, TERAEAEIRI 1 1 2 ERAKRE S9). SCPP[10]1W)
WAL T 265~470 nm 2 (8], fHKIRIELI T 352 nm
b, TG R BZI K 2.48 X 10° Lemol 'ecm™!, %14[10]CPP
(6=1.2X10° Lemol 'sem Y B fi%, 350 nm HUk T W5
Bl R G. WOCE TR O N 5%, i K T[10]CPP
(Dr=65%), XA HEAE K K AE R 3 b B8 S 2= A2 1 L
il =

1) Pd(PPhg)s,
K;COg, 70 °C

OMe
2) HoSnCly, THF

93 SCPP[10]

Bl 29 HHEERM CPP —IRAII& AL
Figure 29 Synthesis of directly linked CPP dimers

3.3 FEFEBMS FIEREN “8” FRIYKIF

B T HPIH ALy R, e IR ARSI R X
TE 5> TSRS A5 i 87 F TR NIME R IR, Sl 51 KB
AN R T B KA R 1) p I8 B B FE sk R
ik J1; FIEHALL S AL, X R AW B B it R
%uéﬁs‘fd\ﬂﬂﬁ‘c#%&% LRI 7 F R PRI/ S HE

o R RSB AN GUnT oy B ARV R UY. H AT FROE
E’J"?%%b SRS ST ERNET T N e 2 N QL N LU
R T A 5 R ﬂE?ﬁi—iﬁ?%fAE’l 1E 2016 4F,
W 5 1l AN KR R ZH TSR 1 46 v 20 1 1R O 42 3 v A G
TEMEAA A0 43 F- 1R S5 0 58 2 (R RE A, AT TR I
PEUEAE R T 5N CPP N ITH & T — 2B R« 8”
FIEWMERIR. EE RO F, L 2,6- —IREUA R
SIS EAL R[4+ 4Dt B, B 54%1 7= 515 21k
AW 95, HrR LB 95 A8 1 USSR 0 R Bk 5 [,
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(@D=0.10), XFHGEKIL 98 724G HLE AR E R i

300  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

= ry
LR
B BRI KA BIRE 1 (R 7 i
A AR KA A R TR A L 4R
Pd(OAc),, S-Phos
Bopin, K3POy, 5 1) benzene, xenonlamp, soin .
B 1,4-dioxane, 80°C, 20 h ”'"“ 30°C, 12h QL™
SOOE GO, s L
94, 99% ) recrystalized in Et CEpn L o
95, 54%
MeO, OMe
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B30 FUMHHEHFER CPP —RIKMA K

Figure 30 Synthesis of CPP dimers bridged via pentapterene

2019 G AR GIZH 7O 2016 HE A JE At 1 38 ik U
Y A Diels-Alder WA T —F L EATA
T HGKIR T, A& 99 JErE 254 nm RAMER)
HES T SEBUOUEUR SCRE T IR AR A T SRR 100, S8 )5
K¥F 100 7Eid & CsF FIfEH 5 101 34T Diels-Alder
RN N A 72 0N 22%E AL & 102, fE=IE T
F It &1 CsF Xt HAFE S, LA 65%MI =R A T &
Y 103. B EZEIER T TR 1k, Bl 93%
FERGH) T HEHERTAERGRIE 104K 31). i@l
i X G M HEAT T AIE S AN K S L LGS R R
B, BAYRAHIRT N 1.4 nmX 1.0 nm, [FBi%
%%Tﬁut LA P E ] A5 T S22 RS B85 B 10 P M
N, EAKBELEZEN. WPIKIE 104 RIHE =1
RNETFEHR(P:=0.63), HLEHMN 2.6 ns. [FAR,
W HFHERATIR G, ZOUKIA PR R AR RO

254 nm UV irradiation,
ben ene, 25 °C, 20 min |y

/7 i) sodium naphthalenide,

CsF, CHCN, [
THF, -78°C, 1h

25°C,12h

) \\ ii) quenched with I
\)

103, 65% 104, 93%

B 31 LRATAYIRER CPP —RAKII A R
Figure 31 Synthesis of CPP dimers bridged via pentapterene deriva-
tives
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B 32 —@ER = CPP RN A R
Figure 32 Synthesis of triptene-linked three CPP class topologies
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it Pd AL 1 Suzuki N 5 FFEAT Yamamoto 538, #
ALL 51%H 7 A2 A 113, S8/ H HaSnCly X H
HHATIE IR 5 14k, 2L 85% =24y B9 453 2 B A5 =4
CPPL 78(/¥ 33). ZifMi4Lxt CPPL #E47 T F R4y, K
IR AR E R EER, BRI 2RI O6 S
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Br OMe
MeO-
MeO, Q i) Pd(OAc)y, dppf, Ag20,
w K,CO3, toluene, 85 °C

ii) Ni(COD),, bpy, THF,

MeO'
DMF, 85 °C

O Br MeO
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110 M3,51% 7
xx H,SnCly, THF, rt.
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N
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Ba(Pin),, PdCly(dppf), | 111 (X =B
1,4-dioxane, -
KOAC, 110°C | 112 (X = Bpin, 99%)

B33 IKIRMEFIER) CPP SRR & Ak
Figure 33 Synthesis of CPP dimers linked via bicarbazole bridges
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R FIRJE TR, P 45%FP= RG] T “8” TN
KIF 117a. UL 114b #1115 AR E T A0 [ 1A Rk
J7iE, GERHILL 30%A1 35% 77 R RS oK KER
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TEAKER 117b AT 117¢. [RINEE L LA 32% 10 %
TE A BRI (I RAR IR 117d, XK T %A T 2
BA—EMIEHYE(E 34).
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B 34 IR HRER CPP RAKME R
Figure 34 Synthesis of CPP dimers connected via spirobifluorene
bridges
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N, PARE 85% = AR 119, SR 5 i 34k s v i
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K EARGE, AL HET B EES 44-"IRBOEK
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AR TS, SARSEMIEEERARZED 102
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ARASAS AT A A EE RLPE AR . 1% A4 X R 3 28 KPR
Gy FAEE o AR B SR T 5%

B35 ¥ /\DUBEMMFER) CPP —SRAKI & hk
Figure 35 Synthesis of CPP dimers connected via cyclotetrathiophene
bridges
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HOLEMT “H” 7. 3D EURIR RO
Gk (Bl 37). EAIFEAE. OLEDS, AHLEOL. it
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B 36 ILAPSEAN RTTHKHE
Figure 36 Five types of the nanogrids

X

H 7 1% L -y
B 37 bk Lt

Figure 37 Topological nanogrids structure
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T 126. SRJ5 H Y91 126a 1£ =HALHH 2 BRI FEAE T LA
9% #4343 T GF-1. {33 H 35> 71— e b
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I 7E IR I AR AR IR RF 7 T 9-2K 3 b e FE A 0 K B X
RIIFEM, 45 B3R W 2 e B 1 B B B ) BRI
GF-2 =%k 3] T 26%(F 38). 1X B K Akt L5k
B 3 0 2= B 207 TR OB (R, b s T B
TR E . RE T (TGA) LS LW, GF-1 1R
TP (Ta) 1A 366.5 °C, GF-2 {43 AR (Ta) ik 402 °C.
[\ I Z2 R B HUER(DSC) SR 7E 330 °C LA %A gL
S0 B BB A AR, RGOS R KA E AR
EEAS, FLHITEALCA 0.9 nmX 0.7 nm, FEBJiZ4KE A
TE B WK Z AL BT 7).
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O OH

aS ez

125aR'=H

125b R' = OC8
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K,C03,90°C, 96 h

BF$Et,0, CH,Clp, 2 h

GF-1:R'=H,R2=0Cg GF-2:R'=R?=0Cq

B 38 il il “H”7 TR

Figure 38 Synthesis of “H” nanogrids via Friedel-Crafts reaction
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1% 7= 2643 2R 4K A% SDG(E 39). FAMRATR A
STF-DOH H & KA & &M, FH ML £, A
T AEYR R IR G oK SRS R A L S
(k=8.43), It HAEANIAH R A (OFET)H 12 /0T
FARIEE T 3.94X 1073 cmV-les™!, XTI TAERHIGK
A0 445 KA I8 3 o A 22 Thie Fi v 14 8 11 26 U AR
BHLF T

CgHi70,

B He Ly R
o T+ CF L, 3
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STF-DOH + ML &.
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7
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B39 i 18 v S o il 46 R A%
Figure 39 Synthesis of spirodigrid via Friedel-Crafts reaction
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B 40 @it Eglington-Gaser IR # A3 = LW BTG TR 7 158
Figure 40 Molecular cages linked via Eglington-Gaser coupling into
phenyldiacetylene units

2013 4F Doonan @ 217 K H Eglington-Gaser
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FEIX T TAE P ABA T A = A 2R S5 by 4-[ = (4-THCAER ) FH 2K
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REFMLEY 138/ 41). SHAE G R H K2
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Figure 41 At low concentrations, molecular cages linked via Egling-
ton-Gaser coupling into phenyldiacetylene units
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UV-Vis & L4, KIES Ceo fl Cro R A YI7E
FOR IR 2240 A5 B0 A 1.4 X10° L/mol (Ceo) A
1.5X 108 L/mol (Cro), 1X3R B2 & I M 421k

Pd(PPhs),Cly, Cul
CigHas
piperidine, THF

O 30O-0O—=
)

[
Q N pyrrole, BF3Et;0  ppQ

° ' .O‘ CHCl3 Tol i
H

139

R
141, 85%

Q
R= e e, COPS5, 56%

B 42 BJRSE o EE R COPS
Figure 42 Synthesis of COPS via alkyne metathesis
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Figure 43  Synthesis of tetramer molecular cages via alkyne metathesis
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Figure 44 Synthesis of carbazole-containing molecular cages via alkyne
metathesis
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Figure 45 Synthesis of tetrahedral molecular cages via alkyne metathe-
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Figure 46 Synthesis of 3D cages via assembly/reduction elimination
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Figure 48 One-step synthesis of 3D nanogrids topology via Friedel-
Crafts reaction
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Figure 49 Synthesis of [4] cages and [2] cages via Friedel- Crafts reac-
tion
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