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WE LL9,10- IR 13- BRARER JeM-2-BR A (1 A0 3) 4 JFURE, I I 19 — L6 4 IR 1) Wittig 28 AR A R N &
M exTTF tb&540 9-(4,5- 8 L HEM FE-1,3- ZBRACIR M -2- 0 FF JE)-10-[(4,5- T £ FEB% 3)-1,3- 3 AR IR R -2- 0
$1-9,10- A H @), AREMHATAE R, WEW 4 5 -5 LEFE LRERNATE] exTTF (b& ) 9-[4-F L IEMIE-5-(2-(2-
5 LI LR EE-1,3- T RUARER R -2- 1 T EE)]-10-[(4,5- W 2 FERR FE)-1,3- BRACER R -2- W TP 3E]-9,10- AL (5).
FIH Mitsunobu [V, fEMRE = F IR — LBeR = RILBEMHAL R, th &Y 5 SXESEARE [ VA3 2] exTTF 159 9-{4-
LR FE-5-[2-(2- 0 I HE R AR £ 58 ML ]-1,3- R ACER e -2- W2 AR AL 3 -10-[(4,5- T Z 8 J6)-1,3- R A ER e -
2-F HHEE]-9,10- 4L H(6). [FRIRT, X HHERATH AT T exTTF EH) 4 TR EH). TR R AR & 6 Sk
AL R TR R RIHTR MRS T exTTF A 590 6 5 DU SR IR oy 7RI L PR R8AT h. 4 R, JE4
Ttk 4R PHE T Sc®, AP FI Po> ' il LA Rk v A4 6 5 i 11232 RO S0 5B IK 20— 1) ) R 36 A8 47 0.

KGR oxTTF; SRS H); DISUW KRR, b T

Synthesis of A Novel exTTF Derivative and Its Electron
Transfer towards p-Chloranil
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Abstract Using anthraquinone and 1,3-dithiol-2-thiones (1 and 3) as starting materials, the exTTF compound 9-[4,5-
bis((2-cyanoethyl)thio)-1,3-dithiol-2-ylidene]-10-[4,5-(ethylenedithio)-1,3-dithiol-2-ylidene]-9,10-dihydroanthracene (4) was
prepared by tripmethyl phosphite-induced Wittig cross-coupling reaction. In the presence of cesium hydroxide, the exTTF 4
was reacted with 2-(chloroethoxy)ethanol to obtain the exTTF compound 9-[4-[(2-cyanoethyl)-5-[(2-(2-hydroxyethoxy)-
ethyl)thio]-1,3-dithiol-2-ylidene]-10-[4,5-(ethylenedithio)-1,3-dithiol-2-ylidene]-9,10-dihydroathracene (S) in 76% yield. The
target exTTF compound 9-[4-[(2-cyanoethyl)-5-[(2-(2-(4-nitrophenoxy)ethoxy)ethyl)thio]-1,3-dithiol-2-ylidene]-10-[4,5-
(ethylenedithio)-1,3-ditiol-2-ylidene]-9,10-dihydroanthracene (6) was obtained by Mitsunobu reaction of 5 and p-nitrophenol
using diethyl azodicarboxy/triphenylphosphine (DEAD/PPh;) system in 24% yield. Meanwhile, the structure of exTTF 4 was
identified by X-ray diffraction analysis. The cyclic voltammogramsed showed that the compound 6 displayed two-electron
quasi-reversible redox processes. Moreover, the UV-Vis absorption studies show that intermolecular electron transfer between
exTTF 6 and p-chloranil may be promoted by specific metal ions such as S¢**, A" and Pb>".
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B UL B AT WG RIS 5 T 51 RS T &7 (Scheme 1)1,
FIAT, 5T BUEH (1) exTTF A7 A M0 50 IR (¥ L7 2
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Scheme 1

1 RS
1.1 &

RS = Z R AL () Wittig 15 156 52 N & 5 B exTTF
FIEMREETTVEP) LAY 6 14 %2k . Scheme 2.
TR = B AL N, 9,10- R 4,5-T0 2 Kafim K-
1,3- ZHRARIR I-2-R i (1) K 2E Wittig 28 S B [ WV A=

o LI
D

P(OEt)s/chlorobenzene
(0]

[SIS 9 SIsczH4CN

S8 O NCC,H,S
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CIC,H,40C,H,4OH
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A BT 9-(4,5- W £ LA Jk-1,3- B AL IR R -2-WF
L) E-1009H)- [ (2), 723K 57%. & 2 t—H L
4,5- 5 LA FE-1,3- B AR IR A -2- B i (3) 8 A 15
BRG R 9-[(4,5- R LA HE-1,3- H AR I -2-
M 5E)1-10-[(4,5- . £ FE A 45 )-1,3- i AR PR M -2- W1
F3E1-9,10- S BAL &), T58R N 25%. tLEY) 4 &
JSCIR) P2 A, T2 B R — 2 SRR P IR — SR ()
WA FEAR, BSUR G 726G P m, 2 9,10- KR
1 4,5-30 £ HE-1,3- ZH AR -2 i 1] 5 A5 G Rl
PRI, SRS ML S 3 BTk LA A
EW) 4 PEE FIRTIE I 2R RE e i, AR
WA AT, AW 4 5 2-H A HE Sl Y
RRNERE AN 9-{4-F LI IE-5-[2-2-F8 L) 417
Hho 13- ERARER R -2- W Y -10-[(4,5- . 2 FE B
H)-1,3- AR R -2- 0 F 3 ]-9,10- —H B ALAH(5),
FEFN 76%. FIFH Mitsunobu S MUY, BIZE (B 1
. L BiE(DEAD)- = AL (PPhy) AL AR R P, (& 5
L0 ) N, 338t exTTF (A Y) 9-[4-R &
FEAfFE-5-(2-2- X i FE TR A, L8 ) L 3E-1,3- —/iARIR
P -2- 0 AL ]-10-[(4,5- . 2 3 it J6)-1,3- ARARIR IR
i5-2-30 FH3E]-9,10- EJE(6), 7R A 24%. Fi e it &
wFE T 'H (PC) NMR, FT-IR #1 HRMALDI-TOF-
MS HIZRAE. tbE 4 6 HIZRAE WL 4k Bh A4 k)

NCC,H,S—_-S
I =s
s
3
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1.2 WIRGEHSH

F X BRI R, 5 4 SRS R R = AL
#b & (Triclinic), P-1 F[ . &Y 4 151N
CssHyoNySi, 77 F A 128188, LS H N a=
10.5530(19) A, b=15.700(3) A, ¢=17.9203) A, a=
102.614(2)°, £=90.110(2)°, y=98.877(2)°, ¥'=2860.6(9)
A3, D,=1.488 Mg/m’, x=0.647 mm ', Z=2, F(000)=
1320. 540 4 IR Ai AR 2 A6 WL IR 1. AL 1 rpom] i
FAICA 1,3- AR A IR B e A, B AT
Jif T EeH, DLUEER ) s e o Rk, AR
HSHA WA Hh 19.9°F1 21.5°, FHABKIHAS 1,3-
BREA YT S ) AR 20 o —42.3° 81— 44.2°;
[, Ze BJ7 41, DLEER A R) 5 oe o BE ik, #ad
PN RIS L) T A 40 A 18.8°H1 21.6°, AHARI1I M
AN 13- R ER S T i A 430 — 43.6°F
—43.0°, XU A I AN RO SR LR
ZESt, BEZERIETRMMRANE NS, plnE 1
AR T3 14 T B 6 B A [C(24) — C(23) —S(8)] A
117.7°, [C27)—C(26)—S(7)] M 113.1°, i L5+
BT [C(52)—C(51D)—S(15)] ) 114.6°, [C(55)—
C(54)—S(16)] K 112.3°.

B a4 ik

Figure 1 Crystal structure of compound 4

1.3 &6 BBLFMER

BRA e exTTF fiTAE4 0 LR i o Ak 24 5 AL
aY, =1 RE 2 &Y 6 MILHTAMLEY) 4 HITEIR
TRz U EE 0. AR, A T34 52 IV T Y TR RS
AT, JEHAEY) 6 B AL HAL(0.552 V)N T4k
G 4 AAHEAL0.567 V), TTIHZTAEY) 4 AW
AN HL P R IE R
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Table 1 Redox potential (V) of compounds 4 and 6
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/TJCAEFCF% on Ercd AE
4 0.567 0.376 0.181
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Figure 2 CV diagrams of compounds 4 and 6

1.4 &Y 6 SEMEXM KRB TR

WEY) 6 1A m T IMAR exTTF 548506, [AH
NAT n BT EE RS G, RIS E IR LS
Y16 MCYIERAT AT o TN TRAT A R AR, Tl
KON T B IR eTTF (L&Y 6
5 DU KB 73 7 [ L P3RS AT . A SR £
W, A& 6 Bl DU SRR A 43 S I ANAS [F] () JE 4L
P& R B T, AMEIE LT AR, RS 6
S VUS KRS 4w 3 T W B AR, R, s
Y 6 I DYER RER I, RAMEIER AR, AL
HW 6 SIS KRR 2 M B PR AR . R
M, 44654 6 TH NN 4 equiv. (IS0 KR, SR 5 45
BN 4 equiv.[f14: )8 5 7, 43R MMA Na', K,
Ag', Ba® 1 Zn® IR IEAE B K KT 480 nm [X 3,
LONERE JLT-BRARA; TN S, APTHI POYTI, £
500 nm FRUTWSCH BRI 3). ARl S RIE 45
RO DU A4 R P S a Y 6 1ETAT A
(B 4), a5 MG 6 7 B 13232 AR DY S0 2%
i, TR T exTTE M iF 5 1

K 4 B 6 ISR SR S i = 1 Fe' 3 1
AN, B 5~7 510 &4 6 I 4 equiv.
TS (0 DY G0 PR (Q) IR AN 6 i, DAK I A
ST EY 6 MIARFSYIRIER 4 equiv.ff) S,
AP PO B F IR AR 3 — U g (K 4~
6)ZF W], 1E 330 F1 460 nm ALJE K T AN Wk, fE
500 nm PHIUT AL AR AL B IESE T S, AP HI Pb* B
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Figure 3 Absorption spectra of compound 6 and that a mixture

of 4 equiv. Q as well as that in the presence of 4 equiv. Na*, K",
Ag”, AP", Ba?", S¢**, Pb** and Zn®", respectively
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Figure 4 Absorption spectra of compound 6 and that in differ-
ent amounts of Fe* ', respectively
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Figure 5 Absorption spectra of compound 6 and that a mixture

of 4 equiv. Q as well as that in the increaseing amounts of Sc*”,

respectively
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Bl 6 1uaY 6 M 4 equiv. Q LLEARIMRIE AP 85 (¥4 4h
Figure 6 Absorption spectra of compound 6 and that a mixture
of 4 equiv. Q as well as that in the increaseing amounts of AI*",
respectively
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Figure 7 Absorption spectra of compound 6 and that a mixture
of 4 equiv. Q as well as that in the increasing amounts of Pb*",
respectively.
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WECRL A 6 SILUE T [ L TR A L fE. 4841
SEEENT IR AR AL S B B B 7SS, AP R Pb*T
AT DA B T AR A 6 5 L T S2 AR DY S0 2R
Rl (1 R 2 = Z W ST 1 i o )| A R e el 1 L 1
EE 12 L E A O

3 XKWL

3.1 UEHIKF

S RIS R ATk, SO R A S A
FH i 35 e B AR HE T8 7 ik AT AL 2. X F) W R — &
fis. 2-WLASEOlE, A, BTG, maE—m
1% Z.Ti& (DEAD) A = 4 HE i (PPhs) 35 AL 58 77 R gk
A BR 2 FE 3, ANk B F 1 4 Eh 2838 0 vt iy 5
TREh. AW 1 F0 3 434 ISR 15, 1616 /. BT X
#+H Bruker DPX 400 #Z Wi 3tPRA%; Fifg )kt CHI660D
HAL 2 TR, AL UV-3100 284800, 26
Nicolet 6700 ZLAMEHEAX; Voyager FEiE A (H [E B2 e
AT WA T AR ), XT4A W0 sl s
0, WEEARRZIE.

32 &M
321 9-(4,5-L LH A1 3-Z ALK R -2- 2 F
F)BE-10(9H)-BA(2) 89 5 A&,

BBV R = 288 15 mL. &4 40 mL + 100 mL
=, BARYTFIAE 135 C, AR08 g,
8.9 mmol), Fr G, fEEENORIM 2 h N, RN
B g, 4.5 mmol), BERINGEZ Sh#ER TR EHT NG S,
Inse 5 ARSI (1.8 g, 8.9 mmol), 7EH Nk 2 h 4
UOIMAETR(1 g, 4.5 mmol). IN58J5 @ TR F4kstk
N3 h, iRk, AR IR 2R RV I
B2, K IeWiE T, mfeh inA 300 mL JE/K FEE, S
AT EYiiE, BEZE, MmN REEE e, WEEYTE, FH =
AFpol L ELE ARGk 1.14 g, 772 57%. m.p.
188 “C; 'H NMR (CD,Cl, 400 MHz) : 8.27 (d, J=8 Hz,
2H, ArH), 7.76 (d, J=8 Hz, 2H, ArH), 7.66 (t, J=16 Hz,
2H, ArH), 7.45 (t, J=16 Hz, 2H, ArH), 3.33 (s, 4H,
SCH,CH,S); HRMALDI-TOF-MS calcd for C;9H130S,
[M+1]" 384.9850, found 384.9844.

322 9-(4,5- = F G HAAI 13- AR R -2- T
¥ H)-10-[(4,5- T THAI)-1,3- AR M -2- T F
F£1-9,10- = 2B . (4) 896 A%,

I R = 2786 10 mL, F 2K 5 mL T 100 mL =
CO R, ik 135 °C, MAEY) 2 (058 g, 1.5
mmol), 754 FRI 2 h WA RIMALEY 3 (091 g, 3
mmol), &FI0 1R AREAN 1 IRE S, REL N 6 h, ¥
HIARE, I 30 mL E/KFEE, A aRBPRITENT
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IR DTE, MO, JFH S0/ e -
V=2 DHEN» B2 AREE 0.15 g 7% 25%.
m.p. 194 °C; '"H NMR (CD,Cl,, 400 MHz) J: 7.56~7.54
(m, 2H, ArH), 7.50~7.47 (m, 2H, ArH), 7.37~7.32 (m,
4H, ArH), 3.32 (d, J=8.0 Hz, 4H, SCH,CH,S), 3.16~
3.09 (m, 2H, SCH,), 3.01~2.94 (m 2H, SCH,), 2.73~
2.68 (m, 4H, CH,CN); °C NMR (CD,Cl,, 100 MHz) J:
134.6, 134.1, 129.8, 128.7, 126.8, 126.6, 126.3, 125.8,
125.3, 125.2, 124.1, 117.5, 110.7, 77.3, 77.2, 77.0, 76.7,
31.3,29.5, 09.0. FT-IR v: 2919.5, 2851.2, 2258.6, 1713.5,
1593.8, 1495.9, 1456.3, 1442.8, 1407.1, 1285.6, 1171.3,
918.6, 889.4, 777.3, 754.1 cm '; HRMALDI-TOF-MS
calcd for Co5H,0N,Sg 639.9392, found 639.9383.
323 9-{4-R A -5-[2-2- TR THI-
1,3- = B IR R M -2- 2 F K 13-10-[(4,5- T T A AR
H)-1,3-—FARIR KM -2-2 F 2 1-9,10- = S E(5) 894
P,

FREUL A4 4 (0.49 g, 0.76 mmol) T 100 mL = 13
1, BN 40 mL B 25T IR DU SRR, B b Ay SL RS,
FHAE H i 90 < 28 22 N S AL $6(0.12 g, 0.76 mmol)
MIJEK BRI L) 5 mL, Ar SR F WY 1 he A 2-
A HE (348 mL, 33.00 mmol), 4%%2 /%)% 24 h. JiE
ZRBREVE A, Inid &) =S R i, R sk e
PE, AN, IR oK R T . Hhak, T
TUEW, K= H =S Re Ak D V=4 DHZ
Moy Bsdeal, 19305 AEAIREAE 040 g, =% 76%.
m.p. 113~115 C; "H NMR (CD,Cl, 400 MHz) §: 7.58~
7.40 (m, 4H, ArH), 7.40~7.29 (m, 4H, ArH), 3.82~3.72
(m, 2H, CH,OH), 3.72~3.60 (m, 4H, CH,0OCH,), 3.38~
3.22 (m, 4H, SCH,CH,S), 3.15~2.84 (m, 4H, SCH,),
2.75~2.61 (m, 2H, CH,CN), 2.10~1.96 (m, 1H, OH);
FT-IR v: 3236.9, 2989.8, 2916.6, 2363.3, 1747.4, 1693.3,
1530.7, 1481.5, 1437.7, 1447.9, 1390.5, 1366.9, 1233.3,
1113.2, 1566.0, 1019.7, 900.0, 795.5, 782.7, 755.6 cm ';
HRMALDI-TOF-MS calcd for CyoH,sNO,Sg 674.9651,
found 674.9639.
324 9-{4-F T HEFA-5[2-Q-AT A A RKE) T ARL
LA AR -1,3- Z BARER R M -2- 32 F K]} -10-[(4,5- 2
HAH)-1,3- —BARIR KM -2- T F 2L ]-9,10- = £LE (6)
EREEOY

FREUL A4 5 (0.61 g, 0.88 mmol) T 100 mL = 1)l
H N 40 mL HrZE TR IR DU 0N, I NG R Ty
(0.39 g, 2.80 mmol) il F:- A7 LI S5, N = KL ik
(0.58 g, 2.20 mmol), 1 =R+ o mMABE —H
% . Z.iE(DEAD) (0.5 mL, 3.16 mmol)[fJJ5/K F 2RI
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253 mL, WINFFEE 1 h Ar SR N 4RSS 48 h. g7
B 2= DU G0N, hnadE 0 = S b, T 280K Vi
2k, A NUE, KRR TR, ik,
BEZERR 2 A e, ML SRR AT, WRVERI ) =&
HEEA (Y - V=11 DAEENT 7 S 522, 52000
AR A 015 g, 7% 23.5%. mp. 81~83 C; 'H
NMR (CD,Cl,, 400 MHz) §: 8.03 (d, J=8 Hz, 2H, ArH),
7.49~7.38 (m, 4H, ArH), 7.30~7.22 (m, 4H, ArH), 6.83
(d, J=12 Hz, 2H, ArH), 4.02 (t, J=12 Hz, 2H, CH,0),
3.70~3.58 (m, 4H, CH,OCH,), 3.21 (s, 4H, SCH,CH,S),
3.02~2.74 (m, 4H, SCH,), 2.56~2.48 (m, 2H, CH,CN);
BC NMR (CD,Cl,, 100 MHz) §: 164.0, 142.0, 130.7,
126.9, 126.2, 125.8, 125.7, 124.6, 123.0, 118.2,114.9, 70.7,
69.4, 68.6, 35.9, 31.8, 31.0, 30.2, 19.1; FT-IR v: 2922.8,
2851.9, 2445.6, 2249.6, 1731.7, 1591.6, 1495.8, 1445.3,
1331.8, 1258.9, 1171.3, 1108.3, 1029.0, 919.6, 857.2,
842.8, 800.6, 780.5, 750.8, 689.2, 674.8, 656.8 cm .
HRMALDI-TOF-MS calcd for C;sH,sN,04Ss 795.9815;
found 795.9814.
3.3 &Y 4 BIREHENE

BB G 4 T AR D v=1:1)
MR, JURJE ST LA 2 H vk it . IR UK/
A 043 mmX0.17 mmX0.15 mm K& E T Bruker
SMART APEX II CCD i b & A & ads i
b Mo Ka (A=0.071073 nm) 5} £k 4 58 56U, 7
295(2) K W FedE. 4 2.31°<<6<<25.50°5H N L w
J7 BT, WBRAEEC — 12<h<<12, —18<<k<19,
—21<U<21 LT 22074 RIS, Forboph ST AT
RH 10576 [R(int)=0.0368]. 4= B0 (1134 J5 A 1
Bruker SAINT FI Saintchart #2758 718, FH & 561k
BIE. SR AR S5 i 2 (SHEXLS97) fig i 19 A& st
TP AAAR R ALE LA 26 225 Fourier £ B il B24 &
(17, WA ARE T AR B & 1n) S S A T A P A
INZIRPAEIE. AL RN R=0.0608, wR=0.1614 [I>
26(1)]; R=0.1114, wR,=0.1919(F1 5 $is). {rm& 2
TZEH, (Ap)max=1.170 /A, (Ap)mn=—0.546 e/A>.
WAEY) 2a AR CAF TSI d A4S 2 1L CcCDC
52 974690.
34 HBUFEMHER

A2 S0 SR AR UE I T R R % — AR &R, DU
AR (D=2 mm)fE N TAEHI, Ag-AgCl HIMRAE N Z1h
LM, 22 F R AR O i AR, LA 0.1 moledm 3 )
n-Bu,NPF, VF N SR HUMR R, 136 E N 100 mVes ™',
FESRAE R 5X10% moledm 3, —SH L/ 2V : v=
1 DAESEAL BResesnr, TR ALO, #iR{E
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JE R AT BE, 3 BRI A b, T e A
35 FKAKIEEMNENEY 6 MK ITHERZ 8 BF
I IER

SN WOGIEAE ] UV-3100 848 0] WG EACHEAT
M. BRI - v=1:1), L =&
e 28 SR A5 [P T 28I AL B S Al T, 266 W T
AT, R T AR AR SR E N 2.0 X
107° moledm °, 4:J& & ¥ N AR, WEN 0.01
moledm 3, WA T (O RELAE £ 5. AT 40 Al ki
W S B6 A AE R L e, IS S EORE N K E
3200~800 nm, 4 A 300 nm/min, FREE T LK 2
nm. J5E K148 74 0.01 moledm * ) Na*, K*, Ag”,
AP, Ba?", S¢*", Pb* Ml Zn* T T

4 B A1kl (Supporting Information) L& #6/1'H (°C)
NMR, FT-IRFIMSH% K5 A6 & 46 5 DY SO0 2R R A
& JEE (ALY, P> ISR AN AR LU R Ak &
61 AN N PU SR SBR[ 58 ARG AR Ak, X Rk} nT DL 4
2 WASTI M4 i (http://sioc-journal.cn/) | 3%
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