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Synthesis and Photophysical and Electrochemical Properties of
10-Methyl-10H-phenothiazine-5,5-dioxide Derivatives

Zheng, Yueyou Xie, Qionglin Wang, Bingxi*
(College of Materials Science and Engineering, Fuzhou University, Fuzhou 350116)

Abstract Based on 10-methyl-10H-phenothiazine-5,5-dioxide unit as an acceptor and 9,10-dihydro-9,9-dimethyl-acridine
(DMAC) or phenoxazine (PXZ) as donors, four intramolecular charge transfer (ICT) compounds were designed and synthe-
sized by Buchwald-Hartwig cross coupling reactions. Their ground-state geometries were optimized with density functional
theory (DFT) at B3LYP level and vertical transition energies were calculated using the optimal Hartree-Fock (HF) exchange
method. Resulting compounds were characterized by fourier transform infrared (FT-IR) spectroscopy, nuclear magnetic reso-
nance (NMR) spectroscopy, liquid chromatography-mass (LC-MS) spectrometry and hybrid quadrupole time-of-flight mass
spectrometry (QTOF). Their photophysical properties were systematically investigated. The results show that compound 2a
has maximum emission wavelength (4,,.) of 422 nm in toluene and its oxygen-free one has photoluminescence quantum yield
(PLQY) of 0.367. The Ay and PLQY for 1a and 1b are 455 nm, 0.083 and 511 nm, 0.098, respectively. Transient photolumi-
nescence decay curves for 5 wt% 1a and 1b doped in PMMA films indicate that their delayed fluorescence lifetimes are 5.78
and 20.00 ps, respectively. According to the time-resolved fluorescence and phosphorescence spectra of 1a and 1b doped in
PMMA films at 77 K, their energy gaps (AEst) between the lowest singlet state (S;) and the lowest triplet excited state (T;) are
determined to be 0.203 and 0.177 eV, respectively, which are consistent with the theoretical values 0.232 and 0.295 eV calcu-
lated with time-dependent density functional theory (TD-DFT). As a result, 1a and 1b are expected to be potential thermally
activated delayed fluorescence (TADF) materials. The electrochemical properties of the four compounds in dichloromethane
solution were determined through cyclic voltammetry using TBAPFg as supporting electrolyte and ferrocene as internal stand-
ard. The HOMO energy levels of 1a, 1b, 2a and 2b are estimated to be —5.369, —5.111, —5.412 and —5.075 eV, respec-
tively. The thermal properties of the four compounds were investigated by thermal gravimetric analysis under nitrogen atmos-
phere at a heating rate of 10 “‘Cemin™' and all compounds show good thermal stability with decomposition temperatures above
420 C.

Keywords blue light; thermally activated delayed fluorescence (TADF); phenothiazine; energy gap between the lowest sin-
glet state and the lowest triplet state; photophysical properties; time-dependent density functional theory (TD-DFT)
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MY, EhROL. BE. EER. Sk, aTHER
PERF SRR 2, FRRE T 3 — B PAR B R EAR, 75
SR R B AT A E AR, OLED Kot
PRI AT 20 o B 6 RN GBS SE R %% Y6(TADF) 4 K
6 1 TADF #EMESRE 78 0 R = BB, Arifil &% 1)
APE T T 2 CERAF IR 25% BRI PR. B ht
L5 EAE A 4B U0 Tr(TID) Pt(IT)~ Ru(I)Z>3) &A1)
TEHISE R & M/ . g & 5 55 S R O ™ E BHAS OLED
M= AGERE. TADF MR DR FH4EG ML T A T
BEEEICR, CRNE 3 R RREZ—. HE,
G HL TR S Ae L T, BEH =41 0.5~1.0 eV, R
HiESE ST, AEs R EBIR(— BN 0.3
eV LRI, 7 ReA Rk (2 i — BT I S ) & R A
BR(RISC), K HIEIRDEE. HET, /ECHRIEN TADF XL
Bk, SRR R BT AT A IR T 3R 453 86 0% TADF #4
B & 22 F bk, 2012 FEFR L EEHGE T LR . W
(495 THEROFEA 3,6- T SEMRMEIE A1 5 ok 3t
BRE SR I = Fh o SRl EATE oA B 2RI )
HFUR IG(PLYE T RCE(PLQY) K N 0.57.0.65 F1 0.69,
Jmax TN 402,419 F11404 nm,  ZEIR 52 675 6 (1g) N 90~
270 ps, AEsy [FISE3RAE 53514 0.54 0.45 A1 0.32 eV. 2013
£E, Wu PV A FEACEE 3,6- 4 T 6 mEme Bkl T 3%
B H AL TADF A XU[4-(3,6- — F AR L M ) 28 5]
(DMOC-DPS), 1l AEsr HH 0.32 B2 0.21 eV, Aoy 455
% 445 nm, 74 B 270 ps /N2 90 us, PLQY &4 0.56.
2014 4F, SRILPEEOHRIE T =R T X5 TADF
%} PPZ-DPS. PXZ-DPS fl DMAC-DPS, ‘EfIfE LR
H 2RISR ) PLQY 1 Aax 2370124 0.03 #1577 nm, 0.81
1507 nm, 0.80 F1 460 nm, H ¥ PXZ-PDS I
DMAC-DPS ] AEg; 7514 0.08 1 0.09 eV, & 74
A¥RH 2.5 us F 7.1 ps. 2014 4F, EORETMBAGE T — &
FILL 3,6- 5T 56 M i SRy 45 AR R 3R R RO A2 AR
TADF #El, EA7E oA 2R 1 PLQY 4 0.507~
0.777, KRIGCIEK N 404~422 nm, 7,4 234~285 ps, AEsr
fITHEAE A 0.22~0.39 eV. 2014 4F, TR T 1%
Re LR 5 T 9-WE W 2 32 7K IR ZE TADF #4 K}
TXO-TPA # TXO-PhCz, Wi# 11 PLQY 7354 0.830 1
0.902, AEsr 73714 0.052 1 0.073 eV, £& FEER T
Jemax TN 586 F1 522 nm. £ PR, CAREMRSE
TADF #PRIR) 5244 3 9 Z 2R FEBRURT O- RN il iy 255, ik
T 10-F 3E- 10H-Wy BEE-5,5- — SE AL MRS 2 e p kb
i DL RE. T, FORIRSEAT A e AR e YR T
AEFRAR IS5
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Scheme 1. I F % iz pR 3 (DFT) A5 ) 5% 5 72 R BE
W(TD-DF D) E T E T e RS SHR S BT
ARASFN LT 540, BT RE 20 At R AE L 45 44,
K A= IR IS e (U V-vis)s 2T TER %
ML AR E M SR T eI B . o,
&Y 2a BABIFRIABURICRCE. IRIEBES R
WL IR 2> S I G e ik B, mT AHEN
1a F1 1b NETER) TADF #4k}.

1 HR5R

SR %5 B2 B FR (DFT)AE. B3LYP/6-31G* 7K ~F- %}
VU b & B AS 1 L s A AT A, THE RIS DU AL
A4 HOMO 1 LUMO HIH ¥z (ALK 1)\ HOMO
MITLUMO REZ LA L P Z A RERR(E,), WK 1. HEl 1
AT, FEDUR b S P3RS S5 0 45 PR FIAE A0 2R B ) 2 31
HOK I T £ 79.8°~89.6°, AIKT DMAC #1 PXZ K
23 [ A Y, HOMO HIHF = R B ALK L, T
LUMO W FE 54T 524k &, HF HOMO 5 LUMO [i]
HIZZBHUN, ARIT RN AEsr. B3R 1 WA, (LA
) 1a 1 2a BA K S HOMO fE4%, 7359 —5.000 1
—4.893 eV, H'EANTH E, 73k 3.511 M13.423 eV. %
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It 1a F1 2a AT RE A .

NT X VYR ICT (A AEsr, FATRA T 3%
W50 T8 () B A Hartree-Fock (HF)AZ 45 1%, 763k
B FERE F, {5 TD-DFT % PRk & Yt AT 3 B
BoRATE, RS TR REESNE BB K
[Eya(S1)]~ IAREUR = B E UK BE[Eva(T )] AT
faf % #% B [CT amount (q)]5 R (LA BhM BLZE S1). F
VIR &Y S, MRk RER 5 RS RIKIR3IHE
B2 A I RE ZE [ Eoo(S))]~ SR =EECCTH)
BARIR BN AE 5 B 35 AR IR 30 g 2 [A] (1) e 2 %=
[Eoo(CCT)], AR AR &1 = B A CLE) M S R IR 5h Ak 2%
55 3 25 B AR 3h B 2 2 1) 1) RE 2% % [EooCLE)]. HLER
EooCCTYM Eg CLE)RIK /D, MR e B iR R F 2, B
INEVE R CTHEDIN T, SKIRshRES 5%
SRACIRIBER 2 B 1 ZAE[Eoo(T))]. WAL EDIT
AEst HAR(1)RA, AEsy HIRTHEE WK 1. R ATH,
1a Al 1b [¥) AEsr 27 4 0.232 £110.295 eV, £ EATAT
fit & TADF #1kL.
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Scheme 1 Synthetic routes of compounds 1a, 1b, 2a and 2b

LUMO HOMO F1 AWK HOMO . LUMO el E, fl AEsr{H
: Table 1 HOMO and LUMO energy levels, E, and AEgr of the
four compounds

Compd. la 1b 2a 2b
HOMO/eV —5369 —5.111 —5412  —5.075
HOMO/eV* —5.000 —4.778 —4.893 —4.661
E eV 3.873 3.440 3.302 3.231
E eV’ 3.511 3.167 3.423 3.101
LUMO/eV —1496 —1.671 —2.11 —1.844
LUMO/eV* —1.489 —1.611 —1470  —1.560
AEgt/eV 0.203 0.177 0.499 0.504
AEg1/eV*? 0.232 0.295 0.438 0.317

 PURRL S RE A BIE TR, Ak RS o SE R 1.
1.1 EIM-AT IR

F 2 A VURH LA PIAE B B2 A -] DL
itk 3 PURP Ak A I KO T TR 2 s, Hoep
Bl 1 B3LYP/6-31G*iHE M IURL A4 HOMO Al LUMO 250~310 nm HIRIIE)T g T L&Y 4R (DMAC B,

G ] PXZ) 55 S A 0] () m-n* BRI AR, 1 310~425 nm IR

Figure 1 HOMO and LUMO of the four compounds calculated WEDI S A F N BT R A 0. BV B E, ]

A BILYPIG-31GT fevel WS G G 9 B8 Chamed) PO A4 )5 2
7.
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Figure 2 Normalized UV-vis absorption spectra of the four
compounds in toluene
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Figure 3 Normalized photoluminescence spectra of the four
compounds in toluene
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K R K BRI DY Ak & 0 7E F RS (R
S0 [ 5t B AR (@) PG AL (B ) ¥ B <0 10
min DL B BRE ) KM T IO E TR (D). Wk
2 P, AR, XUMAEYR) & fHA 0.014~
0.267. BREJG, EATM ST R AA A [FIFE B3,
1a. 1b. 2a Fl 2b = FRCEMKXIGME] 0.083. 0.098.
0.367 A1 0.105, ] feJ5 A& Br A0 T8 =HEE
PP MEeRAE R, H3GeR T8 T 2 S, SR &R
[HEER. Tt f LR TAK M, 1hEY 2a f12b 1)
B RCRE I = T XN 1a AT 1b, 1A 2a A1 2b 4
T 45 1) H 52 A B G SR AR BE 1 38 0 48 15 R IR T
FE(HBGR, AR T S 2. N T i — R X
VUi &4 /2 75 5 TADF #4kL, KA 340 nm LED #Uk
FEIR MRS BUR M 26, FA15 2 H R E i
B FF (). BN ¢ S AAE 2.68~16.34 ns Z [,
YNFD 20 75 i & T B ¢ (L ] 4a F 4c, 2a F1 2b D4
BIRAREEE S3). 1) RV R SBR 10 min &, PUFH
WA KT A FIFEE K (LR 2). Jodt 1b
Mk A T D SR el 28 s Y PR R A0 R 308, 0 il 46.77
ns A1 1.02 ps, )@ TBES 52 EFIAEIR 2%, 2EIRFE 71
73 1 (rg) EL RIS 35053 (1) 75407 (7,) KL DN EE (LA 4c).
76 300 KBS, d3E—SMEK T Rk & 4055 31 LA
JREH 5% PMMA MR iz, Hh 1a
A1 1b 1t 239919 5.78 s £ 20.00 ps(&l 4b i1 4d), %E
RPN FH s, (E TADF #afhrh, MRHOEIR 5 dr
K, ER M ERN S RAEZES-ZHEHSEK, T
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Figure 4 Transient photoluminescence decay curves of 1a and 1b in oxygen free toluene at 300 K (a) and (c), and PMMA films doped

with 5 wt% 1a and 1b at 300 K (b) and (d)

£2 UL ASWHIEY LR
Table 2 Photophysical properties of the four compounds

1a 1b 2a 2b
Amax/TIM 455 511 422 459
Amax /MM 418 462 417 459
Dy 0.053 0.014 0.267 0.091
Dy 0.083 0.098 0.367 0.105
AD 0.030 0.084 0.100 0.014
7/ns 12.73 16.34 4.06 2.68
7,/18 23.12 46.77 597 321
Tg/us 1.02
Thlm/ S 5.78 20.00

YYD o HTFR I TS G ST AR R A S S-1); ARARERL
1y ST

N T AR RL SV AEsH 8, 16 77 K B/
1, KH 340 nm LED BURJGUE, WHK 1 DURML & 9145
Z K] PMMA 5 RIS 1) 53 375 5% (TFL) AN 8] 23 HEiiEo
(TPH)Yti%. £ 1a F1 1b () TFL A1 TPH il 25 (1) KR
REAEENZRM, &l 5 s (2a A 2b WA BIALEHE S4), Sk
&Y 1a F1b (1) AEst 4351179 0.203 F10.177 eV. JY
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SR ESERRZENT 02eV. ERENHMA AEs
P53 Hr 45 R0, 1a Al 1b B3 TADF A K1) B ZERHE.
1.4 BAFEMR

AEFAAR 22 WK DA DY T 28 7 S Bl I e Jho S LA O
ZIRECNAER, CHCL RIER, fE— =S LR
N Ag/AgCl HLRR, B122 50 TAE ARAED B e Bh B Ak
PR R HEHT, FAREEE 0.1 Vis. TR EYIITEIAME %
w6, MRIEEMIER GG BAL, THEASIIFMLE
) HOMO REAK I N—5.37. —5.11. —5.41 fl—5.08
eV. ‘EAI1H LUMO R4t i HOMO el I E, /3%, 7
BWAN—1.50. —1.67. —2.11 F1—1.84 eV. HOMO #l
LUMO REZ SR E A BT IR EIN A T3 1. 3¢
UM 5 T EAE A AFELLT. 1b 1 2b ) HOMO fg %18 T
ITO B3E(—4.5~—5.0 eV), X EA1H HOMO R 5
ITO BH5 1 HOMO REZILHL, WE R ERE, o]
DARRAR 25 701 S I RE 22, B 281 (il > 100,
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Figure 5 TFL and TPH spectra of PMMA films doped with 5
wt% 1a and 1b measured at 77 K
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KR 2a A1 2b HELRAS LM 3 EHTEL, 1T 1a A 1b
R =N B B &4 1ay 1b. 2a F1 2b [ F#5)
RFLARTE S (To) RN 2324 4104 122 F1122 °C, {HZL
FHANT 5%, MRS SR SRR, BN
R IR P (Ta) I3 AR AE 564~675 “CZ 8. DUFL&D
RE S IR L (T) /S A TE 424~466 C, KA
VUi & B RIFr AR e, Xt 1b A1 2b 5 1a
i 2a () Ty, M52 AR5 A R, PXZ BUR L &4
K E LT DMAC BURIIE &9, FRER N
PXZ " C—O # ALK T DMAC H C—C #1IHERE.
2a Al 2b [ FEE E PERY LT 1a F 2a, W] WL 5] AMFREZRIR
J&, AFIT IR #da e .
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T T T T T T T T T T
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B 7 DURME SRR T AT it 25
Figure 7 Thermal gravimetric analysis curve of the four com-
pounds

K3 UFL SRR T Hds

Table 3 Thermal gravimetric analysis data of the four com-

pounds
&Y Ty/C T,/C Tyl C
la 232 438 564
1b 410 466 600
2a 122 424 665
2b 122 444 675
2 &g

ARV FI A T DO Ff A 10-H 55-10H-W3 EIER-5,5-
TR SZARTICT (A, Hd 1a, 2a i1 2b K
S, KR STEKAE 422~459 nm 2 7). 1a F1 1b ]
B R R A& 120553 708 455 nm. 0.083 i1 511
nm. 0.098. FiE F'EA1E PMMA HE 156 5 i 2y
W19 5.78 F120.00 ps. 77 K W) AEgr 205124 0.203 £
0.177 eV, KMHPEESZIEILH TADF Mk}, HE AR
RAGE T, A, DURb & E0 B A 1R m i #gr
FRIRL .
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'H NMR F1 °C NMR LA TMS NN 5K Bruker
AVANCE 1II 500 Excalibur ¥ 3EHREEASCI . L&
Y1 1a.1b F1 2a 1) HRMS f Thermo Fisher /A &) Exactive
Plus 4 [F370 AH €035 8 = 20 PR RS B A 52 ;. 4k 59 2b
) HRMS K 32 [F Agilent 72 7] Agilent 6520 %5 il
FH G DY 2% FF — % AT B 8] BB 65 15 B¢ FH A (QTOF) il 5 .
B4 4 1% K FH 3£ [E] Agilent 1100 LC/MSD Trap XCT Jii
TEAGIE. LA R Nicolet 5700 J&iE e, 4
Ah-1] DRSO G S B H A B3 A\ UV-2450 45 7h—1] W53
FeHEE R . HBUR L& T AR R HIY
FM-4 56l e, S48 iR E N 1 nm, FEMRTE
BRI VROR SN 1 X 107° mol/L. Bizs KGRt k. 77
K I 1] TFL A1 TPH JGHE R FH 52 T 8 20w AR A/l A5 2%
HEEEA FLS 980 MsE. HALEEHIZ R Lifg RN A
CHI660E HiAk 22 T ARSI 2. #kE TR A TA A
SDTQ 600 #F 73 4 & .

25K DMAC T K42 SCHR[ 1713038 1) 575 i, WV
BRI Alfa AesarCRE)V AR AR, VYT /S HbE
P e A R T BTy R v (P B A R A F], N-H
Femy ey T R R EAGRIE AR AR, N-RIEEE
BR . FRORBRAGEE . N-TRAREHAT I e (NBS) AT 4-1R 2K
R T AL H R AR R AR, PU(EARERHHE, =
BUT FEBERURUT A T = BAL =R R (Rl AR A
), TR A AR A R R 0 T [ 24 4R A SR A B
AF], HIRZEIBA AR ERE P T, HElEfiRaat
T E AL,
3.2 3,7-ZiR-N-BREMIER-55-—F YN AERLE
3.2.1 3,7-=if-N-F EoprE R (1-1)89 A mk

ZHHER[18], EUKKIA, MI%EH 75 mL DMF [
250 mL RN N-H By HERR (3.047 g, 14
mmol), FFEECAE, RN S min, /M I NBS
(7.551 g; 42 mmol), REFK/KH 1 h. ZEFHFE12h )5
FZKZ 1k OB, FK 2k, =&AL Al
TR RS T g, I8, W4E. AR R ITH:
(R ZHES) - VO mEF)=1 : 100]#84E, 15 4.676 g 1k
EW1-1, 7% 90%. 'H NMR (CDCls, 500 MHz) 6: 7.27
(d, J=2.3 Hz, 1H), 7.25 (d, J=2.3 Hz, 1H), 7.23 (d, J=
2.2 Hz, 2H), 6.64 (d, J=8.6 Hz, 2H), 3.30 (s, 3H); IR
(KBr) v: 3057, 2960, 2882, 2816, 1844, 1584, 1460, 1385,
1328, 1256, 866, 798, 748, 576, 548 cm .
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322 3,7-=%-N-F KopeEk-55-— AM(1-2) 89
AR
2 CHER[19], 1E 125 mL SR 1-1 (2.412 g,

6.5 mmol)i& T 60 mL 4R, HHEEUAM, AL
AMEB0%, 27.5 mL). IBEYITE 90 C FEIGL &,
FKZ LN, SRIGH OBR Z B ZEH. A HLAH F KA
TR Eh/KIE Y, KRR SR T8, ks, =¥ H
HERAE[RIFF: LR LER): VA mE)=1: 2], 1§
1.258 g L&MW1 1-2, 7% 48%. 'H NMR (CDCls, 500
MHz) 6: 8.19 (d, J=2.3 Hz, 2H), 7.71 (dd, J=9.0, 2.3
Hz, 2H), 7.19 (d, J=9.0 Hz, 2H), 3.68 (s, 3H); IR (KBr)
v: 3103, 3065, 2982, 2900, 1580, 1566, 1473, 1459, 1296,
1148, 1148, 1133, 1095, 815, 801, 649, 576, 548 cm "
323 b 1-3 495 %

ERAAA T, [ 1-2(1.209 g, 3 mmol). 4-IRZEHH
[2(1.537 g, 7.5 mmol) A Pd(PPh;), (0.351 g, 0.3 mmol)+
I 6 mL 2R, 2 mL ZEEF 4 mL 2 mol/L ] Na,COs;.
BMORAE 90 CIRIR 24 h. fFMAHZEER, WAV
M CH,CL, 28, HANZEToKREREE TR, W4, HHr=
VI FHRERAE R A R L) - VR B =1 © 1]3&
g, 13 1.149 g b &M 1-3, 723 69%. 'H NMR (CDCl;,
500 MHz) J: 8.46~8.25 (m, 2H), 7.88 (dd, J=43.1, 8.7
Hz, 2H), 7.77~7.64 (m, 2H), 7.60 (d, J=8.4 Hz, 3H),
7.56~7.47 (m, 3H), 7.41 (q, J=10.7 Hz, 2H), 3.79 (s,
3H); IR (KBr) v: 3030, 2902, 1601.13, 1541, 1472, 1419,
1344, 1295, 1249, 1151, 1132, 1077, 1006, 889, 807, 761,
718, 596, 559, 513 cm .

3.3 k&t 1a. 1b. 2aF12b AR
331 3,7-=(9,10-= £.-9,9- = 7 A 7Y vx)-N-F F oy
k- 5,5-— A AL (1a) 89 A Ak

# Pd(OAc), (0.023 g, 0.1 mmol)/EE SRy R T
10 mL 2L B 2K, BT &5 508 10% 1)
P(t-Bu); R BEIAH(0.405 g, 0.2 mmol), AW IR T v
TEVAW. ¥ 1-2 (0.407 g, 1 mmol), DMAC (0.456 g, 2.2
mmol)F1 -BuONa (0.588 g, 6 mmol)iA = [, fliHdd
A, AN 20 mL 2R H ZRIF A . I XK E
Pd(OAc), il P(+-Bu); B KRB WEAN =D H, 1E
111 CRM#AENR 30 h. fFRMNANEER, HES
TRM Z G PR EEEL, AHUE R TCKRBREE T4, iU,
wan. MR RIFF: MR LER) @ V(R
Bfy=1: 2]#24, 15 0297 g th&W 1a, F%FK 45%. 'H
NMR (CDClLs, 500 MHz) §: 8.18 (s, 2H), 7.66 (q, J=8.9
Hz, 4H), 7.48 (d, J=7.2 Hz, 4H), 7.08~6.87 (m, 8H),
6.28 (d, J=7.7 Hz, 4H), 3.93 (s, 3H), 1.71 (s, 12H); "*C
NMR (CDCl;, 126 MHz) §: 140.68, 136.99, 130.43,
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126.87, 126.52, 125.39, 121.14, 118.51, 114.04, 103.31,
36.03, 31.11; IR (KBr) v: 3032, 2966, 1590, 1477, 1442,
1332, 1301, 1274.07, 1144, 747, 728 cm™'; ESI-MS m/z:
659.7. HRMS calcd for C43HisN;0,S (M+H)"™ 660. 2679,
found 660.2679.
332 3,7-Z=w B %-N-F AopeEeR-5,5- = A LH(1b)
EORESHY

SRR IRY 1a KA, H PXZ (0412 g, 2.2
mmo)f\# DMAC. HIEERI[RITHI: (LR LER) -
VCA B =1 : 214240, 150.444 gL &9 1b, 72K 73%.
'H NMR (CDCls, 500 MHz) 6: 8.17 (s, 2H), 7.68 (d, J=
8.1 Hz, 2H), 7.60 (d, J=8.7 Hz, 2H), 6.66 (d, J=55.9 Hz,
12H), 5.93 (d, J=6.8 Hz, 4H), 3.87 (s, 3H); *C NMR
(CDCl;, 126 MHz) 6: 144.00, 141.56, 126.42, 123.36,
122.01, 118.85, 115.80, 36.42; IR (KBr) v: 3059, 2911,
1486, 1461, 1334, 1273, 1143, 745 cm '; ESI-MS m/z:
607.5. HRMS caled for Cs;7H,sN304S 607.1560, found
607.1560.
333 3,7- = [4-(N- X % -9,10- = &, -9,9- — F & Y
"Z)]-N-F Fopeok-5,5- — f A4 (2a) 89 & A%,

SEIHEAE LIRS 1a 2800, FALE 1-3 (0.555 ¢, 1
mmol)f0#& 1-2. HEEGHEEIFA: M & H k) @ V(h
Ml =1 1384, 15 0.365 g tb & 2a, 7K 45%. 'H
NMR (CDCls, 500 MHz) &: 8.49 (dd, J=5.7, 2.1 Hz, 2H),
8.00 (d, J=8.5 Hz, 2H), 7.91 (d, J=8.3 Hz, 3H), 7.82 (q,
J=8.5 Hz, 4H), 7.55-67.39 (m, 9H), 7.02 (t, J=7.7 Hz,
3H), 6.96 (t, J=7.4 Hz, 4H), 6.38 (dd, J=12.6, 8.2 Hz,
3H), 3.87 (dd, J=16.5, 5.5 Hz, 3H), 1.73 (s, 12H); "°C
NMR (CDCly, 126 MHz) &: 141.24, 140.93, 140.86,
134.49, 132.05, 131.78, 130.11, 130.09, 129.43, 129.26,
127.88, 127.70, 127.30, 126.45, 126.43, 125.32, 124.93,
121.95, 121.61, 120.70, 120.63, 116.36, 114.13, 114.09,
36.03, 31.33; IR (KBr) v: 3031, 2959, 2992, 2854, 1591,
1474, 1325, 1301, 1270, 1152, 1131, 814, 746 cm .
ESI-MS m/z: 811.3. HRMS calcd for CssHygN;0,S (M+
H)" 812.3305, found 812.3305.
334  3,7-=[4-(N-K 2" "E"%)]-N-F K opE%-5,5-
Z R ALA(2b) 8 A Ak

SRR RS 1a 250, RALEW 1-3 (0.555 ¢, 1
mmol)f{# 1-2, F PXZ (0.412 g, 2.2 mmol)f{ ¥ DMAC.
FRERAE[ R/ W& W k) - ViR =2 : 1142
g, 150.502 g tb &9 2b, 723 66%. 'H NMR (CDCl;,
500 MHz) J: 8.68~8.67 (m, 1H), 8.62~8.61 (m, 1H),
8.45 (d, J=8.8 Hz, 2H), 7.96 (t, J=7.3 Hz, 2H), 7.86 (d,
J=17.2 Hz, 3H), 7.78 (s, 3H), 7.46 (q, J=8.4 Hz, 6H), 6.66
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(ddd, J/=20.8, 17.2, 7.6 Hz, 11H), 6.02 (t, J=38.5 Hz, 3H),
3.83 (s, 3H); C NMR (CDCl;, 126 MHz) §: 144.00,
141.26, 138.94, 134.38, 134.28, 131.55, 131.27, 129.61,
129.42, 127.84, 127.30, 126.84, 124.89, 123.33, 121.90,
121.48, 121.40, 116.45, 115.54, 113.32, 36.03, 22.70; IR
(KBr) v: 3032, 2953, 1601, 1486, 1332, 1292, 1271,
1151.31, 1132, 811, 741 cm™'; ESI-MS m/z: 758.7. HRMS
calcd for C4oH33N30,4S 759.2186, found 759.2180.

#HBh#1 Bl (Supporting Information) JUFH ik & WK &
it S, B TE L. RIE OB 5, 'H
NMR. "C NMR &, HRMS B BRI L
AT AL by 3X S A RE BT DL 4 B AR T I 3l (hitp://sioc-
journal.cn/) | N #K.
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