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MIETTEYMES TR S5 BEEFRINAER

& g it 4R oK ¥ W Z N
Bod KAEW BAGR
(FALITE R A B TR ARSI IEM S PR B S E i =
Hit& @ PR E S SEIg=E 22 730070)

WE MREZHINERLAEYN B I R E R E, B ZAATE TAENRA Y It BB GBT A
YIEYE, &8 RINE RN RSN E BOE TR R, 5 FEWNDIRIE S . SR EMER Z AL R
PIFEHIE R, FHESEREE . SN nn HEFREFR ST AR, Bk, w0 &7 573 it N
MRz, 43 FRAIMR)FE 7 B HEMS-A)E — B DR R B4 PG R E Z MR 5007 1), 458 7 LR
BEATAYITE MR 1 MS-A H R HERE. RYE 5 W AT AW BT /e I E AR5 B RN MR 23 4 BH B TR 5I(CR).
BT F IR (AR) B R 43 FIRII(NMR) =28, ARIBF SRR AR K MS-A 4L N RS S ERBSAadA
BE(HBSA). HEFRVE A S0 H 435 (ASA) . 4B -BC/RE I S0 B 25 (M-LSA). £ FE A7 R R S0 B 43
(MFSA) LA R AN IR 1) 3 [A4F F 5 51 B 2H2% (OESA).

RERWE Wi RIRT; TN, BT E LR

Development on Application of Phenazine Derivatives in Molecular
Recognition and Self-assembly

Li, Wenting Qu, Wenjuan Zhang, Haili Li, Xiang Lin, Qi

Yao, Hong Zhang, Youming Wei, Taibao™
Key Laboratory of Eco-Environment-Related Polymer Materials, Ministry of Education, Key Laboratory of Polymer Materi-
Y ry 'y ry Y v Y
als of Gansu Province, College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)

Abstract A wide variety of phenazine compounds are no stranger to organic chemistry researchers, it widely exists in organ-
ic natural products together with good biological activity. The synthetic process is simple and the functionalization of molecu-
lar structure is comparatively easy of phenazine compounds with natural skeleton. These compounds with multiple sites and
large conjugated system, which make it easy to form hydrogen bond, ionic bond and n-7 interaction and so on. Therefore, the
phenazine compounds have extensive application in supramolecular chemistry. Molecular recognition (MR) and supramolecu-
lar self-assembly (MS-A) are two important research direction of supramolecular chemistry. The advances in the research of
the development on application of phenazine derivatives in MR and MS-A in recent years are highlighted. According to dif-
ferent type of guest, the MR is grouped into three categories, including anion recognition (AR), cationic recognition (CR) and
neutral molecular recognition (NMR). According to the difference of induction factors between guest and phenazine deriva-
tives, the MS-A is grouped into four categories, including self-assembly induced by hydrogen bonding (HBSA), self-assembly
induced by accumulation (ASA), self-assembly induced by metal-ligand (M-LSA), self-assembly induced by cooperation of
multiple factors (MFSA), and self-assembly induced by the outside environment (OESA).

Keywords phenazine; natural product; molecular recognition; supramolecular self-assembly
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ZiR SR

BRI A Y, R E A2E —F AT I T RE R R
ITEREM N ZBERk. K2, A, K
VAR E A L S4TI9, S Ak, my R AT AE IR L H &
FISERIEE S (A BT o KR, A IO I
JR LA S =AM G 55 30 BE AT DAE A 5 Bl AR F S 2
&, XART nn HTMHEZEER, HHS TR
FHWEA—EMRFE2Zae ). ik, ZREamER
g3 A 5 1 55 A8 B AE B A3 A A 2 K ) R A R
ST SR B BOK B LB AR 2R FRE IR (1) D 1
Ae BRI E TR BB GHE . BORRIHT
FEr i ®e, If H, RIS R KA WX,
1535 2 4 Pk — B AE R0 TRE R 7 B A 2481
RS S i SR A A TS I AESR, Wy BRATAE A
Gy R BRI 2 B 2 3 Ak I B A 52 B oeyE, H R
BT FHAT, R WO Ra M oridHiE. STk,
TEFRATTS Wy R AT AR ) 1) 6 18 S L B8 - R ) P RE AT 7 1)
Bt b, SRR 7T ARy g K AT AR MIAE R o Ak s
(PR R, 53N TR I (MR) AR 43 1 H 4 3%
(MS-A)P . RIE 5 W AT A A & AR i 25 2
IAER MR 20 NEHES FiRBI(CR). BB T (AR)
DL PR 2 IR (NMR) =25, AR B 5h 77 AR 7] SOF
MS-A 7 N PLR UK S AE 75 510 B 425 (HBSA).
YRR A S 1 H 425 (ASA). &R -ERE 5 S E
2H 2% (M-LSA) F1 2 FAE H 71 W R /E F 5 5 00 B 41236
(MFSA) LA KA A B M S AERE SN A HE
(OESA).

1 4 FiR5

53 FIRAI(MR)— H LCRAE NIl T — A E
B RS, E R —Fh 2 ks i 1 18] 55 AH T
JEPEME LS A FEFRE E A AR, BT Z R R IE
WAL 2 (8] 96 Rt ——TCIE. 2R+ s 5k
o SEFA R AT AT P LR, 7R R F R 2
oy il id 5 R AR 45 A 51 AR R o T 450
BCE AR AT NI Ak, AT B 515 5 4 i B
VUM RGBS AR S RIA. TN (MR) i
W BB IR AI(CR) FIE TR A(AR) BA S 4 4+
TR (NMR )ix = 220211,
1.1 BFiR3

B BB 7 IR0 VR S 437 U A ) 2 AT AL P 4R,
ST EAE AR Z AR LR &SR
ZNA. . BHE P US55 SR GIES), A
FITJE En e AT TAE N AR AR I R o A A 2 = B s
FH - BH B - A4 P R s 2R B8 SR 2 %o B 1 0 PO AR
(R A FEHE 4B N AR . BHES T B AL 1%), &
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FCFH  BH S 7R 40 M S, 32 T X A AR P i B Rl 45
FR2A) PRk, F TR PREE DL S A AR S PR SR
IR 20 A o R T — M AT RS I S R T AR
L BREE. WD IREE S AU AR 2324, 7
PRSI T3 1 v AL 2 AR AR SR B P ES T-IA SAGIU
BRSO AT — AN LR, SR EA R B
BAES, R 6 (0 I EAS DU (R4 00. e s AiT
VR R i T Tl 3 — R &9,
I H— B DR 51 (5 5 i A — R S 5
e SE I DL R B 2 ANECAT S AR GBI RE F1, TR
R80T VF 2 M R AT B T W R AT AR W 1) AR R,
HAP B PN T 008 F IR AL 2S5 5= S A X
BZH. EHRERNANS AT, TR T&ELE
Vs GURMEL T IRECL R 71 M RS R T AR
YIRS F IR R, XESHRAP R B, KRy
J& T FE T Wy R AT AR W ) U B AR ) o R Vi D Sz
B PIANE, T TSR AR X 5 03 R AT AR I 8 iR
BIAT R T M R SRR, ITEER, FRATIR A RS 2T A
T T A IR BHES TR T TS T — g 3
FEARTE KB P EE RS T HAE 7, W Hg?,
Ag’, N2 AR UT g I 14 .

1.1.1  raB-Fin5)

2012 4F Bun ZFBIE R T — R LBy b gt —
BRI - =F MRS 1a~1d FT 2a~
2d, IXECIRANAA AT DA R B AR . X e s2 Ak
SFE Ag T RS R E T S W R R = IR A
JR T RO SEBLR. R T SEBLE KA T R IR B AR T,
VEHAE =Mt B 5N T /KIS ) 2 — k. IF BAE
WEFE R R B, EW R 07 3R ESl NG &R, BT e

I T YERE, SRR D TR RS R
X X
x—%;:j}—x
N NN
N= =N
o Y
R 1 R
X X
x—%iij}—x
N, N
N=N > Ny
N/ \_N
RO OR

a X=H,b X=F,¢ X=Cl,d X=Br
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JIBEAR. 7RG, FATUAL G 1a A, TEKIER IS
Y 1a 7€ 560 nm AL O RS, Ag N G 5 W fl =
B EJR T K AEBAL(Eq. 1), 524 1a FI5OLH
K, WIS BIAE 7KV o AR B - (R ).

2014 4 Zhang FFPNEIFE R T — MO R AR I
FRIRAR 3, AR IRAR A VUMK T N R I 4305 42 P iy
(e gy FE [A1, IXFE AT DUBR %) 4 B & - B #4E.
DRI, MEWy B G 8A & E s rIae /s, e
DA N BRI R I A B Qe i1 = 3 . I HAR I
a3 0] UMEA— P I B & AR iR, 76 15 M+
Mg?", Mn?", Na", Cr?", Cu?', Fe*", Hg?", K", Li", Ni?",
Zn2", Pb2", Ca®’, Cd*"Fl Co? ") B —HbuAG il Cu2" 5 1.
Cu?" B F BN AL RES 3 i B o R AR AR R IR
WA 2L AR R B 2 8, 5 AR LI 5K Ah -] I ik
b 3 B KR UG e A R B AL RS, 1E 365 nm R AT
SRR A B AR N TG B, TEAE R 1) 5 1 A e
HeTE AR, FEHALEES 35T Cu? B T RIS ARA IR A
1.2 umol-L ™.

2015 4 Janior SFBORHI IR dbHr I A ML
BT HET IR 1,2,3- = RMAOCIREE 4. FEAFER
HF(Cu?', Fe*', Hg?', Cd*', Ca?’, Co*', Ni*', Ag',
Mg>", Na', Pb*", Zr2"Fl Zn2 " WMFERI & TR T

1a
Strong fluorescent
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WE 4 BetERe. BER R, ZIRE R AE H0/
CH:CN (V@ V=85 L.S)FEW M Cd* 8T (Bq. 2).
1E 4 PRER IS RIG, RO BN B A
NER, EANI G b, BRET 4 1R S04 iy . 1
SRIFFEA 60 nm ZLFE, Fofth 4 )& &7 A& 5l
FALRIABAY, PR, ZAREN AT DL T Cd2 B A .

2015 4F Xu P THIEEE T —MET Hg? -Ag 4l
SRR T A R A R BE 14 7R 25 - 1) 3R THD 34 5 7 2 5 A%
AN, SR BEE T UL AR R R wE 1 FR,
VE 230 i i AR AR FAE KA o Ag 99 KRL 1 (Ag
NPs)(CFHIRAE R 49 nm) 5K & 45 A8 He -Ag 9
KK F(Hg? -Ag NPs). 41F 2 fiow, T He?'-Ag hi
AT LA AR 28— i (OPD) FH i 1 48 2 18] 1) S8 A 3 S
RTERR 2,3- My B (DAP), T 2,3- &ty
R E] Ag GPKRLF3RI, =808 BMAE—4
SRR 2GS S, Bk, (EF L@ E R 2,3- %
Wy R IR 2 B SR BE AR B, I Bz it
KBTI BRI E & 1.0 nmoleL ™. XAME KA X}
TR TS R I RO R B, B KOs = )
o 2 A — @A

©
Electrostatic assembl )
Ag NPs ectrostatic assembly ‘
Room temperature
® Hg2*-Ag NPs
Hg?*

B 1 Hg? -Ag GRALF I R R = R
Figure 1 Schematic diagram of the formation of Hg?"-Ag NPs

Ag+ y —

N N 1

Weak fluorescent

2
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Laser SERS

) -
w
Catalytic reaction

_— Citrate buffer solution ’

@ : PR GO,

NH, Ny NH,

oPD L,
Weak raman DPA

Raman-active

B2 sdid i fb SR AL T e R = O R R B
Figure 2 SERS sensing for mercury ions by a catalytic oxida-
tion reaction

2016 4 Su ZEBHLIF &K T AT NN-ZHUR-
TEAM BRI L B CIREE 5 F 6, X PIAMRET
A DAAE DY 0P PR 1 v 32 36 4 AR vy 28 A0 o v 4
BRI He? B I Hg?'J&, PAERENTE
T U A o B VAT e A, 7 A R DB A A R PR WA e 3 i
FHBE NI A Eth, B, XA RE AT LLERR
R X He? & Fia 2R %), SukF, Hg? rIImAfE 5
A6 VR TOGIRGS. EAERRZ, W RBobiEE
AR 5 A6 Xt He? BRI R 43 3 A 4.8 Al 2.6
nmole L. 516 v LATEJLFD P IR M 37 He? " &5

N=

VAR

A
a%a

Qe
aTe 7\

6

2016 4 Tian ZEPRINBET T —FhBERS LL R 5Lk
W Hg> WA 7. B4 7 B 9,14- K K9,14- —H K
I[a,c]y & (DPAC)H 42 i it fi v g 30 ok 3 T 1] i 5%
FRETTR K. 7E1Z3RET ™, DPAC HIolEA—AXUER
(1) R CL T (43 F G546 R T I R B A 58 ), 4 F 454
o5 R B ) AR BN 7 3 R T (VIE) AR (. 7RG
FEME AR ARSI 3] DPAC A —AMELL 0 R 5 A — A
AT 200 (1) 55 W € R . AH e tth, 7 [ AS R DA %% 3]
DPAC (U — MRS, KPR KB DPAC 145
RIS AR A b A R B, 3 A2 FH T30 20 J& S TR RS
PERT AR 231 1 T2 25 i R IR I (1 3R 30,
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I, DPAC 7E[E A0 AUk g (U 5. 7EEREE 7 19 THEF/
H,O (V:V=3:7, 10X10 % molL Y& A 0~4
equiv.f¥] Hg? B}, ¥R AIBEALE 365 nm &AM N IS LT
IR R A, EHNZEEE T 470 nm AR
SFPIEZRBIEBE, 17 7E 600 nm AL 1) A S I R S5 () 3).
XfEHTERE 7 £ THF/H,O (V. V=3:7, 10X10°
moleL ™ Y)E W H K 573 7 1 B B B gk, D Er+
I BHMIGOIR, 2N He2 i, #REF 7 A R ng
J65 Hg?' Z R AERA IS T DPAC 43145 F4 B 25
FPHE MRS, B DPAC 43 745K 237 3 1 e,
[ IR 98 AR N A . (LB 7 % He? ' FI B RS
PR 9(21.72£0.1)X 1076 molsL ™. iX#bgh R, R4t
7 7F Hg? HR A FR 52 5 N 1 VIE HLEL(E 4).

B3 7 365nm MIEAMT RS T 7 78 THF/H20 (V - V=3 .7,
10X 1075 moleL ") FP I 0~4 equiv.ff) Hg? I 115 6
H

Figure 3 Corresponding fluorescence photographs of 7 in
THF/H20 mixture (V' : V=37, 1.0X 107 mol-L"!) with 0~4
equiv. of Hg2" under 365 nm UV light illumination

2015 4 Wei SFPTHRIG AL 1 5Ty G AT AR P 0
DAL KAE 8 (Eq. 3). L35 8 1] LI/E — H ILAK(DMSO)
TE TR B T SR KAT D e ade B R AT ey R R Gl
Fe "B F. JF HILMBHES 7, 3% Ca®”, Hg*', Ag’,
Cu?", Zn*", Pb?", Cd*", Ni*", Cr*", Co* Fl Mg W& ET (1)
WAAT NEA . fEIEe% 8 X Fe® [l As il R A
2.860X10 7 molsL '. —H 5 Fe’' &84, 8 %I H,PO, &
N B KRB, B4, FEAE R 8-Fe* LA Hh i
AN H,PO, Jaal UK R JFR 9, 724 — A IF-R-JF
FIR AL, ER— 4 51 ook H,PO, [ e A I PR Ay
1.866X10 7 molsL .

2015 F Wei SFBIBEH 7 —MREWSAE S /K IA R
AN RUBIE RGN Ag” BT IIfE R4S 9 (Scheme 1), 1%
P IRAR LAy BR A {5 S i B [, DAKIE - f) 52U A0

5 e B AR A I PR 43 531l 4.07X 1077 A1 3.84X10°7
moleL !, H HAZ R ik B A 52 HAth 5% 4+ & )@ 25 R 52
W, F3ah, AR 9 W LME N —ANMETOE B R EF R
Ag BT IR, R, 1F# 4 T 24k B Al
R, ZARACHENS 7 [ P A I Ag HAZTE.
1.12 BB FiR5

2008 - Shive ZFBO T4 i T 1 3 T3 R JIR Ay
EETRIRATAE DB B AL IR 10 A1 11, X RG2S
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Planarin solution
Orange red emission

H92+

xx

Coordlnatlon

V-shaped when aggregated
Blue emission

Aggregated

B4 7 EARERN Hg?' (1 m] e pLEE
Figure 4 Proposed recognizing mechanism of Hg2™ with 7 as a probe
In which a butterfly type of planarization in 7 is prohibited due to the nanoparticles formation of the 2 : 1 7/Hg?" complex

et B oot
@ENIIN/\ O Fe3+
0 Fe3+ (©)
w8 © o
@ENQ:: _ Fe(H2PO4)s H SN
L B -

Fluorescence ON
8 Selectively OFF

:»@Im@]@ e haey

: CLC

B 1 9 U Agt A T AT REALEE
Scheme 1 Proposed mechanism of 9 for Ag™ and I ions
FEZEY) DMSO #HH BES BRI LE Al -, AcO™ BLK IR —E E I iR = A & 5, 10 A1 11 () DMSO
H,PO, BT M5 BIAEF RS 10 A1 11 1 DMSO Wl FVASI (034 e S (0 A VR AT 6. 1 AT 190 46 41
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Fr, FEAAK 10 78 400 nm b FIROROE LT A 2 500 nm 4, 1T
T4 11 7E 400 nm A- IR IBIE LT F4 & 525 nm Ab.

¢ ¢

Os__NH S _NH
Y 5
N NH N NH
COCr Crx
N NH N” NH
0?5 S}Eg
10 1

2013 4F Zhang SEBTHRIE T —Fh DAy (5 S5k
FPIH S AL RS 12, ZAE R RS 1L 2 G s
i B R AR RO SUBTE R A FE T, SR HE
SEAMIFHE P PP IRI A T A EEs 12 %
F B RIS AR IR A 8.62X 1075 molsL™". H4hFH.
VR 8 I ARG e B2 AR 10 BB AT BRI
FNLER g 25 B3 AAE H.

FF
N N
CUCCy
—
N
N H .
12

2013 A1 2014 4 Hua B89V 55 0HE R T ERE
R0 CN™ & 7R LK 7, fFEE 13 il 14
(Scheme 2) L J 15 #1116 (Scheme 3)43 7| L & J& 2 4 3
T N-F 05 WS R 1R A7 o5 RO FEL T3 R3S 14 R
— AN ZEFEIE IR 16 A N-HIEM| AT )
A OB ) R IR S AR, HLa BE A m] DA A
THE BRI 135 ONT B R AXGL B f5 W 1 ICT
REFE, ANIP=AE T 9O KRN, BT HRE 14 I #id
B ICT RS REM A CNTE 724 T B EL
FLRIT LA IO G N, R EES 15 F1 16, T
T MW e A A 2 8 1) W5 e 52 AR 53X R /A 88 20 1
JRUEIRAS T A 9. TEARRS IS T IMARE T )5, 7
+ N HLAT R AL el R 2k B 580 nm AR K B U
SERE, BT ST 16 RHEE TR E
BT, 43 N FELAR R RS 1 U m) B B R e 1), PRITE

CN CeHi3

8
-/
E
%
b

(o/ |

CeHi3
13
CeHi3
e

AL
N Z > eN
CeHis
14

CgH43 CN
(|36H13
N /ﬁ\
AL 5
O N CN
7 CN
CeHi3

B2 13 A 14 15 CN A RERIHLERL

Scheme 2 Proposed mechanism of 13 and 14 for CN ions

B3 15116 HF) CN A AERIHLEE

Scheme 3 Proposed mechanism of 15 and 16 for CN  ions
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630 nm ALIZEE AR BT R G Rk, (LAY 14 F1
16 1 LU A P ST 11 5 02 28 BE 26508 e 1R A1) 38 1 1
FEJRAR.

2013 4 Zhang “5UOLEE D R BRI G R T PANA
FRIFALIRES 17 #1018, 17 W LME N FATH, PO, AL
FIES AR AR, T 17 ATRAZE 10 AR FF, T
PF,, HSO,, CI', Br, AcO", NO;, BF, f1H,PO,)
Hh—H R BEPERG N BB 247E 18 [ DMSO ¥k
TN F R gt o 40 (28 il e o, LA
1) 525 1 575 nm Ak pW g B BRI, TTIAE 455, 675
PA K 750 nm &by i B T = ASEr Wi, 47E 17 (1)
DMSO ERIIN H, PO, B ¥ Bt Bk 41 (5 A8 )
KR, TEAHM R DGR I T =25 F &M
LER T TR AT U, E 525 F11575 nm Ak R ST s 35 A 58 4
Wk, H7E 18 11 DMSO WA FJ57E 525 nm 4k
(IR SV BRARG, 7E 475, 685 LA A 750 nm Ak HE B = AN BT
W RO U, AT P I £ EROH 41 A8 S ik

Ny Ny N Ny N
CLCLICC
17

H
N N N
II\II\
~ P
N N N
H

7 N N\
=z

2015 4 Yoon ZEUUV 1A B T WK 2B B PR T
19 (Eq. 4), 1%AE B AW (5 SR A5 R DR, RPEmk-2-
i 9 UL L A OB EREE 19 FTFEKH S OCT
BT I R ) I SAS BAH R A SO RS £, 1%
PREF X OCH 1 AR A PR AT ik 0.071 pmoleL 1. Hgrdt
TEEMEE, 45 Hy0,, NOe, ROOs, ONOO™, *OH, Fl#l
TR E ALY OCH [RAR B A T,

Q@Iﬁ

@ Q ) ,H

— /

NN
H

20

il

/ +/

N N - N N

L o=s = (L0
— -

N N N N

\ \

Non-fluorescence

19

2016 4F Wei ST G A T — P T R Ry e
WA IFI CN™ 3 AL IS 20 (Scheme 4). %A% RS 1T
AKHT ONT B TS H A8 R BB AL I IE . N
SR LR R T AU 25 AL R, T B
FR RS 20 ()50 0 B 0. AL IKES 20 XF CN (RIS
MK 5.65X10°7 moleL !, HAWEAE FX CN™ &1
R LA 5. A, FRATHIVE T B 115 5% 20 (1)
AR, ZARLO K CONT ORI R B R () 2.
HAREENE, 2L ORI N T &M A
CN ARSI, 3X — BT A R B 1 A AL SRR AR AR =
28 A ELA AR R B B R AN (A

2017 4F Wei ZEMWISETH &l 17—l 284 f ik s -y
g8 N B i o e A B 21, iZARRER7E DMSO Wil K
HE O, 2 CNT AR L& 21 1) DMSO
W BRI R e R AW B TR R AR, 1
365 nm PEIEKT R IERIKIEE 3 AR G A, e
BB GHE S 21 ) DMSO %A 724 35U
Ak, HAN, MREKEE 21 X ONT ISt S AR A R Ay
9.96X 1077 moleL ' ttAbh, EEH 21 TSR
ez b, % 7 EAR CNTIRBIB R, R A X
[ 4 NaCN iR SR CN™ 7K I W RG]

SoSERY

2016 4 Wei SR IRA 0 T 2T W AT AN
fEJKES 22 (Scheme 5). ZA% A% 1] LAy R BB H/E 55 7K
R HESEKN CN A1 HSO, . 47EL RS 22 oinA
CN IR, FEIREE 22 FIVESE ST B (AR

Fluorescent

NaCN

\ Ny ONa
Recycle @[ /]@[ + 2HCN
N ONa

20

B 4 2015 CN "TREIHLEE

Scheme 4 Proposed mechanism of 20 for CN™ ions
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R, SRR, WA E AR A K. B
M52, 7E5H CON LRSS 22 W+ in\ HSO, J&,
VR RN 98 G Tl UK. IF H AR B 1 i A A
Re gl RMLK ALk, FAb, 22 % CN™ Al 22+CN ™ Xf
HSO, HIHARK MR 751 8.90X 1078 Al 1.46x1071°
molL ' {HAAERNE, fEEKE 22 HX g akm Bk
PEAE A3 B AE KA o CNT A HSO, HAG Il B A T 7E
(1 .

2016 4F Wei ZEWIF R 7 — AT Zn? Wy R 205
Be &AL % 3s 23-Zn>" (Scheme 6), %A% &K 3% REfE 4
AMRTE G ROEIE W T 7. B TS KA @
B 2oL RS 23-Zn2 1 Zn® T P A VAT EL O AR AR (AL
AR IR ) AT TR 2O BAE 5. [FI, 24k K
A0S T R T R T AR 2 SR e AR A K
FRE IR K R K. BRAk, SIE TR AR S
23-Zn?" [ R LS BRI 2O N kAR, ([EAE R
(52, 23-Zn? " 0] DU SRS B A I & 2F 5 i &L
Y. DR, AR RS LE B KA 5T PR I B 7R 7K ST R
BT B A TELE N R HANMA.

2016 4 Wei ZHO T FFA |l 1 25 T W3 R AT A 1
LA RN UBTE L DS 24, ZAL A 0] DAFE KT
i R A AR B G I ON B T M ON & T

IR BN BIME R3S 24 FOVEWBURIN, YR EI H
A NG I HE O K, FHEHEFRIMAR
S R AR AL, RIS 24 4T CNTHIZOEGIE A AR
KRy 5.0X 1078 moleL L. thAh, VEHHIE TR T1%
JRAS 24 1RAR, 0T LU SR 5 5 R A I 7K I

H CN &1,
N N
O
N N
24

1.2 HESFiR5]

PR 23 1 IR A2 FiE S AR AN E M AR AE 7 KT
s o3 7 18] 5 AR ELAE P AR e 5k 4 4 T 51 RS A
RO> TR TR 8 IRV AR B IR, k2T
R T U — M FOHE R, — R OL R AT AR I 3R
BB %, I BARZ ik 15 32K 0 A AL
Bb, BRI TT R RE S R % 231 AR IS AL 22
) — KA. T BRAT AN BT 2N B L A B
IRCALRE ), B A TERERM n-n HEPUWER, B Sw1E
N RIS A 5 il 2R 1AL, e AR A g R

‘ Anions

successive

\

H
/ HSO, x |
N\ N @ N\ NC > NS N
—~) —= —~= =L 1L}
~ ~
N N\ N N NZ N \
H-0 HO ; 0 g
22 = OFF

ol
/

H—C=N-H

H._

/

] -
H—O—ﬁ—o
l ’ E

B 5 22 3 CN AT HSO, AlREMIHLER
Scheme 5 Proposed mechanism of 22 for CN~ and HSO, ions
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Figure 9 Schematic diagram of the GSH-CdTe QDs-34 sys-
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Figure 11 Network of intermolecular O—H-*-Cl and O—H-**N
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Figure 12 (a) Molecular interaction through O—H-**N hydro-
gen bond, (b) molecular arrangement in a layer structure, (c) in-
clined phenazine molecules to the layer arrangement and (d) the
cross-layer structure
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Figure 13 (a) Molecular structure of a cation dimer 40 in the solid state, (b) molecular structure of a cation dimer of 41 in the solid state
and (c) detailed view on the C—H-**m contact between the phenyl-rings of two dimerized 41
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Figure 16 Interplanar distances and n-n overlapping mode (top:
topview; bottom: side view) of compounds 43 (left) and 44 (right)
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Figure 17 Crystal structure of complex 46, 47 and 48
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Figure 20 Structure diagram of molecular arrangement
2.1.42 FHaAF R A w-n AR FAE R

AR A 7 1 B AL AR A A 2
R . BRATTRE A F Ay PR AN i) 35 [ 22 T e A A
O ERBE, A1 BT A e T A 2 U B A A P R Rk
R, SR INAR, F [T R A 1] £ 2 b O 0 56 B F 7 FH
/N, RZIRER. 2014 - Wang S5OV G BT BRI AL
FLAG W BT 1 FL 5244 50 R 51 X FPAZ AR ] R
KGR IB MR T E L i (PASP) . i HL T 32 A~ (LR i
a9, FHBEBREMLS & K (2.94X10* M
1.30X10* Lemol V). WFFCR DAL 7 H32 1
DA Wy TR T A6 0 0 A ) ST I I frg— oy B S & 0 1)
AR HERRI. Bt TR DL R
SIS ) RS MR W, JE L S W R AT AE ) 2 T
KA THFEFBETFHEEIR. Bk, BB S 2 A
50 A1 51 JERRIEHIRATRER AR OGRS 40 5 h it 5 32 44
Z (B AR AT men HERR P [RIVE F 3L B 4388
(K 21).

PASP

Chin. J. Org. Chem. 2017, 37, 2619~2639



Chinese Journal of Organic Chemistry

REVIEW

B 21 PASP (a, b).PASP-50 (c, d) LA & PASP-51 (e, DL SHTE
pH="7.4 I G2 o rh i) P B I
Figure 21 TEM image of PASP (a, b), PASP-50 (c, d) and the
PASP-51 complex (e, f) prepared in buffer solution (pH 7.4)
[PASP]=[50]=[51]=50 pmol-L !

2.1.43  BKEL Fe n-n SEARYRE) AR A

BA n- SRS AL & Wl o # B A Bk AE
b, 5 n- SRR A vh 5NN e SR K P AT T A -
BEGEM 73 TR PSR, PSRIE > T1EA RIEFI(K)
Hh g 7K S BRARAE — S LAY 57K 21 A, T2 K i
I e P 380 9 5] m R KPR SR PR 20 T AE AN RV R R R
fEVE. AE RAEVEFR PR 2> T 8Os “ B 17 IRE.
Ht, KA SR P 2R 1 n- 3R HESs ) 70 5T LA E 4H
TR S A B GUKE 7> T 45K, 2015 4F Jin S O8I5 1 1
—RINFEME 7 52~56, XU TS T —ANH—
A TR I [a,c]Wa R BT RUR B A E T U NIV 3R 23, I
HAETREENG6, 8 M 12 FIRINA L sE. If
I 2R R AWE(DSC) B F MR B (POM).
N X BHRHURT (SAXS).  RAMNZ g @& T
BB (TEM), B — @i (CD) AR JE 7 ) B e
(AFM)BETT T EAHEAKIEBH REEAT N, 70T 52~54
HANF I A L et ies, 78 B &0 B 45 R
WM. KBS, 73T 52087 6 MEGE)BHE
JRERSDIR, SRT, 43 53, 54 F1 S6(HLA LT 52 BEK
F A e ) AR 4 A ] ) SR SR S e B R, o B
JRTBIAE AR I AR AN A B J SR AL e (B 22 A
23). HBBIE, B PEEIFR DT 55, 56 Rtk L,
CD S50 Rl S it 45 S /st I 26 73 1 | 4 4% iR e

Q R=-{"07,
52:n=6
N\

53:n=8
54:n=12

R= \O/'\/O\e/\oa;

55:n=5
56:n=7
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B 22 4fifi(a) 52. (b) 53+ (c) 54 F(d) 55 (M F ARG K RN
I BR(TE 0.01% 1K)

Figure 22 TEM images of negatively stained nanoaggregates
obtained from pure (a) 52, (b) 53, (c) 54 and (d) 55 (0.01 wt% in
aqueous solution)

B 23 56 K FLBL(IE 0.005% KB
Figure 23 TEM images of 56 (0.005 wt% in aqueous solution)
AREFYE. 31X o 45 5L 3% W0 R i SO R e AT B 1 T (1
24).

2016 4 Wei S R T 1,4 = L8 FERE 5 9512
(EtPSA)IWYBRAT AL 57 (AT Z sl HE 2 #eke. hT7
TWIREN 40 m-n R BEKAVERI A A, C—H---n fEHT
AFAEALIGY Rl B ) 28 NS R N . O HLIE A% R
WFFC R B, FEM AT A W RIRE 55 VA v mh 38 A 55 2 1)
WRFE, T DU 5 J R 8 T 1)y WGRAYT 25 ) il P K e
oy #s), ik 25 ps.

22 SRINEMSEERFSHAEE

PIRRsZe ARSI RS DN S AR e o S R el
14 5540 H.ATE H 52 2 40 SR BT 00 SO K 77 AR AR A AR A
S EARSENRE, FEFFRECH pH H. &
JEE LA AR AE) 1.

2.2.1 AR

2015 4 Robins 5L 1 AR B AEBHIR S
T8 - A HLER R A i BB, R F (1 NO U
FERGHISINBGH A T w85+ LA I
AL PERT. IS AT WG IR IR VLR AL T
MITERE, IFHAS T NO, ZERIHE H Af B i buEe. 45251
W, NO, Az B W & FER 2 AN 71 oA T84S NO»
FH, I B EA S TIARME. 78 AR
)&, 58 H1 59 (154 BRI oo ARGV 771 10 Bl AR 1K
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Self-assembl
l.‘Self-a\ssembwir y Self-assembly
in water in water

B 24 oy FAEKIE AT AR B 4L R SR
Figure 24 Schematic representation of the proposed self-assembly of molecules in aqueous solution
(a) A spherical micelle for 52, (b) a cylindrical micelle for 53 and (c) a helical fiber for 55

R = CH20H3
EtP5A

Bl 25 1.4 ZFEEHE 5 0 RREPSA)FIV AT 57 (AH EAE 201
Figure 25 Molecular diagram of the inclusion formation between the EtP5A and 57
AHHIE. 58 S H —FURr I SOGIE I B RN, 5% A R (1 27). HER 59 TEIX LE I AN 2 R HY
DR XA AL A R, X AEREI TN Lk 58 AHARIPENGT. I FE b R SR A4k r B AL 58 A
KT TR (18] 26). ART, JFBCAMIEER] 59 M5t 59 EARRVEFIPRITER, KL 58 MBS R T
TR RN, 58 HIBEIR 2B I LI O 1R L AREFENESR, T 59 FITESLEAFNER A KA
AN ORI AEE R EIU SR, SENRERNE BAAR(E 28). JATHF M AL, FEBHAHLEER
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Bl 26 kKN 422 nm B 58 (107 molsL ™ D7E & {/i(CHC3).
ZHAHRE(DCM) DU (THF) L K& 2§ (AN) 5 ok i
Figure 26 FL spectra of 58 in CHCl;, DCM, THF, and AN
(10”7 moleL ') at Aex=422 nm

Inset: picture of FL in (a) chloroform, (b) DCM, (c) THF and (d)
AN under illumination (365 nm)
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=
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27 BRI 422 nm B 59 VAT RIPE 6
Figure 27 FL spectra of 59 as a gel at Aex=422 nm

Inset: pictures of 59 gels under illumination (365 nm). (a) AN gel (7
mmol-L '), (b) EA gel (10 mmolsL "), and (c) cyclohexane gel (7
mmolsL ")
222 pH#

2014 4 Han % 77E4 CuCl, F153@E K BE ¥ NaCl 17
FERIZEAE IR T — IS TR AR I (60) 28 KL 45
F R TTE. AR A AR 3 R A N IR Y.
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Bl 28 58 F1 59 MFBUR IO R I
Figure 28 FE-SEM images of xerogels of 58 and 59
Images a~c are for xerogels of 58: from AN gel (2 mmolL ") (a), EA
gel (b), and cyclohexane gel; images d~f are for xerogels of 59: from AN

gel (d), EA gel (e), and cyclohexane gel (f)

NaCl A B TR R 2w (AR A AR A it
Pt NaCl AIRIAE [ S A gk P2 mT AAS B 84K — i
BRIBA G, W29 PR, 245 MR RIS
VU JLROW 5 b SR SRR, 1 SN R B A A
VRS FL A RO S5 ) SRR, 240 I IR AL
B OO S 48 AR, BE AR I, BT R
A PR VB R A T AT Wi 3R AT — i (R T 2 A 22
PE(E 30). BT 9 1 TIR A JEARIK i ik B 2
K HERAIIOG(E 31). TR FAEH TR T AR
SWIR WL AT [ pH 15 Js.

0
N N
~N
CLXX
N NH, |
60

3 LZit5RE

AT G5 T AT Ry WEAT AE WAL 73 5 VR A 73
T HARE NN R, AFESER R )T 4R R AA
AR AIVE BE 5 W BRAT E I AT B DI R R, B
A ZANEALE S BORRIELALRE T AL BT K n-n HERR
AF PRV 0 5 1 W IR AT ZE W i L AE 20 1 U R
AR R IR AT BN . S Xy R AT A
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B 29 FES 1 (0PD/0.017 molsL ™!, NaCl/2.06 molsL ™!, CuCl/
0.083 moleL 1), #§ 2 (0PD/0.017 moleL ™!, NaCl/1.03 mole
L', CuCl>/0.083 mol-L '), #£#: 3 (0PD/0.033 molsL !, NaCl/
2.06 moleL !, CuCl»/0.083 moleL YA & 4 (oPD/0.0017
moleL "1, NaCl/2.06 moleL !, CuCl2/0.083 molsL )/ 33 Hi 4%
iSOy

Figure 29 SEM images of sample 1 (0PD/0.017 molsL !,
NaCl/2.06 moleL !, CuCl»/0.083 molsL "), sample 2 (oPD/0.017
molsL !, NaCl/1.03 mol*L !, CuCl2/0.083 molsL '), sample 3
(0PD/0.033 molsL !, NaCl/2.06 molsL !, CuCl/0.083 molsL 1),

and sample 4 (oPD/0.0017 moleL !, NaCl/2.06 molsL "I,
CuCl2/0.083 mol-L 1), respectively

B30 (a)0.1 moleL ™' ] NaOH & ¥ % (b) 0.18 molsL ™! ]

HoSO4 VAL FEAFE il 4 10 min f5 434 FLAE

Figure 30 SEM images of sample 4 treated with (a) 0.1 mole
L ! NaOH and (b) 0.18 mol-L"! H2SO4 solutions for 10 min
respectively

31 (a)FE: 4 ¥ F2(b) 0.1 moleL ! ¥ NaOH VA AL BRE: i
4 7ET] 6T HIRE F All(c) 0.1 molsL ™! #J NaOH VA ALFAL

4 FEEAMT PRI A

Figure 31 Photographs of sample 4 (a) dispersed in aqueous
solution and (b) after treatment with 0.1 molsL ™! NaOH, and (c)
photograph of sample 4 after treatment with 0.1 molsL" ' NaOH
under UV light

Mo F RS T I RGBT, RT R E A A R 2)
TACEY, BT a R AR 43755 05 TR MR & A
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