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Synthesis of D— 71 —~A- 7T -D Type Dopant-Free Hole Transporting Materials
and Application in Inverted Perovskite Solar Cells
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Abstract Perovskite solar cells (PVSCs) have recently gained much attention for the advantages of low cost and high effi-
ciency. Based on the different device structures, PVSCs can be simply classified into conventional and inverted categories.
Compared with the inverted devices, conventional PVSCs generally exhibited higher PCE. Especially, a milestone PCE value
of 24.3% was obtained in conventional PVSCs. However, the complexity and high-temperature process in device fabrication
further limit their application in flexible and large-scale devices, while the inverted PVSCs can make up the shortcomings of
the conventional PVSCs. Commonly, PVSCs devices contain electrodes, electron/hole transporting layers and the perovskite
layer. Among the function layers, hole transporting layers (HTLs) play a crucial role in improving the photovoltaic perfor-
mance of inverted PVSCs. From the materials point of view, the efficient hole transporting materials (HTMs) are mostly in-
organic compounds and polymers. On the other side, taking advantages of easy modification, low price, easy preparation and
homogeneity in batches, small molecular HTMs afford superior promising in fabricating efficient and stable PVSCs. Howev-
er, up to date, small molecular HTMs are relatively less explored. To enrich the material species of small molecular HTMs
and illustrate their superiorities in constructing stable PVSCs, in this paper, we designed and synthesized three D-n-A-n-D
type small molecular HTMs based on triphenylamine (TPA) unit, namely 1-T, 1-OT and 1-OTCN. The optoelectronic prop-
erties of these molecules were modified by introducing different electron acceptor/donor groups. Afterwards, employing as
dopant-free HTMs in inverted PVSCs, the three small molecules demonstrated distinguished performance. We found that
introduction of electron-donating methoxy into 1-T, 1-OT exhibited increased energy levels and hole mobility. On the other
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hand, the energy levels of 1-OTCN were down-shifted compared to 1-OT, which was attributed from the stronger electron-
withdrawing ability of dicyanovinylene group than carbonyl group. Among the devices with new HTMs, 1-OTCN based
PVSCs achieved the best PCE of 16.8%, with open-circuit voltage (Voc) of 1.09 V, short-circuit current density (Jsc) of 20.13
mA-<cm *and fill factor (FF) of 78%. Compared with other HTMs, the higher Jsc of 1-OTCN based PVSCs was ascribed
from more efficient charge transfer and extraction in the interface of HTL/perovskite. Moreover, in contrast with the hydro-
philicity of PEDOT:PSS, the hydrophobicity of 1-OTCN contributed to the satisfactory stability of PVSCs.

Keywords perovskite solar cells; organic small molecular hole transporting materials; triphenylamine; D-n-A-n-D; dopant-

free; stability

]l

1 5l

B AN O R A FF R R Pl K, AR A
B Je AT RN T B AR BRI H 25 R = . N T SEl A RRs:
RE, BHE TAE & AW R HER b 1) n] 7 AR i 3 g
W, Blan A eE. MW EE. YRS HLIAEE . KPFHAE
SR PHARVE A HLER BIR oA & 0T T A I i AL AR
22—, K PH B 2 AR NATT 240 T T W 1) RE VR e
MURIREEI5 9 [ 2009 SEABARTT AR A f it 1 Vi i
TE LK, 6% (Power Conversion Efficiency,
PCE)SZIL T M 3.8%31] 24.3%1 K ERE 31, iz i 4 5
TH e — AR RE th, A 2 BUACHE 2 K FH g H i,
SEH R AP,

P THES B K FH A8 HL It BT 43 O 1E 1) (n-i-p) Al )
(p-i-n) W3 b 2 A 4 U314 | RT3 T I 170 45 R IR A5 2K AT
K B A FEL 3 LA w6 PCE, AR L 28 45 AR
i, HAFFESRN IS4, FIH MRS T
1E 1) B8 465 P S R K T AR R it g b g I RIS 200,
SR, I IS BT A BH At Bt 28 15 1] 46 4% 1F AR AN,
T2, AT LERAM IE [ Bt 5 F 78 3 SR e B L K KTl
Pl 2 i Je PR A

SRS ERE AP B B ith 12 B Al . & R THf%
0 J2 DA S AR JE AR A, e s O i 2 S g e AR
REA MRS m, & nl DOAABER I s 5, $2 P AR R
a3 %t 22 R SCER R, kb H ef 7E SR THI I 2 A . PE-
DOT:PSS & —Fh& S i) 2= A iA k), IR B A i 5
¥y AR e 1 R T WoRiE S 3, R T ALK
I AR L WL B RE FL DL R S AL A BT A B AE R
217230 SR, PEDOT:PSS J2IR 45 M 1 = 4E AN 511 5
Ry R e T e S5 B e e = R E <
e 42421 Hk, PEDOT:PSS 1 f% i o 48 43 7 %L ik
(—5.1~—4.9 eV)ilH & T H5 80 i HL B H A7 (3 H
CH;NH;PbI;(MAPbL) L ES LA N — 5.4 eV). BERZEIT
K424 MAPbI/PEDOT:PSS FiH /=4 5 K fg &4 ok,
AT e ARG 2% 1 TF 2% ffL IR K Rt B8 4R i 291 9F HL
PEDOT:PSS 155 /KM LA K2 55 B 14 2= 52 M 5 KT K BH g
HL b ) AR s T2,

Kk, FE @A NG P2 e R A &

B B, APV TR AR R A R

742 http://sioc-journal.cn

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

K, PRI ESERTT 2 S AKIR R I, SR A
SEPEROL Bk, NN AR TR, ks
e, SRR Z R, BN AR, J7 X R H
PERTBEAT IR, DLE Mt 585 ERE Re gt SEVLEC A 25 O
FAGRRL, T BT 384 HU. Xu 250 HRGE T A A
BT =R ORI Z N o LBESS Ky /N o) AR A
£l 4,4'-bis(4-(di-p-toyl)aminostyryl)biphenyl (TPASBP)LA
J 1,4'-bis(4-(di-p-toyl)aminostyryl)benzene (TPASB), 3
T S A A5 R K FHBE I PCE 437309 17.4%F1
17.6%. Wang ZEU2MRIE 7 5 —Fb o SL40/0N 9 TR
4,4'-cyclohexylidenebis[ N,N-bis(4-methylphenyl) benzene-
amine] (TAPC), H /& [£5EKH K FH A8 HL it AT 3845 A
18.8%f] PCE. TAPC i /K PEA ot eess 1 L2 F5 80"
G S TR AN S N N A I ) PPN
Wb, IWHIHETH TSR R PH AE b RR e . Chen 0
Wit — It T = Re A Ok, 45 b se e LRI
PSP B /N9 7 Trux-OMeTAD, X Fh 431 B A 45 KX
TR R DL SR IG R E A i iR T Ae. HLas Aot
WL 18.6%, HJLT-ICIRHRLN. Li 255945 B #
FHUAEE %, 000l DA = 2R A — 2R o LA 1 X B/
o133 AL HIFTRL Si-OMeTPA Al SITP-OMeTPA, 544
FAF TR I ZE TSRS 19.0%0 PCE. Bk S, H
BIAE S AU, % T B HU/N 128 AR AR
SEREPO RSN

SRR (TPA) I 7 A% i Rk o T G 45 14 B
ERARERNS B, KA A, W
Wl 7R, AR —. Jellr SRR e ) >,
AR 5] N2 e AT % HOMO REZRSEELE T, &
ASCERRGE A D-A B0 A5 2 SR R A R ] R
PR B BR AT S B B L b P REC S AR SO = 2R
BT, W G A 45 32 AR 7 1 9 A e
871, WitA R T =F D-n-A-n-D B LI T 25 704E
AR 23 DL =R e P AR R U =R i v g ik, &
IR = M, BREEEONEIE ORI AR, = MEuE
P 1-T. 1-OT LK 1-OTCN 50 Tk i 1 FiR.
TEARB RGO, LLX =R Ry U = hil 2 1
I EGERE KRR AE LI, #8045 R, 5T 1-OTCN #
K2 ¢F PCE f, 1A% 16.8%, JFHIL A KA e
MR T4t LAk PEDOT:PSS.

Acta Chim. Sinica 2019, 77, 741—750



1 F F ®R

2 #ER5T
2.1 BHUNGFEINERFARBE R

HHIVN 27U M A 1-T. 1-0T X 1-OTCN
A RS 2 i =X 1 o, R L= R 26 L =K S 1
(. Supporting Information). ¥ — 2 FH i 55 (H 4 2% =K
JEHHERBEE4T Suzuki B BIRG =9 1-T #1 1-OT,
1-0T 5H &K BRSHE 1-OTCN, H b=
WG . FRRE DL G & T BRI
22 HBEM

3 A A EE ) BT A B R 2 s 1 B A 0 ke = A
MR A3 RS (T, € SXCHREE 5 Wil FRIR ) K 3%
AR (T AT IR, S5 R an & 1 Fows, xR EARSUE
FIFR 1. WK la W5 =M RS B BT e e

(0]
:
Br Br a/

0]

R

.

Q,C

(@]
L O She OO
NMN+ N N

L O
N

D

o)
- 1-OTCN

PE, 1-T RIS B N 457 C, WAL 5] N 151k
AW 1-OT R FE (431 C)mSHH F B4, 1-OTCN Bi35{k
025 C)mT 1-T (105 C)M& 1-OT (104 C), #ihH
BUREE GI NG R TAR AR B AR B, 345 30
AT, G AR ) £ R e A A AR, R T g
FRE RIS T, [RINE, A0 IR 1 B ARG di e 22,
ST RIES, AR TS —EE, #7155 BEEL
2 R ER.
2.3 RFMEEE

K F 284011 W (UV-Vis) BSOG R ACRT 5t 6 143
X =R RS DA K R S 1S R AT I [ A S OIR
A SR A=A DLIRSORI 2 5 R S e B 2a s, 6
NI SOR R SFIE 51 T3 1 . =AU BRI
A FERBOEIET, P AT R EEEX (300 nm P

Pd(PPh3),, K,CO3

N
o /©/ \©\ Toluene/EtOH/H,0 = 3:2:1, 110 °C, 20 h
\/B R
o}

o,

DCM, TiClg, 30 min, 0 °C
pyridine, 30 min, 60 °C, 12 h

SN

L O
N

)

o<

B 1 AYNG T2 SRR 1-T, 1-OT 1 1-OTCN [153 F458 & ik 2%

Scheme 1 Chemical structures and synthesis of 1-T, 1-OT and 1-OTCN
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Figure 2 (a) UV-Vis absorption and (b) photoluminescence spectra of organic small molecular hole transporting materials
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Table 1 Thermal stability, optical and electrochemical properties of organic small molecular hole transporting materials

HTMs T/C TJC Aabs"/MM Aem’/nm Jabss/nm Jeml/MM Aonsed/NM ESleV Enomo/eV  Erumo’/eV
1-T 105 457 291,377 459 294,382 500 433 2.86 —5.21 —2.35
1-0T 104 431 293,393 507 294, 401 568 464 2.67 —491 —2.24
1-OTCN 125 439 330, 464 672 337,483 761 561 2.21 —4.96 —2.75

“ Absorption and emission peak in toluene solution; * Absorption and emission peak in thin film; “Eg was calculated from the absorption edge in thin film, E,=

1240/Aonset; YHOMO was measured by cyclic voltammograms; * LUMO was calculated from Eyymo= —(—Enomo—Ey).
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Table 2 Photovoltaic parameters of perovskite solar cells based on different HTLs
HTMs Voc/V Jso/(mAscm %) Jsc, e/ (MAscm 2 FF/% (PCE nax/PCE )/ %
PEDOT:PSS 0.83+0.00 (0.83) 20.58+1.19 (20.74) 19.85 7342 (75) 13.0/12.6
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(a) Steady state photoluminescence (PL) spectrum and (b) time-resolved PL decay of devices based on the glass/perovskite and
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FA R 71258 (Atomic Force Microscopy, AFM) LA & 7
J# F 8% (Scanning Electron Microscopy, SEM)XF 454N &
TR BE . 4 S 1l DU AT 3RAE, S5 w7 P, M
AFM B0 A1, BT 7E = Fl/N 725 Uk 2 B 3T
FEROGH (R, HLREFZ(1-T, 1-0T 5 1-OTCN 7354
13.79, 9.42 1 10.75 nm) 5% F PEDOT:PSS (9.56 nm)[¥J
FLERA BEAHIT. JelE MR AR T 5 2 S R
RAF#efm, (T fmmiLd. M SEM il LLGE H, #5540 K
R AeEEEAN N T ERZ. A, BT
PEDOT:PSS 45 EkH A 42 2 fLIR, PR T/ N+
2 AR R ORE B B R S B A o A, Ho
1-OTCN FRIESERN did RT Bcoh38 5], Ao T RAH
e 4. IR 1-OTCN 1 2 /UL 2 s - Bl
Bt Jsc PAK FF.
210 HBHEREM

¥ 3T PEDOT:PSS DL K 1-OTCN A& B 245 550
KPHAE B BCE T2 S (R 2015 °C, AHXHE
BE: 30% £ 5%), b FR A R TE S A AR e P
ME 8 FTLLEH, 4 d J5, % PEDOT:PSS 125/ PCE
RAWIIEIER 50%, 1 1-OTCN AR 8844308 10 d
JEAREIR BTSRRI 75%, AR KA E. BT
1-OTCN HEHOZ82F & TS B0 i i 263 2 0P Ak
). (R, 25 A S R B 7K M B T A5 kAT K PH B
P 1 A M B DB E

A
RMS=13.79
1-T/MAPbl,

RMS=9.56 — ~Tom
PEDOT:PSS/MAPbI,

3 4ip

KL E R T = D-n-A-n-D 25 A BN T
2N AL B 1-T 1-OT #1 1-OTCN, #5705 AR [FIZS
2RI T A AR S R S T RE . A EE 1-T,
DA HL T A AR B o — R IX Y 1-0T, HOMO feZl 7+,
FRGEMRE . £ 1-0T Mg, #—F5I A
A B T RE I HOOURIE, FRE T LUMO REZR, H5e
T 1WA D-A MEAEH, 1930 7 &R0 g ik
1-OTCN. ¥ =F/N oy T2 AR M RIEAE B A LT
BT R AR KBHAE i, T 1-OTCN F H b 2%
PR feE, PCE i N 16.8%, Voc 9 1.09 V, Jsc A
20.13 mAscm 2, FF N 78%. [A]— &% 14l % 244 T LA
PEDOT:PSS 475 /A& 4 J2 i FL it 28 4F PCE fUA 13.0%.
it PL PAK TRPL SEEG45 0, KIL 1-OTCN 5454k
ZARVRAE T S N R e RO RN, HA B A A
Wb, B2 1-T f1-0T, JiRT 1-OTCN KI5 4R i
R RS K/NEE 35 5), SRBEAR ST e /b, DRI F 2R 1 1)
Jsc ULK FF i, 7ok, BN 728 AR Rl s
) B 7K A 15 H v 28 1R 1 K SRR e T K T A
PEDOT:PSS AT XA E &M, A T/AEMLET
D-n-A-n-D BUGHUINFF 23 AR A BHE RS 2% =8
FaE B IS AR S BE B Lt AR R I 9B . B, B
T FEER TR B T VT I ML 123 AR
PR, B BT BRARRAR, 33— DS B K BH A FLt
HH Sz kAL,

4 SKEERSY

4.1 RFNS5UEE

25 S R ok BT TR, W ) B ) A
. K EZE BT, DL 2 PR VEFE 77 2508
53,

RMS=9.42

1-0T/MAPbI, 1-OTCN/MAPbI,

B 7 ITO/PEDOT:PSS/MAPbL;, ITO/1-T/MAPbI;, ITO/1-OT/MAPbI; #1 ITO/1-OTCN/MAPDL; K[l AFM = 5 El(a~d) LA & SEM El(e~h)
Figure 7 Top view AFM height images (a~d) and SEM images (e~h) of ITO/PEDOT:PSS/MAPbI;, ITO/1-T/MAPbL;, ITO/1-OT/MAPbI; and

ITO/1-OTCN/MAPbI;

Acta Chim. Sinica 2019, 77, 741—750

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 747



& F F Wk
197 %/_\
>8 0.8+
0.6
0.4 T T T T T
1.01 :>a~=‘<.*-\ﬁ___‘_\‘__.__‘
g 0.81
> 061
0.4 T T T T T
1.01
[TH 0.81
[
0.6
0.4 T T T T T
1.01
8 0.81
O 06 ——1-0OTCN
—=— PEDOT:PSS
0-4 T T T T T
2 4 6 8 10
Time/d

B8 2T PEDOT:PSS LA 1-OTCN [FI4BEKH A B i HL b 48 R
P

Figure 8 The stability of perovskite solar cells based on PEDOT:PSS
and 1-OTCN

'H NMR %] Bruker DRX-400 ZY A% #g AR REAAE
500 MHz Wl 58543 7£ 300 MHz), CDCl; N7, TMS N
A #r. MALDI-TOF MS {1 Bruker Daltonics Inc. BIFLEX
I J5E. JCESHTH Varia I B o KM ACNE. J~V
HH 26K H Keithley 2400 Source Measure Unit JIli, Y6iE
9 K BH Y6 R 40, 2% (Enlitech  SS-F5-3A). EQE iR 5%
QE-R3-011 A BH At HL yth e 1% 1 37 ) & & S8 (Enli Tech-
nology, Taiwan).
42 ARk

AW A Sef Cul (0.19 g, 1 mmoleL )5
1,10-3EZ'15£(0.27 g, 1.5 mmoleL™ "L 10 mL Jo/K FH4
BZE 50 mL AP R A B3R SO 0.5 b, 2 JE AR
MiZK(3.39 g, 12 mmoleL "), HI4IE —IKf%(2.29 g, 10
mmolsL™ ") LA K KOH(4.49 g, 80 mmol-L™HYZE kb, 4k
SEIMNTCAKHZR 15 mL, s =k, fERSAEET L
115 CHifASEHE 24 h. RBEE R G A EI R HIR, HHEAM

LKW YA, A AU BE(20 mL X 3)AEHL =
Y. KA V(IDCM) @ V(PE)=1 : 2 Wl 7T RERR
ik aifh, BB A EERRZE T PR

WEY 2 BIERG G RN 5 IR = 2K i i e e,
ZJERM V(IDCM) @ V(PE)=1 : 1 {F BBt AT e
titkalifk, H)aiEid DCM M ZEEk4T B 45 A2 A
&4, '"H NMR (CDCls, 300 MHz) d: 8.07 (d, J=8.1 Hz,
2H), 7.45 (d, J=9.0 Hz, 2H), 7.35 (d, J=8.1 Hz, 2H),
6.92~6.97 (m, 4H), 6.25 (d, J=7.2 Hz, 2H), 1.69 (s, 6H),
1.40 (s, 12H).

& 3 HIE R FREUL &9 =2K1#(10.00 g, 40.76
mmolsL "), EHL 80 mL &1 N2 i 1% i IR e e i
flf = K R, BT UKIgE s, B S i NBS
(7.26 g, 40.76 mmoleL ") S Nt B, w45 F /K
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K RN, & B g (Dichloromethane, DCM)(25
mL X ) FH. =W T AN, A LA K H TG K
MgSO, T, Z JaHyE, 7EHRE %4 T ez B AL
. R CREE S, MIES B EEARG=E 90%), H
P — P .

EY 4 MER: B EY1 (5.0 g, 15.42 mmole
LY, BERNERTMFELAE (4.7 g, 18.50 mmolsL "), PdCl,-
(dppf), (0.112 g, 0.154 mmol-L™")FIZ. R (AcOK) (4.5
g, 46.26 mmolsL I 100 mL P I [+, it
A= FERAGET, HIEK 260 mL)In A ] Eik
BEYIH, 120 CH#IFERFE 24 h. RBIGHREIMAK
VRN, R &R 5820 mLX3)AEE. AHZEH
KB, & MgSO, TR, BRiEHl)E, EdeH
V(DCM) : M(PE)=1 : 2 Wi AIBATRER thilkaifth, &
JeilE DCM Al Z B ik 47 #4515 3 A 4 8 4. 'TH NMR
(CDClLs, 500 MHz) 8: 7.66 (d, J=8.5 Hz, 2H), 7.24 (t, J=
8.0 Hz, 4H), 7.10 (d, J=8.5 Hz, 4H), 7.03 (t, J=8.5 Hz,
4H), 1.33 (s, 12H).

1-T &R # 4,4- "R _KHEHA g, 2.94 mmol.
LY, =FIEmMise(3.28 g, 8.82 mmoleL ™ ") FIfR RN
(3.25 g, 23.52 mmolsL ")IIZE 50 mL P K REREM A,
BEEH TR, OB R LB FKIZ 12 0 8 1 4 mL &K
A, #S =, RGBT PA(PPhs), (10.74
mg, 9.30 pmolL ™). EESHE T, 110 Chn#kE I
PEFERON 20 h, WEIE SR, NS5 H G A& Eok
ek, PSP EE(20 mL X 3)ASH. ok He e 28 Br £
I, MR V(DCM) @ V(PE)=2 : 1 HIBRM 3T
TER i alifl, fe)aidid DCM 2 BE kAT B 45 15 )
FOEA 1-T (1.18 g, 773 60%). 'H NMR (CDCls, 500
MHz) §: 7.90 (d, J=8.0 Hz, 4H), 7.69 (d, J=8.5 Hz, 4H),
7.54 (d, J=8.5 Hz, 4H), 7.29 (t, J=8.0 Hz, 8H), 7.16 (d, J
=8.5 Hz, 12H), 7.07 (t, J=7.5 Hz, 4H); “C NMR
(CDCLs, 75 MHz) §: 148.1, 147.4, 144.5, 135.9, 133.3,
130.7, 129.3, 127.9, 126.2, 124.7, 123.3, 77.4, 77.0, 76.5.
MS (MALDI-TOF) caled for Cy4H3N,O [M]" 668.28;
found 668.69. Anal. calcd for C4H3¢N,O: C 87.99, H 5.43,
N 4.19, 0 2.39; found C 87.97, H 5.45, N 4.19, O 2.39.

1-0T W& 1-0T RN B, =% H
V(DCM) : M(PE)=2 : 1 BB MLFRIEAT i o A 2 Ay
alifk, BJEilid DCM Al 2R HEAT 45 515 B TR 3 f []
KA 1-0T (1.74 g, 7% 75%). '"H NMR (CDCls, 500
MHz) §: 7.86 (d, J=8.0 Hz, 4H), 7.65 (d, J=8.0 Hz, 4H),
747 (d, J=8.5 Hz, 4H), 7.09 (d, J=8.5 Hz, 8H), 6.98
(d, J=9.0 Hz, 4H), 6.85 (d, J=9.0 Hz, 8H), 3.80 (s, 12H);
C NMR (CDCls, 75 MHz) d: 156.2, 149.0, 144.7, 140.5,
135.6, 131.2, 130.7, 127.7, 126.9, 125.9, 120.2, 114.8,
774, 77.0, 76.5, 55.5. MS (MALDI-TOF) calcd for
Cs3HuN,O5 [M]7788.33; found 788.70. Anal. caled for
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Cs3sHuN,Os: C 80.69, H 5.62, N 3.55, O 10.14; found C
80.68, H 5.63, N 3.55, 0 10.14.

1-OTCN (& ™ ¥ 1-0T (500 mg, 0.63 mmole
L"), 7 %(50 mg, 0.9 mmoleL )N A 25 mL P 1[5 i
B, BEER 20 mL &SRB, s =
R, FEEASE, 0 CEKB) &M FIA TiCly (357 mg,
1.89 mmolsL "), Z JGffFFKIIR. 0.5 h. SRJE A
E(151 mg, 1.89 mmoleL ™ )4k4E N 0.5 h. xR
T2 60 CHIFAEIG IR 12 h. RS4E59 5
A SRR BRI AN, H5 KH A (20 mLX3)AE
W s i 28 B 2970, FH= YR V(DCM) @ V(PE)=
2 01 FIPEB AT RER ik 4k, )5 DCM 2
R b 4T B 45 1S 2RS40 A [E 4R 1-OTCN (397 mg, F2%
75%). 'H NMR (CDCls, 500 MHz) d: 7.65 (d, J=8.5 Hz,
4H), 7.51 (d, J=8.5 Hz, 4H), 7.46 (d, J=9.0 Hz, 4H), 7.11
(d, J=8.5 Hz, 8H), 6.98 (d, J=8.5 Hz, 4H), 6.86 (d, J=
9.0 Hz, 8H), 3.81 (s, 12H); *C NMR (CDCls, 75 MHz) ¢:
156.3, 149.3, 145.2, 140.3, 133.8, 131.4, 130.3, 127.6,
127.0, 126.2, 119.9, 114.7, 77.4, 77.0, 76.5, 55.5. MS
(MALDI-TOF) caled for CsqHuN4O4 [M]'836.34; Found
836.70. Anal. calcd for CsgHuuN4Oy4: C 80.36, H 5.30, N
6.69, O 7.65; found C 80.34, H 5.30, N 6.71, O 7.65.
4.3 $54KEAPRRER HAHI &)

ITO {EVEALHE: K 1TO/BE IS F 115 % Fl & e il
7 0.5 h JEPEsE, 4 2 B K TR DL K S P9 Bt 75
10 min, Z 5 A FIRF, LA SLE A 10 min.

TIAERZ S KM RHE T &R, A
IEJEJE LA 4000 remin ' [RIFEEHE 60 s, 2 fES S AL
100 “CiE ‘XK 10 min.

PERT Z % MAL fil 4% EESAET, K24
mL F&(0=33%, T L8F). 10 mL SR (0 =57%,
BT 7K)TRET 100 mL ZEEH, vKIBHFERN. 2 h. £ iE
AIERBACKK, FEWiEE g T OB BT
s, EEVE 3R, REMEEREN 60 CHES T T
PRt 0. F5ERT AT IR VA W(1.45 molsL™)2¥ MAI 5
PbCL LL 1 0 1 (R EL I AR N 4 0 1 K
N,N-dimethylformamide (DMF) 1 dimethyl sulfoxide
(DMSO) IR G R 43, 2 )5 R ORI i 1) 4 5
%, TA7UEHZ L4800 remin ' FIEEH iR 20 s, 7E
BRI TFIA IG5 8 s TE 200 pL 50K, HEig g d bt /r
BT 60 CHRm#AHR LB 1 min, BEET 80 CIH
IIFATAR 1B K 2 min, 1928 MAPbL HfE. AH %
FEIAAT T .

HL AL 2 S AR 45 5 PCo i BM 7R (10 mge
mL VAT BL 2000 remin ' RS IR 60 s, RS
PG HS KT 107 Pa, 455 25%9% 20 nm [ Cgp, 8 nm
) BCP, 100 nm ] Ag. I8 fMEASARCRE FEyth 25 2 A 4 il
A 9 mm?’.
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