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Synthesis, Photophysical and Electrochemical Properties of Fluorine-
containing Aryl-1,3,4-oxadiazole

ZHU, Wan-Qiang* TANG, Guo-Feng ~ GOU, Hua
(Department of Chemistry, Zunyi Normal College, Zunyi 563002)

Abstract A series of novel 1,3,4-oxadiazole derivatives containing F and CF; groups were synthesized and
their optical and electrochemical properties were studied. The result showed that the compounds containing
CF; had lower LUMO levels than those containing no fluoro group, but the phenyl unit containing four F

groups in 1,3,4-oxadiazole compound had no significant effect on its photo-electric properties.
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1 SLIGERSY

1.1 XEEFARF

PRI R TN BAE TR, E WRS-1A E s SE i b
Mg, 'H{PCYM F NMR T Bruker DRX 300 (300
MHz) #% 5 3C 4 A BN E 5 2R AR A6 % 23 3l 18 1]
Hitachi UV 2810 1 Hitachi F-4500 1. HEAL -1 AE
FEIAR 2238, LLO0.1 moleL ™' Y JE m S IR B 1) 2. i
VAV R SRR LR, 0.1 moleL ™' AgNOy/Ag N5 L HLHK,
Pt GEl A A TAE s, Pt 2 g xhedl, @A T
CHI 600 Ak T /E 3k Lk, 20 4 6 3% AR) 1L
Nicolet spectrometer (KBr H J); JCZ M1 i& Carlo
Erba 1106 elemental analyzer; HPLC -J* Perkin Elmer LC
AT S HTEEAE HPS989A A 3RS,

BT JERE 2,3,5,6-DU56(-1,4-5%F 25 — FREESCR Tolldh,
AT N R 2ith: (DA THF $F IR IRk 2:5k
1 QI ARG 5 A SOCL, &R 3 h 5
ZENRIR 25 5 SOCL,. 4-BU T FEAR IR, 3- = HUH IR
FEBRIEART 1,4-56F 25— R IR S SR 7 v i 4%

A& WE. . THF. Et;N F1 DMF $ &4k 45
TG, S EmAAI. LA e, RO
AbER EEAE .

12 AR

DA% 6 2 I bR R0 o) — 5% 66— R G L 4 TR,
TR KRG Y, DL R TR 4 i A D AR B H
FRA=)(M1, M2, M3 F1 M4), BARS g2k an a1 Br
IR B O R BT AR A I R

M1: ¥ 2.7 g (14 mmol) BT FEIK H I JIF i i
20 mL DMF %74, FIIA 1.5 g (14 mmol) EGN, it
BI5]; SAE— TN 2 g (7.2 mmol) 2,3,5,6-PU -1,4-
X ARG 100 mL (5 RN, BRI 20 mL
CH,CL ¥ 72 0~5 CHAFT, KSR T HxH
EIEAN EGN IRTR SV, 18180 N3 2,3,5,6-PU - 1,4-%F
TORFIERE IR, WO S RN 8 hE, K R N AR
NZEWRKA, BEFE 30 min, $ 42 R T { - [2-(4-
AT IR HE)]-(2,3,5,6)- VU - 1,40 2K W E ) a8, OF
MAKBER BE, TEASEM T8 8 h, ¥UliEH
THF FE&5 5, 13 2.3 ¢ AR, 77% 55%.

B LT BT A3 2 A R AR [2-4- 0T R R R )]-

(2,3,5,6)-PUg-1, 4-XF 4 —WEMF)2 g (3.4 mmol)F 25 mL
(42 g, 272 mmol) POCL R4, [HIUi 8 h Ji5, A &1k,
PRI SOV IR S EIAK T, HiFE 20 min, 73324 CTIE;
PUEZIEIE. AKBERI P e, BT, T THF thEg;
F R, A ATEE 0.67 g M1, 7 36%, m.p.>>300
‘C; '"H NMR (CDCl;, 300 MHz) d: 8.06 (d, J=8.7 Hz,
4H), 7.66 (d, J=9.0 Hz, 4H), 1.39 (s, 18H ); “C NMR
(CDCls, 300 MHz) d: 166.2, 156.5, 154.7, 146.1, 144.5,
127.3, 126.3, 120.2, 35.2, 31.1; YF NMR (CDCl;, 300
MHz) d: 134.87 (s, 4F); MS m/z (%): 551 (M"+1, 100).
Anal. calcd for C3gH,60,N4F4: C 65.45, H4.76, N 10.18, F
13.80; found C 65.11, H 4.73, N 10.02, F 13.69; HPLC:
99.6%.

M2 [ M1 G T, 1351 0.8 g WAy s 4 1) S i
M2, 773 40.6%, m.p. 252~253 C; 'H NMR (CDCl,,
300 MHz) §: 8.44 (s, 2H), 8.40 (d, J=8.4 Hz, 2H), 7.89 (d,
J=17.8 Hz, 2H), 7.77 (t, J=8.1 Hz, 2H); "°F NMR (CDCl;,
300 MHz) 6: 134.19 (s, 4F), 63.42 (s, 6F); IR (KBr) v:
3080, 1614, 1414, 1548, 1315, 1171, 1070, 706 cm ™ '; MS
mlz (%): 575 M "+ 1, 100 ). Anal. caled for
Co4HsO,N4Fo: C 50.19, H 1.40, N 9.76, F 33.08; found C
50.26, H 1.41, N 9.66, F 33.08; HPLC: 98.3%.

M3 [il M1 & 07, £9501.0 g L shA M3, 5~
% 51.5%, m.p.>>300 C; '"H NMR (CDCls;, 300 MHz) o:
8.33 (s, 4H), 8.10 (d, J=8.4 Hz, 4H), 7.58 (d, J=8.4 Hz,
4H), 1.39 (s, 18H); IR (KBr) v: 3061, 1614, 1410, 1549,
1362, 1076, 718 cm'; MS m/z (%): 480 (M"+2, 100).
Anal. calcd for C;)H300,N4: C 75.29, H 6.32, N 11.71;
found C 75.25, H 6.28, N 11.65.

M4 12 SCHR[8] 77 kG i, #331 0.618 g 10 i 4 M4,
FEE 50%, mp. 172~173 ‘C; 'H NMR (CDCl;, 300
MHz) 6: 8.29 (d, J=7.8 Hz, 4H), 7.84 (d, J=8.1 Hz, 4H);
F NMR (CDCls, 300 MHz) 6: 63.55 (s, 6F); IR (KBr) v:
3082, 1623, 1427, 1554, 1323, 1063, 714 cm'; MS m/z
(%): 357 (M+—1, 57). Anal. caled for C;cHsON,F4: C
53.64, H 2.25, N 7.82, F 31.82; found C 53.59, H 2.51, N
7.85, F 31.82; HPLC: 99.6%.
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Scheme 1  Synthetic route of the compounds
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= LR R AT I, X e R P SR A
B, 2R BB F B, B TR B N it S
B FI(DMF/CH,CL)PE Ry S N A, 4 J50R i P 7
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22 EMHISEBEMER

22.1 Aebdh ey T IL(UV-visible) B i A= 5K A
(photoluminescence) % 4 1%

AW UV-PL Wl 5E #5275 CHLCL 3 iE AT 1.
FEEAN -] OGS, 51X &4 M3(5x
KIICAE 320 nm)AH L, M1 B RWKIE IAL B AE 320
nm, A7FFED. WIS M2 7F 307 nm, 7747 13 nm
MR, M4 £ 283 nm, /=47 37 nm M5, M4 ;=&
MEBRER K, TEEHTEMS PR RIK
FEARXT BRI 2. R UE, LRI NI A YRR MR
WO, Bl PO R E RN, LBk R, A
IR AT 5 B ) K T M B P AR AR R, R
BT MBS A R, ik, M4 7R TR M
5 M3 AL, R AR KRSOE A F), X e RESE BT
AR FJSUFAE ML A& AT 237 o P TR IR 6 B
B, A B A R, H5r T 2RI EC—F
BT C—H 8, F U7 15 T 58 48 M1 2> T
LUMO iR 4 FEAIG, 17 HOMO A /b8 hn, S5 M1

FHIFEEET5E(369 nm, onset)th M3 43T 24HT T
(359 nm, onset)2LAZIT 10 nm, X155 LU R AL A BT 15
i OB, [FFE, M1 5 M3 4y 71K PL(EO6) K
S LA AL R(20 nm). M2 2r T RHAL &)
(T A B 00 (10 A 5 R0 A 5 TN R fL 5 1 (CFy),
AHXST M3 70 78 B KRNSO E T % (13 nm).
JIT 4558 A0 W Il 2 () 2 46 {F (omset), AR 4 2 30 EY
(eV)=1240/A (nm), 5 H M1, M2, M3 F1 M4 [f])624 15
BEAN I 3,35, 3.52, 3.45,3.90 eV. FAME M2 [ [E K¢
JeRAHEIET, 378 nm A —NLRM CJFIE” ) X
BT M2 27 A 0 SRS TR A7 b 5N IR 1 356 4]
(CF)i gafr). BUMAEA WAL G W AREs, 7
[F) T RIT IR IR “REHERL” 115 [RE 622 P (R AN
ek LR ARG, WX “HEHERL” A
TE RIS T 1 TR 6 BRI AR 52 2 BEAS, B2 5 mi 4y
T RE S AL, AT AE T 45 2 R 6 15 A et B
PEGR R A HLR G512 18] B A7 AE 357 31 1 BH T
TIXMHER, WA S R A TR RE R R A e
R HHEL TR0 M2 R 12 R S 1S 56
UE T IX MM, A0 RRIE S 2 T A & X R
L, XIS EARYIE, WE M4 77, JEAR
B TG D H B
222 by e g
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LA(n-Bu);NC1O,4 (0.1 mol-L™ ")y S+ HUfiR 1) CH,Cly
CH;CN RSV - V=3 1)Fhidktr, SRL&WI
WIEREI M 0.001 moleL ™!, BL Ag/AgNO; (0.001 moleL ")k
ZLGH, Pt R B FRARAE Ry TAEFEA, Pt 22 6] Ll Ha A,
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Figure 1 UV-visible absorption and photoluminescence spectra of compounds

FHEHEAR N 100 mV/s, SFIE. X HIFHE AT 5 M3
(AL 2R LR, % ML, M2 [ CV g 5 RIR T —
skl b, eGP i = Bl IR 1.

M 2 (1 CV I g H, XA RGP
=38 JE Ve U B BRI AR L vl ik, JLAMGE )
IS S 7 AN R R AR A IR SRR R, I BLE IR X B
EHMAE. EEXE CV gk, M1, M2, M3, M4 Jf
UHEAL I LA (onset) 70 I AE 1.15, 1.15, 1.22, 1.14 V; 5
A IRy B UG A FELA 2 I AE 1.38, 1.41, 1.41, 1.36 V. 4
AR Epomoy= —e (Emat4.4V) eV 1] LUK A e AT
HOMO {85l &—5.78, —5.81, —5.81, —5.76 eV. [
FEMAX [ CV 2 a] LUAS 2 e AT 038 i e A
(peak) Mk b —1.88, —1.70, —1.90, —1.91 V; L&Y
1) LUMO f{H, E(LUMO):_e(E;ggk+4-4V) eV, 73l A
—2.52, —2.70, —2.50, —2.49 V. 7f_L[fift) HOMO {#
5 EY M3 L, Hee L MEE YR HOMO A
AR, 3K PRk 45 R AR AL IR Ak & 0 v B8 R 1 19

HOMO U A I RE R, IR HOMO

Se PRI, (H2 8 HOMO 184 e mit™), ik
M1 () HOMO fELE M3 Fm. W B A2
LUMO {47 & # 50, 224l LUMO {5 [4{; M2 55 M3
LLAR, A 0.20 V [FFRAE; 1 M1 5 M3 LEHA 0.02 eV,
FERE A, M1 5 M2 L, LUMO {54 0.18 eV 1)
AR, BLUIAL T2 TR IRALE 1 2,3,5,6- VU 3K oot
AP LUMO sZmA K, HATAT-40F Bl e 47 1
[RIW LT 1K) CF5 24 J& LUMO B = AR A8 Ak (1 S5 R R4
AR (Ef'= LUMO —HOMO) 1J LA 73 H i JLAME A5 9 1
FAL 2445 5 0 IS 3.26, 3.11,3.31,3.27 eV.

ER AL A I EP 5 ES, M1, M3 (#6571 58
5% B BAGSENT SRS AF G A — 28, M2 5 M4 £ G
B2 BIRTE, ER IR KT Ey, IXAESCER[13]H
WA X RGO, AH B R U IR R, T 7E SCrk[14] 0,
L E A IS, A EX W BN T ES
XA A R IR R, LA — AR

1S M1, M2, M3 F1 M4 [ b2 S
Table 1 Electrochemical data of M1, M2, M3 and M4
wEY Epeak(redyV (vs. Ag/AgNO;) Epeak (ox)/V (vs. Ag/AgNO3) Erymo/eV  Enyomo/eV Egl /eV  EF/eV
M1 —1.88 1.38 —2.52 —5.78 3.26 3.35
M2 —1.70 1.41 —2.70 —5.81 3.11 3.52
M3 —1.90 1.41 —2.50 —5.81 3.31 3.45
M4 —1.91 1.36 —2.49 —5.76 3.27 3.90
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Figure 2 Cyclic voltammograms of compounds
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