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Synthesis and Characterization of Starburst Conjugated Molecules with
Multiple p— Branches for Narrow Band Gap Modulation

Zhao, Lingling Jiu, Yuanda Wang, Jianyun Zhang, Xinwen
Lai, Wenyong* Huang, Wei*
(Key Laboratory for Organic Electronics & Information Displays (KLOEID) and Institute of Advanced Materials (IAM),
Nanjing University of Posts & Telecommunications, 9 Wenyuan Road, Nanjing 210023)

Abstract Well-defined © conjugated molecules have attracted much attention in the field of organic electronics, due to their
promising optoelectronic properties, good monodispersity, high purity, excellent reproducibility and facile functionalization.
Here, a series of starburst molecules (P1, P2 and P3) with truxene as the core, thiophene unit as p-type electron donating
segments, and benzothiadiazole chromophore as the n-type electron accepting segments, have been designed and synthesized.
The aim of the systematic investigation of these structural variations was to provide insight into the relationship between the
effective conjugation length and the photophysical properties, the intramolecular energy transfer process, which would shed
light for the rational design of novel optoelectronic materials for organic electronic devices. The resulting molecules, P1, P2,
and P3, possess a series of advantages, including high solubility, broad absorption, low band gap and good thermal stability,
etc. The chemical structures of the intermediates and resulting molecules were confirmed by 'H NMR, *C NMR,
GC-MS/MALDI-TOF. P1, P2, and P3 exhibited good thermal stability according to thermogravimetric analysis (TGA) and
low-lying HOMO and LUMO energy levels as well as narrow band gaps according to cyclic voltammetry (CV). P1 and P3
possessed amorphous properties, while P2 exhibited crystalline properties as revealed by differential scanning calorimetry
(DSC). The electronic properties have also been investigated by DFT calculation. The HOMO/LUMO energy levels and band
gaps could be fine tuned by varying the content of p and/or n type moieties. Compared to P1 and P2, the maximum absorp-
tion and emission of P3 were obviously red-shifted due to increased effective conjugation with introducing additional thio-
phene units into the p-n branches and modulating the substituted position of the alkyl group. To investigate the primarily
optoelectronic properties of these molecules, OLEDs were fabricated using the following configuration: ITO/PEDOT: PSS
(50 nm)/EML (74 nm)/TPBi (30 nm)/LiF (1.3 nm)/Al (80 nm). Maximum luminance of 2908, 4683, 1085 and 4730 cd/m>
were demonstrated with maximum current efficiency of 1.18, 0.50, 0.16 and 2.50 cd/A, respectively.

Keywords conjugated molecules; thiophene; star-shaped molecules; narrow band gap; organic light-emitting diodes
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Figure 1 TGA plots of PI~P3
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Table 1 Optical and electrochemical properties of the compounds
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Figure 2 UV-vis absorption and PL spectra of P1~P3: (a) in THF
solution; and (b) in the solid state as thin films
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Erumo=e(Enomo +Eg Opt) (eV) (3)

iAW A AR CEHR ik 1 fos. Hor,
S il#s, E(Fc'/Fe)l 0.04 eV. &4 P1, P2 #il P3
i) HOMO HBEZ 43 —5.79, —5.60 Fl—5.45 eV,
LUMO f84%43 5l —3.40, —3.16 F1—3.22 eV. "WJLLFH
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A% .
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Solution A, /nm

Film Apa/nm

Jeage/ THF HOMO/eV LUMO/V  ESYeV
uv PL uv PL
Pl 324/453 559 327/464 571 518 —5.79 —3.40 239
P2 331/448 551 336/458 567 509 —5.60 —3.16 2.44
P3 347/482 593 367/496 605 557 —5.45 —322 223
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Figure 3 CVs of P1~P3 thin films

2.44 F12.23 eV.
25 HWEYHERITERR

H T HE—L TR P1, P2 Al P3 (LA AA BRI H 7
i, FRAE T % B2 bR U7 15 (DFT) £ B3LYP (Becke’s
three parameter hybrid functional with the Lee-Yang-Parr
correlation functional) /K V- % Ak & W 34T FE 285 45 A AR
W, ISR E A e S R, X
WEWT AR FERA 6-31G(d)RABAT . iy
A5 R4 F Gaussian 03 F2/7 58 K.

M 4l LUE L, LS9 P1 I HOMO REZ0IH
Tz B ATAE p B T AR T OB R e
FewEwy I, L4 P2 1 HOMO RERINH T =15 P1 AR
FAAL, Ud e R B P A7 AR A AT S 25 5 R 4y 1 [ HL 1
=, A P3 [ HOMO BEZR 1T 5 B4 A fE
= Jfeiidon k.

-1.01
-2.01
] LUMO
E‘ _30 : 4 ',‘ . » ‘:$32“;ti.};:;1' :’b
E’) -4.01 P1 T 29eV P2 T 296V PST 2.79 eV
i} 1 g X ;
-5.04 ".‘-',_:_ e, B
1 e i )5 HOMO
-6.01 ot i . 3 LAy
] .‘."\;"’"@w '.“'"%’.’Ib e !“?"’!?-‘z
_70 ] D . ' - v

B4 {644 P1~P3 ) HOMO A1 LUMO Hi ¥ =5 fii
Figure 4 HOMO and LUMO electronic cloud distribution of P1~P3

& P1, P2 F1P3 () LUMO REZRIF) T = 1
IYARAE n B L T G R B TR R e b IXR I T
PN HELAT A p L5 H 1 Iy RN = el g My R e e e 31 7
n BRI I 2R T e e b Ak, 5 P1 I P2 MIEL, 1k
AW P3 A BARA LUMO BEZ AN =1 ) HOMO REZH,
REBTE A, 3K 15 H Ak 2% 03K 0 G 27 A B 1) &5 SR S AR )
A, VAR Z S04k p-n G THBINE 21
WEWy BTG, W LA SRR S P e REBR, o tb &

1252 http://sioc-journal.cn

PO S . ARSREOE R AR 2 v
2 LAY PL~P3 R A AN i

Table 2 The configurations and the corresponding energy level orbital
distributions of P1~P3

P1 P2 P3

LUMO
Erumo —248¢eV —2.53 eV —2.55eV
HOMO My, % ‘:“:.,
AL\ N,
Enomo —5.38¢eV —543¢eV —5.34¢eV
E, 290 eV 290eV 2.79 eV
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2.6 HEYIHBBUA AR

h T S M E IR RE, T e A
il 7 LA P1, P2 Fil P3 1524 &OGIZ(EML) A HLHEUK
62 D1, D2 Fil D3, H 2454 A

ITO/PEDOT: PSS (50 nm)/EML (45 nm)/TPBi (30
nm) /LiF (1.3 nm)/Al (80 nm)

(i) b 3 a4 T BL P3O (2 wit%) R 2-F
5£-9,10- - (Z5-2-3) BL(MADN) 5 2415 0 K6 2 A HL
HL RO R DA, TLS RS K Ny

ITO/PEDOT: PSS (50 nm)/EML (60 nm)/TPBi (30
nm) /LiF (0.8 nm)/ Al (80 nm)

K 5(a) A DURPERAEAE 9 V IRS LR I FLBUR
FI(EL), fe KR5S 5% 574, 555, 630 F1 604 nm, 3k
AL IE HLREUR L. EL 6% E 5 E 2(a)
HR) PL OGRS L FARTE]L B S(b) 2 s s i - v -
ML B 2k, TS UL, D1, D2, D3 #1 D4 43
W14 3.9,4.8,5.1F14.1 V. D1 ££9.2 VI fit K55k 2908
cd/m’, D2 7£ 11.9 V I 35 K52 % 4683 ed/m?, D3 75 12.4
V I KA Sl 1085 cd/m?, D4 7F 12.4 V It Ks2 i
4730 cd/m®. LI KWL AW P3 LB 245 (A E P BE A
BRI LSS i (IR 3 FI).

5(c) ML EERAT I IR AR - A ih 2k, 1T
PRI EIR AR 2> )00 1,18, 0.50, 0.16 A1 2.50 cd/A, H:
1 D1 Al D4 [ HERRCR AL, TR ZRE DI,
D2 il D4 & LA BRAR A ML AR, 1% 5 R e
R NIE R AR SESNIIR EP S
3 Zig

WA BT DL = JF el A%, WEWy—JRIFWE — Mefi A=

Acta Chim. Sinica 2013, 71, 1248—1256



5

X
X
&

104 @

0.8 1

0.6- —e—D2

0.4 1

EL Intensity/a.u.
:

0.21

400 500 600 700 800
Wavelength/nm

10000

(b) _-‘._.,:,'.;~,;;\3 p,ﬂ—?V‘v‘vﬂ - 800

1000 +
- 600

1001 400

Brightness/(cd-m2)

103 - 200

Current density/(mA-cm2)

o

v
W
oo o O o o o o ¢ TV

Current efficiency/(cd-A™")

0.04+—T— T T T T T T T
0 100 200 300400 500 600 700 800
Current density/(mA-cm2)

Bl 5 (a)l4fh OLED ##fF7E 9 V T I¥ EL Iik; (b)PUFh OLED #4445
JEE— R B 2 T - R T 25 (o)PUR OLED #$ 4 Fi S - UL %
JE H £&

Figure 5 (a) EL spectra of the four OLEDs at 9 V; (b) luminance versus
voltage (left ordinate) and current density versus voltage (right ordinate)
characteristics for the four OLEDs; (c) Current efficiency versus current
density characteristics of the four OLEDs

R3BMRECROLIE R

Table 3 Luminance characteristics of the devices

Device Vo/V 4Lm“/(0d.m ) i I EL/ PL/nm CIE v, 7)
(Voltage/V) ~ (cd*A ) nm @1V
D1 3.9 2908 (9.2) 1.18 574 571  (0.50, 0.50)
D2 4.8 4683 (11.9) 0.50 555 567 (0.45,0.54)
D3 5.1 1085 (12.4) 0.16 630 605 (0.63,0.37)
D4 4.1 4730 (11.8) 2.50 604 605 (0.57,0.39)

YA IR 2 S04k p-n SR 359045+ P1, P2 R P3. #f
FET AR E 3R E . SOy, Ak i R S
JorPERESE. WFITSE R EoR, P1~P3 A WARIEL. 4R
Foe k. BERRAS . WOBOGIE 56 550 2. 2 T 450 54
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BHEREE DIARSC. W1 p, n BT HECR A LUK
PR A e i 1) A E R T LUK 7 R 42 PRI Dl o B o
PEpt. EFRE R Z S p-n S5H, TAF TEANRE
B S5 AL R 56 R T W . XA ) A H 2T R AL
o6, BT IZRM AN LUMO REZUIRAR, DMk 1
ANMERTRE D33 T A Rt m, AV AAHIRECOE
ORI T

4 KIGERS

FEAK N P1. P2 F1 P304 M 21 Scheme 1 fT7.
41 Z=FHE(1)

FEifH(13.20 g, 100 mmol)E T 250 mL — 1B
W, SEEAZRIR(80 mL), FHEALIR, HETHE 100°C,
R, UK TR R R, HE, IR KaCOs %
vEILIR. N 2 ek, PSR —Xk. TS
FIFL A AR 12.46 g, 7% 36%.
4.2 5510,10,15,15- ;xS E=FE1(2)

TRKTASLM R, K =IF8H(3.18 g, 9.29 mmol),
75 THF (50 mL)IMAW peiffirt. el F, e e
T8V EAN n-BuLi (22 mL, 13.75 mmol, 1.6 mol/L), fi4ln5¢
Ji, RNV 0.5h, BN 1-1R1E ¢ %85 mL, 4.50 mmol),
RN 4 h, FEAE 218N #-Buli (22 mL, 13.75
mmol, 1.6 mol/L), WM5E/E, KNV 0.5h, ZEHIMA 1-1%
IE & %E(5 mL, 4.50 mmol), W 12 h. PKKE KRN, H
ZE TRV Z IR, A THEEA N =k, AP JEK
DRI TS, HhIE, WRARWE A5 A Z AT O e A
THEK), 192k K 6.79 g, 77EE 86%.

'"H NMR (CDCls, 400 MHz) ¢: 8.38 (d, J=7.6 Hz,
3H), 7.48 (d, J=7.2 Hz, 3H), 7.35~7.42 (m, 6H), 2.94~
3.12 (m, 6H), 2.05~2.13 (m, 6H), 0.86~0.93 (m, 36H),
0.59~0.63 (m, 18H), 0.47~0.55 (m, 12H); “C NMR
(CDCls, 100 MHz) d: 153.65, 144.83, 140.36, 138.38,
126.33, 125.96, 124.64, 122.18, 55.62, 36.97, 31.51, 29.52,
23.91, 22.30, 13.90.

43 5,5,10,10,15,15-RIECH&-2,7,12- =R =FFE(3)

TEROE T, ¥ 5,5,10,10,15,15-/N1F ©.56: = 1 8i(4.20
g, 5.00 mmol)i& - & FHE(DCM) (60 mL)J, fEIA 250
mL B e, AR E, T IS AN
W, RVIER. AT NayS,05 #liis 2By & L
Prod EIWR. S TRANA N, K2R H
TCRKBR R EE T 15, Sk, WRARV G AL 2 M (R VER A
1K), fE ARk 7.22 g, 77E 89%.

'H NMR (CDCls, 400 MHz) §: 8.18 (d, J=8.4 Hz,
3H), 7.51~7.57 (m, 6H), 2.81~2.88 (m, 6H), 1.98~2.06
(m, 6H), 0.81~0.95 (m, 36H), 0.61~0.64 (m, 18H),
0.41~0.48 (m, 12H); *C NMR (CDCl;, 100 MHz) §:
155.88, 144.90, 138.86, 137.64, 129.38, 125.90, 125.53,
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121.05, 55.99, 36.83, 31.45, 29.71, 29.37, 23.88, 22.25,
13.88.

44 2,2'2"(55,10,10,1515- ;X IE © & = FF & -
2,7,12)-=(4,4,5,5-M A £-1,3,2- " &F 2+ 5kx)(4)

TEJCIK A OGN, % =-(5,5,10,10,15,15- /N 1F
O = E(3.03 g, 3.00 mmol), RUEK(2,4-—FH-2.4-
W EDMIREE(4.23 g, 6.00 mmol), KOAc (2.72 g, 10
mmol), #EALF] Pd(dppf),Cl, & T 100 mL )= 150
W, TGRS BRI 1,4-5NR(50 mL),
FH2 100 °C, KM 24 h. VKOKEK RN, 5 FHEAE
HHUH, JFH 2B FRIEZ IR, TKBREE T, fhik.
B PR IR GG A0 ), KEJE AT VB (DCM) -
V(PE)=1 : 4), /£ DCM/MeOH W1 E 455, 55 H
1Ak 2.358 g, FEK 78%.

'H NMR (CDCl;, 400 MHz) J: 8.38 (d, J=8.0 Hz,
3H), 7.87 (d, J=9.2 Hz, 6H), 2.89~2.96 (m, 6H), 2.11~
2.19 (m, 6H), 1.42 (s, 36H), 0.79~0.91 (m, 36H), 0.568 (t,
J=17.2 Hz, 18H), 0.42~0.46 (m, 12H); *C NMR (CDCl;,
100 MHz) 6: 152.76, 146.45, 143.24, 138.34, 132.87,
128.22, 123.95, 55.78, 36.85, 31.53, 29.52, 25.00, 22.30,
13.88.

45 2-(5-IECEEM-2)-4455-MEBAH-132--5
Z- 1K (5)

KA T, ¥ 3-1E AL HEY) (8.64 g, 50.00
mmol)5¢ % T H 7% THF 1, —78 'C'~, HEI ALl
YA n-BuLi (39 mL, 62.50 mmol, 1.6 mol/L), i#N5¢ )5,
BN 2h, AR S K S A AR A R ISR (15 mL, 75.00
mmol) P VE N, E = H N VB VKKK N,
HEBE K2R, HZE@WP AR Z XK, ARG
KRR BT, g, IRV TG AT 2 BT [k EAC A
V(DCM) : V(PE)=1 : 10], 52 ORI AL 11.75
g, I7E 80%.

46 47-Z(4-IECEEM)-2,1,3-FKFE 1 (6)F0
4-(4-1FE CEMEM)-7-18-2,1,3-FFHE I (7)

A6 Ny (R4 SR, 2-(4-1F L IEWEN) -2-95)-4,4.5,5-
DY FJE-1,3,2- A A4 RE(5.88 g, 20 mmol), 4,7-- -
2,1,3-F I E M(1.459 g, 5 mmol), HEALF Pd(PPhs),
(5.82 mg), & T 250 mL BT, AL SR
) F 2K (60 mL)E 1A K,CO5 ZKIEW(20 mL, 2 mol/L), 95
CHFE 48 h. VOKER MY, H =S BEA A HUAH,
LT KUEW =G, ToKBRIREE T, Hhik. LAk
FEHRAHA =), AE)ZHTRGERC (DCM) & V(PE)=1 !
S14lith, 1920 14(6) 1.536 g, =% 66%, FTtsE
B K(7) 0.372 g, % 16%.

4,7- . (4-1F CIHEWEWY)-2,1,3- 4 I E - 8(6): 'H
NMR (CDCls, 400 MHz) : 7.98 (s, 2H), 7.83 (s, 2H), 7.04
(s, 2H), 2.69 (t, J=8.0 Hz, 4H), 1.67~1.72 (m, 4H),

1254 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1.33~1.42 (m, 12H), 0.90 (t, J=7.2 Hz, 6H); >C NMR
(CDCl;, 100 MHz) 6: 154.31, 141.72, 132.22, 129.93,
129.25, 127.49, 125.90, 31.60, 30.72, 29.39, 29.14, 22.57,
14.08. MS (MALDI-TOF) m/z: [M]+ calcd for CyH3N,-
S;: 468.7; found 468.3.

4- YR -7-(4-1F O L BEWY)-2,1,3- 2K I BE k(7). 'H
NMR (CDCls, 400 MHz) &: 7.94 (s, 1H), 7.81 (d, J=7.6
Hz, 1H), 7.66 (d, J=7.6 Hz, 1H), 7.06 (s, 1H), 2.68 (t, J=
7.6 Hz, 2H), 1.65~1.69 (m, 2H), 1.32~1.43 (m, 6H), 0.90
(t, J=7.0 Hz, 3H); °*C NMR (CDCl;, 100 MHz) 6: 153.80,
151.80, 144.52, 138.09, 132.23, 129.62, 127.36, 125.53,
122.06, 112.05, 31.70, 30.62, 30.46, 29.03, 22.64, 14.11.
MS (GC) m/z: caled for Ci¢H7B;N,S;: 381.4, found 382
M]".

4.7 4-(5-R-4-1E C EIEW)-7-(4-1E D EEM)-2,1,3-F
FEIE 1 (8)

EBEE R, ¥ 4,7-(4-1F CREWEWy 2-35)-2,1,3-F5 5F
WE (2,341 g, 5 mmol)7E A T & FLE(20 mL)J5,
BT 100 mL (P9 B EVKHE TR 2218 s i e
50 mL ) DMF H ) N-ART R EAZ(NBS, 0.861 g, 5
mmol), VTR IKZKEER N 5 50 B e A A
BUAH, JF 28 7KBE 2 Ik, oK T, HlE,
FLAWRAGIE, KEJE BT RS8R A k), 443 21 20 (]
14240 g, "% 89%.

'H NMR (CDCls, 400 MHz) 6: 7.97 (s, 1H), 7.70~
7.78 (m, 3H), 7.04 (s, 3H), 2.61~2.71 (m, 4H), 1.65~
1.72 (m, 4H), 1.34~1.41 (m, 12H), 0.91 (t, J=6.4 Hz,
6H); °C NMR (CDCl;, 100 MHz) &: 152.48, 152.31,
144.42, 142.99, 138.86, 138.66, 129.18, 127.86, 126.31,
125.33, 124.94, 121.72, 111.36, 31.73, 31.67, 30.67, 30.49,
29.77,29.72, 29.71, 29.08, 29.00, 22.66, 22.65, 14.14. MS
(MALDI-TOF) m/z: caled for CysH;3BN,S;: 547.6, found
548.4 [M]".

4.8 2-(4-IF CHIEM-5-;8-2-)4,4,5,5-FAH-1,3,2-—
FAHLT(9)

FETCRTCET, 4 2-1F CLIEWE;(3.366 g, 20 mmol)
AW THEZEN THE |, —78 CF, HEMEGZIEHEN
n-BuLi (15.63 mL, 25 mmol, 1.6 mol/L), #IN5E/R, KW
2 h, SRR A AT A R I (5.58 mL, 30 mmol )tk
HOEN, AR T RN, vOKER RN, HEETF
KVEZ K, H SR A 2 R, AR FH G K R Bk
TG, HhE, WAERSATZ T KRR (DCM)
V(PE)=1 : 4], 13 2WnHEEAREHIHAA 5.63 g, /7% 97%.
49 4-R-7-(5-IE CEMEM)-2,1,3-FFE_1(10)

6 N, AP B R, 2-(5-1F R MEM -2-3E)-
4,4,5,5-PU FHE-1,3,2- 4 =B (1.177 g, 4 mmol), 4,7-
YR -2,1,3- 75 - E M (3.502 g, 12 mmol), {5
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Pd(PPhs), (6.625 mg), & T 250 mL 1B, W EAL
SR A AR50 mL)¥ AT Ko,CO5 7K (20 mL, 2
mol/L), 95 ‘CHi#: 48 h. VK/KEEK N, F S FHiAE
IATHUAH, 258 T /KUEP =05, JoKBRIREE T4, 4
I FLESUR RGP, A EATOROEE V(DCM)
V(PE)=1 : 6)4lifk,, 434k 14 1.097 g, 772 72%.

'H NMR (CDCls, 400 MHz) d: 7.90 (d, J=3.6 Hz,
1H), 7.78 (d, J=8.0 Hz, 1H), 7.60 (d, J=7.6 Hz, 1H), 6.86
(d, J=3.6 Hz, 1H), 2.87 (t, J=7.6 Hz, 2H), 1.70~1.78
(m, 2H), 1.25~1.43 (m, 6H), 0.90 (t, J=7.2 Hz, 3H); "°C
NMR (CDCl;, 100 MHz) &: 153.79, 151.78, 148.54,
135.84, 132.28, 128.17, 127.44, 125.37, 125.05, 111.52,
31.94, 31.59, 31.59, 31.56, 30.31, 29.72, 29.68, 28.83,
22.59, 14.10. MS (GC) m/z: caled for C,¢H7;B,N,S,: 381.4;
found 382 [M]".

410 P1®BIEH

76 Ny 97 SGREE R, £E 100 mL = L8, H(=
B 2 I8 -5,5,10,10,15,15- /5 1E L 56) = FF i (0.613 g, 0.5
mmol), 4-¥R-7-(5-1F O HEWEW; -2-3)-2,1,3- 2K Ff e - 14
(0.8582 g, 2.25 mmol), f#1L 71 Pd(PPh;), (5.78 mg), iEA
28 S R AR PR 2R (20 mL)¥E AT KoCOs 7K #(10 mL,
2 mol/L), 95 CHit: 48 h. VKKK N, F S F i
WA HUAH, £B T KU =05, KRBT, Hh
JE. BAREIRATHL W), AL JZ KSR V(DCM) -
V(PE)=1 : 6]4lift, #3218 1k 0.536 g, /=%
61% .

'H NMR (CDCls, 400 MHz) ¢: 8.57 (d, J=8.4 Hz,
3H), 8.16 (d, J=7.6 Hz, 6H), 8.02 (d, J=3.6 Hz, 3H), 7.96
(d, J=7.5 Hz, 3H), 7.90 (d, J=7.6 Hz, 3H), 3.05~3.12
(m, 6H), 2.93 (t, J=7.6 Hz, 6H), 2.24~2.31 (m, 6H),
1.75~1.83 (m, 6H), 1.35~1.48 (m, 18H), 0.87~1.01 (m,
48H), 0.61~0.71 (m, 27H); C NMR (CDCl;, 100 MHz)
5: 154.17, 154.12, 153.01, 147.93, 146.02, 140.51, 138.17,
136.94, 135.32, 132.39, 127.98, 127.54, 126.58, 125.30,
125.25, 124.76, 122.95, 56.00, 37.13, 31.94, 31.66, 31.60,
30.36, 29.71, 29.63, 29.37, 28.88, 24.15, 22.70, 22.62,
22.37, 14.14, 13.96. MS (MALDI-TOF) m/z: caled for
C111H 3sNeSe: 748.7; found 1748.9 (IM]"), 1681.1, 1663.7
(IM—C¢Hy5]"). Anal. caled for Cy;;H;3sNeSe: C 76.24, H
7.95, N 4.81, S 11.00; found C 76.20, H 7.55, N 4.51, S
11.14.

411 P2HIEH

16 Ny (R4 I, B (=R EE-5,5,10,10,15,15-
7N IE ©35) = I 3(0.5207 g, 0.425 mmol), 4-71-7-(4-1E 2
FEIEY-2-HE)-2,1,3- 51 I9E —144(0.8582 g, 1.913 mmol),
AL PA(PPhs), (5.78 mg), & T 100 mL = 15+,
TN G0 B AR T 420 mL)E FIAT KoCOs /K10
mL, 2 mol/L), 95 ‘CHi+k 48 h. VKKKV, I 5 H
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FeA AT, 2588 F/KBEMN =k J5, oK BT 4,
fhok. EASR AR Y, AR R
V(DCM) : M(PE)=1 : 8)4lifk, 15 FIFETE (o[l 14k 0.4258
g PR S5T%.

'H NMR (CDCls;, 400 MHz) §: 8.58 (d, J=9.2 Hz,
3H), 8.15~8.17 (m, 6H), 8.06 (s, 3H), 8.00 (d, J=7.6 Hz,
3H), 7.91 (d, J=7.2 Hz, 3H), 7.09 (s, 3H), 3.07~3.11 (m,
6H), 2.74 (t, J=7.6 Hz, 6H), 2.25~2.32 (m, 6H), 1.71~
1.79 (m, 6H), 1.26~1.38 (m, 18H), 0.91~1.00 (m, 48H),
0.61~0.72 (m, 27H); “C NMR (CDCl;, 100 MHz) ¢:
154.17, 154.13, 153.01, 146.07, 144.41, 140.57, 139.19,
138.17, 135.28, 132.80, 129.10, 127.90, 127.27, 126.46,
125.76, 124.77, 123.02, 121.51, 56.00, 37.75, 31.750,
31.60, 30.73, 30.53, 29.10, 22.67, 22.38, 14.14, 13.96. MS
(MALDI-TOF, m/z): Calcd. for Ci;;Hi3sNgSe: 1748.7,
found: 1749.9 (IM]"), 1681.3, 1663.9 (IM—Cg¢Hy5]").
Anal. caled for Cy;H;3sNgSe: C 76.24, H 7.95, N 4.81, S
11.00; found C 76.33, H 7.81, N 4.51, S 10.99.

412 P3HIEH

6 Ny BRIORY JREE T, # =lli&2-(5,5,10,10,
15,15-/51F &%) = JF8(0.3676 g, 0.3 mmol), 4(5-1-4-1F
CLIEWE WY -2-3)-7-(4- 1F CLHEMEW; -2-3)-2,1,3- 2R JF e
14:(0.7393 g, 1.35 mmol), AL PA(PPhs), (4.45 mg),
T 100 mL = OB, NS BRI F 2520 mL)
WHIA K,COs K10 mL, 2 mol/L), 95 ‘CHiHk 48 h.
VOKBR N, H S P2 BN, 5 /KUEM
SIRJE, KB EREE T, il B A ),
FERMT[RYER N V(DCM) @ V(PE)=1 : 6]4lifk, #3355
ZI 14 0.572 g, 77 85% .

'"H NMR (CDCls, 400 MHz) ¢: 8.45 (d, J=8.0 Hz,
3H), 8.10 (s, 3H), 8.02 (s, 3H), 7.87~7.93 (m, 6H), 7.61~
7.64 (m, 6H), 7.06 (s, 3H), 3.02~3.09 (m, 6H), 2.89 (t,
J=17.6 Hz, 6H), 2.72 (t, J=7.6 Hz, 6H), 2.15~2.19 (m,
6H), 1.80~1.84 (m, 6H), 1.71~1.74 (m, 6H), 1.57 (s,
6H), 1.26~1.44 (m, 36H), 0.91~1.01 (m, 46H), 0.63~
0.67 (m, 32H); *C NMR (CDCl;, 100 MHz) : 153.93,
152.74, 152.71, 145.45, 144.42, 140.23, 139.90, 139.71,
139.10, 138.13, 137.09, 132.56, 130.52, 129.01, 127.36,
127.34, 125.96, 125.90, 125.65, 125.24, 124.78, 124.75,
122.72, 121.56, 55.83, 37.10, 31.94, 31.77, 31.74, 31.56,
31.20, 30.70, 30.51, 29.71, 29.67, 29.55, 29.44, 29.38,
29.35, 29.08, 24.04, 22.70, 22.66, 22.33, 24.15, 22.70,
22.62,22.37, 14.14, 13.96; MS (MALDI-TOF) m/z: caled
for C4H;50NeSo: 2247.6; found 2246.8 (IM]"), 2178.3
(IM—CsH,;;+2H]"), 2161.4 ((M—CeH,5]"). Anal. calcd
for Cy4H;50NgSo: C 75.35, H 8.07, N 3.74, S 12.84; found
C 75.64, H 8.04, N 3.64, S 12.98.
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