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¢ E N RARE 63916 #EA b5 100000)
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Fe-d-(4- T LI 275 HE)-5,5- T HI -2, 5- A I (DCDHF-2-V) L fith, 73 BIAE SRR = Z R 4847 DAL, T
SRS AE A S B 5 R BT = BB B4 (¥ 2E €4 41 43 7 EFC-OH, EFC-OBu Ml EFC-OBe. W i3t 4 shik
PARTC R T RAERAIN T L. SRE AT AR, = PO ERE R IF, JLrh EFC-OBe [RI30/ il 55 (Ty) e
K 278.6 °C. WEUE (10 58 45 R K W], EFC-OBe 19 Ml Ze M 62 S8 (ePros mm) i, 4 47149X107* esu. H§iX
SR T Ty AHA B 5 RGBS 1K () DCDHF-2-V ) FHETXFLL, 45 R WA 5 R (K I A 437 i sz
PERERZ AN K, (ARE R E &7 T pgf fH— MR R L.

R AR FBE R BRE S IT(TGA), WER (%

Synthesis of Novel Organic Nonlinear Optical Chromophores
and the Enhancement of Electro-optic Activity of the
Additional Donors

You, Yingcai“ Tang, Xianzhong™* Tang, Xiang” Jia, Kunpeng” Wang, Yang’
Li, Yushu® Zhang, Yu*
(“ State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and
Technology of China, Chengdu 610054)
(* People’s Liberation Army 63916 Troops, Beijing 100000)

Abstract In order to study the impact of different additional donors on molecular thermal decomposition temperature (7y)
value of the chromophores as well as the second polarization (u,f) value. Three novel materials EFC-OH, EFC-OBu and EFC-
OBe were synthesized by attaching additional donors to the benzene ring based on the reported 2-[ {4-(4-diethylamino)sty-
reneyl}-3-cyano-5,5-dimethyl-5H-furan-2-ylidene]malononitrile (DCDHF-2-V). The three chromophores were characterized
by "H NMR, '*C NHR, FT-IR and elemental analysis. The T value was determined by TGA testing, and the result showed that
three molecules had a good thermal performance. EFC-OBe processing a Ty of 278.6 C showed the best among these mole-
cules. The hyperpolarizability was measured and calculated by solvatochromism method. EFC-OBe still showed the best y,f
value of 4.7149X10™* esu. Comparing to the DCDHF-2-V without additional donors on Ty value and u,f value, additional
donors had little effect on 7, value while achieved an improvement of one order of magnitude in x,f values, which indicates
that the molecules can work in high temperature and performance better in optics.

Keywords nonlinear optics; additional donor; thermogravimetic analysis (TGA); solvatochromism
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[K %, Dalton 257V 4 AL T 31X — ol 80 )38 ok #7 3L BT
GER) B NP SRR D7 VA — R R T IX
] . it 5 6 1K AR T AN RN, SR R PERE
(A €8 P A e SR, LT B (G — e 28 T
HUAR L 1 A= 8 (41 43 7 34 42 3 3o i N S 4 25 46 K B 1k 4y
?éﬁ EIEEI[IZ’“14].

SRIM, IR S B A SL O £ 4 1R il A7
TEA . T IR T I ILYOMT 2 2 s gk, T
KD S A T 7 A2 (A7 BEL 2SN AT 45 2% B 1) 7 1D 465 44 e 2B
i, FEORATERB A, T TR e
BEUL ok, AR T R H AT R R
BRI, W FR S ) R e B SR R I
IRER b, TR B 25 AR 2830 b BR7F R A R g X
— A RS b, A TR AT HE I 1 S B
TR B R R b, A SR A AN AR E P B
A THER T IIRE, BCN T “HHBhAR” , AT sk
W, BB ARG, AMEARS G T 10 b,
St A pre ik

S, H AT RCE OS5 AR5 I N
WETL o1 I SEARPERE, (AR 5 Bh 45 AR e [ — P oy
Frp b Re A AR I — ) U AR TE. T, AR
2 RTEHIREN R - ORIERIG R 2RIt
7L &% TCF 514 () DCDHF-2-V 4> TSRk gt TN
W, TEIXPPAE € [ 53 7 19 [R] — N7 B CRPR L Jgs
(IR ) Lo BT INFRIE . T 4838 DA R R A28 =P g i)
R REA AAR R AR B A, & R0 T =P B4 1) A= ¢ 4]
3, MR GRS R RT, X =M A5+
(PIFPERE DL R AR St e 2= M RE W sE M b AT 1% LT
1 #R5iT1E
1.1 ERREITie

EFC-OH, EFC-OBu, EFC-OBe!' " = 4> 1 &5 Jil 4 2%
U1 Scheme 1 fi7s.

KM Vilsmeier WA K 4-NN-_ CLfGFE-2-F5 3~
2K W (EFO-OH). ilid Williamson [V & 4-N,N-—
LNEFE-2- T S A I (EFO-OBu) Al 4-N,N-—" £ il Fik-
2- AR KK T (EFO-OBe). M iR KR IERL S, VIR
K A 55 s 5 Wi KoCOs 1E My fiE 4L 7). EFO-OBe (19045 55
B, AT DLAE SOV 2R R NV KA L A Ol AR, R
ali%s 5. EFO-OBu [P0 MUK, 765 TR, 615
RN 42 (%) EFO-OH %5 fi#+ EFO-OBu A&,
DL, T2 R AT i 18 7249 246 1) EFO-OBu.

KRS A W E AP, =R FAENR
WE (40T 3858 2 AR AR N (1) =4, o, EFC-OH Al
EFC-OBe 1] DL B 45 I\ S WA 2 rh &5 S 15 B4l =),
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Figure 1 TGA thermogram of the three chromophores

K ST = 7 7 A RIELE Ty M (AR
5%ih) 5 CIREAE 45741 DCDHF-2-V 437"t
T, 5B TR 1 . XTERIL, InAGB SRS,
=PGRS T Ty (HAK, EFC-OBu A%, b
DCDHF-2-V 4 7% T 1.5 C; EFC-OBe #f s I i
b, ARG Bh g A3 T 8.6 C.

RHI T Hr A e iy J U A 1 1 1800y
fRLE. PTLLE R, Bk FTC 4r 14, —BAEMHE 1)
TofHZITE 200 2% 250 CLeA 2045 sty = A ¢ 141 43
T HAT BT AT E M.
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Table 1 The comparison of the chromophores on Ty value and u,f value
Chromophore =~ EFC-OH EFC-OBu EFC-OBe = DCDHF-2-V EFNC EFFC FTC Al
T,/C 2712 268.5 278.6 250 250° 3157 253¢
pgB/(10~* esu) ) y . 17576° -
(1064 nm) 16910 24640 47149 6520 59706 31935 (1900 nm)

“Data from Ref. [18]; ® Data from Ref. [23]; ¢ Data from Ref. [22]; ¢ Data from Ref. [7]; ¢ Data from Ref. [15].

2.3 FEZMEEFIEEE

EFC-OH, EFC-OBu fil EFC-OBe 4l #t 1 £ [,
PA A0 FRSIE B P S T L A R A, T DR ok 152
I, 23 I SE =R RHEIX 3 R R i Sh—)
IO, A SRS 1) 2 8 S S it W3R 2.

R 737 AEA [ 77 1R 5 b=l DL o' % DL A
HOGSE B Hod, ¥ 308 ¢4,30:%4 2%} EFC-OH, EFC-
OBu # EFC-OBe 73 1) uof (HBEAT T tH 5, JHR Pt
5 CAHRIE R B ARt AR O B T X B, A SREL
P WA 1. BA-ar WO 1% 8] 2.

1— EFC-OBe in ethyl acetate
2— EFC-OBe in acetone
3— EFC-OBe in DMSO
4 — EFC-OBu in ethyl acetate
3.0, 5— EFC-OBu in acetone 7
| 6— EFC-OBu in DMSO
25 ;: E'Eg:g: .in eth)tll acetate

1 9—EFC-OH in DMSO
2.0+

1.5+

Abs.

1.0
0.5

0.0

3C|)0 I 460 ' 560 ' 660 I 7(|JO I
Wavelength/nm
B2 3 M AE = A RV R v AR 2R S b=l G &

Figure 2 UV-Vis spectra of the three chromophores in different
solvents

T LIFF], EFC-OH th B4 4RiE ) DCDHF-2-V [
wp AHER = T — N, MHNE), EFC-OBu 45 EFC-
OBe YWH B KMEEZ#E 5, Hr, EFC-OBe #fLt DCDHF-

2-V #mm %, 15 7 55U L, M s> 1) EFC-OH (1)
wef AEARSE AR NN B 25 PR AT 13T 3 1%

FEZRIR R S AR R AL L5 NG Bh R K5, 43 T
wB EB LT BN B2 R OK, X AT Re O N OA A
DCDHF-2-V 731, AR 58 80, M1
T4 BT RE TS LW LR 2R, 28
WL T Re ), AR AR R A T
BRI TR R, B IR T RE ) B, T
JLAE BT RE D)8 9Y, (HSEPR I EFC-OH X M g {H /N,
AT R IX AT HE K EFC-OH 1837 A7 16 43 1 1)
SUBEER, T AR T L R, A T R
TN FEEER TR I 52 2 T 52, %
TN AT I 2 AR5 D-n-A R IA R B K
PN AR AR TP R IACK R 4F. EFC-OBe XM 1,
i K, EFC-OBu X2, 1K KR4 SE K45 Fa 7
KT THE

MR 1 H B IR Lo v] LU B, gl ok
LRI A A A 107% esu B 2. i 7E 3LHamT
HOI AR R B 20 H 3 IR T 4 1 2 - I R g M
WK, upH—IIAE 107 esu DAL @G| N dfiBhgs
&, P S AR E] T 10 esu g g, nI I, %l
B 25 AR IR 5] NTE$E T 7 e R AR 26 5 T A RO AL 34
(). TS KR 431 (W1 EFFC 8L EFNC) 1 5| A
AR, AR BB R, R SREA R 1
gE ARt oy

W] [ — 2 EAN VA Bh gh AR IR R LU AR, B
g, AT TARERIREE, AL I E ] TIX
—RA WAL A AT, I AR b R A3
Bl KRR T, Lk, T8R4 Bh A AR TR 4

K2 WEHISERAF I Sb- ] L

Table 2 Solvent parameters and UV-Vis spectral data in different solvents

Parameter EFC-OH EFC-OBu EFC-OBe
10 %! o 10 *ema/ - 10 %! . o
Solvent  Dielectric Refraction Density d/ fmad 1050y fmaxl1075¢) Emad = 075¢y
conste Indexn (geem ) “max/NIN (Lemol "~ (moleL ") max/nM (Lemol "= (moleL ') #max/nM (Lemol “= (molsL™ "
m ! cm ) cm )

Ethyl acetate  6.03 1.37239  0.9006 577 1.9075 9.15 577 2.3252 8.36 574 2.8285 6.89
Acetone 20.5 1.3588  0.7899 584 2.9228 6.62 588 5.2318 3.72 591 3.2326 6.03
DMSO 48.9 1.477 1.0958 602 3.3558 5.77 607 6.5397 2.97 607 5.657 3.44
532 http://sioc-journal.cn/ © 2013 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2013, 33, 530~534
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Fe TR Ik e s A 220, (HaX — AR FER A
R R T R, TEH 5 A TR AL SR B ) i
I, BV AT DU I I8 2% o LT 3R A BRI 2 M
JREG w)a, BRI A AP R IR wp H
AR, AR H T FRIEAEAE NS PE, DRl o] DA% R IX
—or il Williamson WV B #2232 32 21 56 A W O ik
b, RS N AR A SR A I, T ] R R B
FER ARG Ik fE.

2 Zig

W IEA T =M A ARG B 45 R A HLAEZR
PRS2 4 414> F EFC-OH, EFC-OBu #1 EFC-OBe. /1]
IR i, "H NMR LK ot E e A 41 4 7l AT T 3%
fiE, WIAFEE M IERE. & TGA MIRES5 R, =Mor7
HHAT RAF R FE e v, IS ARG = P #hdy
fililh K23 AE 268 CLA |, b, EFC-OBe 1) Ty i,
H278.6 C. HHBI RTING5> T [ 3Fe e P AN
K. EBECR AL R, MARBSHG, Ef
B0 AR L e M RE 3 O E 4 . R,
EFC-OBe 1) u B titec i, A 47149X 10 * esu, &4
254K DCDHF-2-V > F 1 7 /5 0A L. 25 1, BB AR
I A2 PRS2 A/, R BB R RESE & T 20 711
ek toe2ithfe. ML TERER T A3, S A
AR AR B 1 B L AR RE AR RE. X —2K
B B AR A Ao 1 BAT ARG S L Y FH A5
3 XEIHN
3.1 UEHIKF

A i3 FTIR-8400 ZL4MG14X; Brucker avance-
300 BURZREILHRIX; Vario EL G HTA; AL ATHE I AS
O H) X-5 453 e R AE T U(TGA) N 26 H TA
AF QS50 M, FAAN, WEN 40 mL/min, FRELEE
320 C/min; HA B AR A1) UV-2450 Bk 4hAT
WA e e, TAEMIE N 1064 nm.

TCF ¥ 3CHR[715 %, m.p. 200~203 ‘C (CHk{E":
200~203 C); He il A s thral.

32 WA
32.1 4-N,N-= T WK -2-% K- KF 8 (EFO-OH) 49
LA,

VKB, =& S 20.00 g (0.130 mol)ii A F
27.78 g (0.380 mol) DMF 1, ¥R RTE 25 C FAR¥E 1 h,
PREEEVKIB R INN 3-FRFE-NN- LKL 1111 g
(0.067 mol), HELELE 25, 45, 65 F1 100 C N4 IR 1,
0.5,0.5,0.8 h )5, ¥WHI R, MA 400 mL /K, Hidk2h
Jei, T 30% S AL B KT Y pH (E 2 4~5, BiFk 0.6
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h Jaidug, FHAKVESIEDEE N R, ST 2
REE SN, TG, R ER K 8.02g, 7F 62.96%.
IR (KBr) v: 2975, 1631, 1560, 1521, 1446, 1417, 1338,
1303, 1240, 1188, 1128, 1080, 1012 cm .
322 2-ZHREFHK3-FIHK-4-4-Z TR -2-7K-
R UM #)-5,5-=F 3-2,5- = S.rk "h (EFC-OH)#4 4~ %,

H{ 0.13 g (0.673 mmol) EFO-OH 5 0.10 g (0.502
mmol) TCF - 20 mL L #idt, AR, [HIT
BRI 3 TURNE1E N AL, R RNITT R A iR ER A,
SV 3 h JEAR AR, RNV EPIERE 24 h G HE, A
CPEURGIEDE, 1R R AN A, TR 0.14
g, PP 75.55%. m.p. 247~248 ‘C; 'H NMR (CDCl;,
300 MHz) 6 : 1.25 (t, J=17.1 Hz, 6H), 1.55 (s, 6H), 3.45
(d, J=21 Hz, 4H), 5.35 (s, 1H), 6.04 (d, J=2.7 Hz, 1H),
6.37 (q, J=11.1 Hz, 1H), 6.76~6.91 (m, 1H), 7.47~7.61
(m, 1H), 8.10 (d, J=15.6 Hz, 1H); “C NMR (CDCl, 75
MHz) 6: 13.6, 16.6, 26.1, 45.0, 45.8, 95.0, 99.9, 101.5,
106.6, 107.3, 114.4, 116.3, 129.1, 131.2, 135.1, 151.1,
159.3, 194.9; IR (KBr) v: 3271, 2983, 2221, 1620, 1529,
1487, 1407, 1342, 1317, 1257, 1186, 1103, 1072 cm .
Anal. calcd for C,,H,N4O,: C 70.88, H 5.63, N 14.83;
found C 70.57, H 5.92, N 14.96.
323 4-NN-=THH-2-T 83K F B (EFO-OBu)
ERECDY

X 0.50 g (2.59 mmol) EFO-OH ¥ - 10 mL 74 /i
H. 5L 1.07 g (7.80 mmol) FEIER R A i 30 mL PR
Pie B R, IR A, B FEE 2 he AR5
A 1.07 g (7.8 mol) C4HoBr, M3 24 h. ZE LR, A
50 mL 7K, FH SR BEAIAS BIRRLL ERA, UL
1D SR e O DRI, A R A
FIRFLL WA 045 g, 773 69.75%. IR (KBr) v: 2970,
2758, 2358, 1731, 1650, 1519, 1456, 1404, 1338, 1213,
1112, 1076, 1010 cm .
324 2-Z AL FA3-RIEA4-@-ZTEA2-TAR
KU H)-5,5- = F #-2,5- = A7k % (EFC-OBu) %9
=y

I 0.45 g (1.80 mmol) EFO-OBu #1 0.36 g (1.80
mmol) TCF T 20 mL Z B st M bl, Bt
URIFRIN S URIEAE N AL, SN 3 he [N =i &
24 h IR, R E POREMA, BT S b
VR, AR A, SRR AR 048 g, mE
61.78%. m.p. 253~254 °C; '"H NMR (CDCls, 300 MHz)
5 1.02 (t, J=14.7 Hz, 3H), 1.27 (t, J=14.1 Hz, 6H),
1.52~1.61 (m, 2H), 1.72 (s, 6H), 1.836~1.927 (m, 2H),
3.49 (d, J=21 Hz, 4H), 4.06 (t, J=12.6 Hz, 2H), 6.05 (s,
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1H), 6.36 (d, J=9.3 Hz, 1H), 6.84 (d, J=15.9 Hz, 1H),
7.27 (s, 1H), 7.50 (d, J=9.3 Hz, 1H), 8.02 (d, J=15.9 Hz,
1H); *C NMR (CDCls, 75 MHz) ¢: 14.4, 16.1, 21.1, 27.1,
33.0, 45.7, 46.9, 70.4, 95.3, 99.5, 102.0, 106.0, 107.9,
115.1, 117.8, 129.0, 132.2, 136.0, 149.7, 157.8, 164.3,
196.2; IR (KBr) v: 2958, 2358, 2223, 1521, 1502, 1427,
1390, 1334, 1313, 1251, 1188, 1157, 1108, 1072, 1016
cm ! Anal. caled for CyH;zoN,O,: C 72.79, H 7.15, N
12.68, found C 72.53, H 7.02, N 13.01.

3.2.5 4-N,N-= T &35 -2-5F 25 -K ¥ B (EFO-OBe)
8948 AR,

12.0.50 g (2.60 mmol) EFO-OH #11.07 g (7.80 mmol)
IRV T 10 mL DMF . E=3 FHERE 1 h, 2857
A 1.33 g (7.80 mmol)JRAL~, & 100 C ke 12 h. A
Ja B R NAR RBINGKK R, Bk 2 h JEHE, R
FHRALI IR L [E 4K 0.65 g, 773K 88.65%. IR (KBr) v:
2966, 2837, 1645, 1593, 1523, 1454, 1392, 1274, 1240,
1207, 1153, 1116, 1074, 1000, 914, 808, 700 cm .

326 2-—HEFHEI-FH A 4G TELA2-FEA
R T H)-5,5-= 9 #-2,5- = Svk"h(EFC-OBe)#9
AR

EFC-OBe )4 )51 5 EFC-OH ()4 15 %—4%,
RN 5E G HhE, VA SRR RT3 B4k 0
WA 0.67 g, 775 81.74%. m.p. 255~256 ‘C; 'H NMR
(CDCls, 300 MHz) d: 1.24 (t, J=11.4 Hz, 6H), 1.56 (s,
6H), 3.48 (d, J=6 Hz, 4H), 5.18 (s, 2H), 6.15 (s, 1H), 6.38
(d, J=8.7 Hz, 1H), 6.76 (d, J=15.9 Hz, 1H), 7.26~7.52
(m, 6H), 8.08 (d, J=15.9 Hz, 1H); IR (KBr) v: 2979, 2221,
1618, 1525, 1506, 1488, 1425, 1396, 1330, 1249, 1190,
1124, 1074 cm™". Anal. caled for CooHysN4O,: C 75.22, H
6.34, N 11.75; found C 74.98, H 6.07, N 12.06.
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