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4-(Dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4 H-pyran (DCM) derivatives were synthesized by Knoevenagel
condensation. They are red-emitting materials for OLED (Organic Light-Emitting Diode) composed of electron donor of amino-
styryl groups and electron acceptor of two cyano(nitrile)groups in a conjugated structure. The structural properties of reaction
products were analyzed by FT-IR and 'H-NMR spectroscopy. The thermal stabilities and reactivities were measured by melting
points and yields. The UV-visible and PL properties can be determined by exitation and emission spectra, respectively.
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e 1Ee] AR AlUlE golste], ofe] tiu]sh A= m|
A8 gaEgolazte] At FoRUE FoAEI itk 4
2}, AR, Balikglo] wdshaA A, AteAEA] B JRE 7t
Sk Al&etar AekskA YAt sk @7F Wobx|aL 9low, Hat
Al FhshdaA & o Sl taEdo] Ao gt ddil=e] S
+ 71%9] CRT (cathode ray tube)t} LCD (liquid crystal display)TtS.
Z2E 5 A Hdok

CRT+ WA gle] 2= & A7, S39 37 sz o] At
gL shs wido] itk EEE LCD= FEAAbEA WEto] E(back
light)$} QI7FS el ok o] FetAg-E o] g2l ke FEekA
dokz A omA, Alofzto] Frbe A HAME T
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E(contrast) 5 3

A3b17} olsiths WS 7 glek ol3tel hsiA Al 38t
93 Gt 24F dagaelade 9Ye s, AANEA LA

L (electroluminescence)
ojtt.
f71 EL& #71& =57 dEs B FlE AA

(electron) 2} “d F(hole)©] A T(recombination)d}e] ©17] 2K exciton)
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FAdstaL, FR o7IARFE Y oAl gJste] EAE 9o
o] AYEH= AH1]2.E, 1963 Pope ol <]3l] Tr7l“ T 4dEd
E g} Al(anthracene) 2] WA 0 2 HE Hx2 WAFESITH2].
1 %, 1987 KodakA}2] Tang £°] HL»PZOE F712 8 ER]
Algs, 3550 % TPDERL 8k ©l%3 At f71% 9y
Asto] AALTE 13| % 9 OLEDZ 7HHL—O‘]'MvL, &7 Ao
A 5] g AFete] ARA ARE ]88 /7] E
taZdels /Mdslels myo] 2AF R AZEITH3].
71 ELE AEe 712442 3] dgdo R AR5
of §7183=9] Fe72E MIAA FAoZFE HA7HA
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&AL AE Utk A W) AR gl wb A4, =
Ak J A2 3A8E FAloll WA Alge] 7Pk BaEE
Bl AEdozs 7] EL mEh XS o] 5atlth4-7].

OLED?] %+ anode(ITO), J3<+%5(HTL : hole transport lay-
er), "3S(EML : light emission layer), A=335(ETL : electron
transport layer), cathode®] 7]-ZollA TS WA38 buffers, J&
2] Z(HB : hole blocking layer)©] =81 multi layer® dsto] &
A 2AREAHA 98k multi layer 2A7F ARSI Qlth EES

G B0l 1 B0 dopant AHG3t] WY WIF, E
Jeln wHEES B 5 ok



610 A3 X

2 AT #7] BLY 7N2ATEA] AR 719 AR 7]
(donor-acceptor) 9] T-F5 Zh= 2 AE dopant Al 55 G4 3hE wiE
A7)(-CH-) 9} LU =7](-CHOYE H3A7]+= W (Knoevenagel
condensation) © % FJ 3} © [8], donor® AFREH= ZE X3S
HEAA AAYFELS AT F Utk S Ak st

Xg71of 2= W54 3 PL (photoluminescence)= 2135l Al
3=

2. A
21. Al

HES-ol] AR8- A|oFE 2,6-dimethyl- 7 -pyrone (Aldrich, 99%), malo-
nonitrile (Acros, 99%), p-(dimethyl amino) benzaldehyde (Junsei
Chemical CO, Ltd, 99%), 4-(diethylamino) benzaldehyde (Aldrich,
99%), 4-(diphenylamino) benzalehyde (Fluka, 97% ©]/3), piperidine
(Aldrich, 99% ©l’h2 FASHA 1 TIoiE AR, SolE AR
¥l FolAEAL n-propyl alcohol>- " #|5ko] ARE-Fic)

2.2, BA717|

2 AFeA FAE ANYFEAS §8579 X (melting  point
apparatus, Gallenkamp), 321712 H A E2('H-.NMR, Varian, Jemini-
2000), A& 2 7FA3A B33 S A|(UV-visible spectrophotometer,
Hewlett Packard 8453), 33333 =Al(spectrofluorophotometer, Sh-
imadzu, RF-5301PC)& &3to] 49 7% 4 545 g1t

23. YAl =zo| &Y

A AR R AREE S p- A Fop e AE -] S ZHs DCMF=
Knoevenagel condensation © % $Hd3hcl Hhg-2 20 A2 LlFolA] 3
st} & Al 1@ Aol A = 2,6-dimethyl- 7 -pyrone ¥} malononitrile= RF
SA17 Py [(2,6-dimethyl-4H-pyran-4-ylidene) malononitrile]S A3k
S A 2 AN AT Pyoll 1ol S p-X| ol i AEl ™
FEAE A7 ikeAlA HAHo® sk DOMTFE FA R
ZENES-E AAA A Py [(2,6-dimethyl-4H-pyran-4-ylidene) ma-
lononitrile] & T3} 7] Knoevenagel ¥H-&-A17A 3t

HyC CHy
Hyt Q. Chy CN

Acz0
| | + II;C/ 9

\CN reflux

o NC/\CN
Py

250 mLe] T ZefATel 2,6-dimethyl- 7 -pyrone 248 g
(0.02 mol)¥} malononitrile 1.32 g (0.02 mol)S 217, WHFEPHEA] ace-
tic anhydride 20 mL& AA-E9]7]3}el| 2]3tst 5, 150 CeollA 8 h 7+
A3FA7|A Whs-gdo] Ao g wahy A7} A&k
o] BFS-E-S W7 & ojulslal, 100 mLe oEERA AHTE 5
HEbE 150 mLEA] Ad7sto] ¥ A4A7d 234 g (0.013 mol)&
A ek

FES  68%, 54 1 192194 T.

FT-IR (KBr pellets cm™) : 3303(C-H), 2203(-CN),

1663(C=C), 1509(-CH=).

245k M 173 ® 6 =, 2006

- Az

ot

o

'"H-NMR(CDCL;, 200MHz) 6 [PPM] : 6.57(s, 2H), 2,35(s, 6H).

2.3.1. DCM [4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)
-4H-pyran]2| &g

-
N —g
L e D‘\./ﬂ‘““%/l\/"
Piperidine | | ¢ "
> f e
n=-PrOH, reflux
L CN
DCM

250 mL9] 37 Fube Zekagol] AaRe7)slolA n-Z 2t
F& 25 mLE ¥ F, wWEhEA Py [(2,6-dimethyl-4H-pyr-
an-4-ylidene) malononitrile] 1.72 g (0.01 mol)¥} 4-(dimethylamino)
benzaldehyde 1.49 g (0.01 mol)S 21, 7FEwRksto] 3] g3)Al
71 &, o] yh-g-gMof| piperidine 2~3 W& A5 HES-EN2 3
h &3k 90 CEA 7FASFA7] 0L, A0 WAL 5, mlekE 100
mLE YW, AES MEAE Adeldate] 9 AEES 49
(ethyl acetate : n-hexane = 3 : 7) S ZHE Fe|3tal, §&5dS T4
A AELE 1A 142 g& ATk

FEE 4%, 54 1 217-220 T.

FT-IR (KBr pellets cm™) : 2912(C-H), 2199(-CN),

1650(C=C), 1548(-CH=).

'H-NMR (CDCl;, 200 MHz). §[ppm] : 7.45(d, 2H), 7.35(d, 1H),

6.68(d, 2H), 6.57(s, 1H), 6.54(s, 1H), 6.44(d, 1H), 3.05(s, 6H),

2.37(s, 3H)

2.3.2. DEA-Py [4-(dicyanomethylene)-2-methyl-6-(4-diethylaminostyryl)
-4H-pyran]2| &4
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Piperidine

n=PrOH, reflux

DEA-Py

250 mLe] 37+ Fubet ZepAaTe) AaE) sl n- 22 gt
& 25 mLE ¥ %, w¥EtEA] Py [(2,6-dimethyl-4H-pyr-
an-4-ylidene) malononitrile] 1.72 g (0.01 mol)Z} 4-(diethylamino) ben-
zaldehyde 1.77 g (0.01 mol)S ¥, 71 wukslo] e-43] &ajjA7)
%, o] Rk&-g-Me] piperidine 2~3 W& A3k WHEEN3 h &
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Figure 1. '"H-NMR Spectra of Py.

Q90 TEA 71A3FA7] 2, 2o Wz -, oekE 100 mL
5 Y3, ANES HEATE et 4 HEEe Y
(ethyl acetate : n-hexane = 1 : 10)C.ZFF 2|3}
ANA HAES 1A 116 g2 ATk
FEE : 35%, 4 224226 C.
FT-IR (KBr pellets cm™) : 2970(C-H), 2204(-CN), 1651(C=C),
1548(-CH=).
'H-NMR(CDCl;, 200 MHz) &[ppm] : 7.45(d, 1H),
6.67(d, 2H), 6.58(s, 1H), 6.49(d, 1H), 6.42(s, 1H), 3.43(q, 4H),
2.39(s, 3H), 1.22(t, 6H).

2.3.3. DPA-Py [4~(dicyanomethylene)-2-methyl-6-(4-diphenylaminostyryl)
-4H-pyran]2| &4

Piperidine

n-PrOH, reflux

DPA-Py

250 mL2| 37 Fube Egpade] AR 7|stl A n- 22 E Y
& 25 mLE ¥ §, wRkshEA] Py [(2,6-dimethyl-4H-pyran-4-
ylidene) malononitrile] 1.72 g (0.01 mol)¥} 4-(diphenylamino) benzal-
dehyde 2.73 g (0.01 mol)& Y11, 7FAwnkste] ebds] gaA7) F,
o] k&gl piperidine 2~3 H-&S A3Hch WHe8A2 3 h 50]'
90 CEA 7FAFA7] L, *JiOi W2 5, HEE 100 mLE
B, eSS HEARTE Bgoldate] e AEES AH(ethyl
acetate : n-hexane = 2 : 8) S ZHE B3l FENE FTUAIA H
Be 14 137 g2 A3k

FEE 2%, 849 ¢ 124~125 C.

FT-IR (KBr pellets cm’l) : 2922(C-H), 2209(-CN), 1651(C=C),

;1—‘— sl /\"‘:‘]’—‘é'ZH DCM%‘QJ %‘:}-/Ké 611

NCTCN

Figure 2. 'H-NMR Spectra of DCM.

1548(-CH=).

'H-NMR(CDCls, 200 MHz) §[ppm] : 7.36(m, 4H),

7.29(m, 4H), 7.14(m, 6H), 7.04(s, 1H), 6.59(d, 1H), 6.53(d, 1H),

2.39(s,3H).

3. Zut ¥ nE

Knoevenagel HH5-0.2 3/J3t PyS] FT-IRAFEHo| QlojA, C-H
9] XEWFE 3303 cm” F2olA] gelE S 9o .CN7IE) AlE
2159 A 2203 em ol s vrehba 9tk 1663 em! F-oll
A C =9 olFAgo] e, sz ag]el|A ] o]FAgte] v
A 1509 em’ oA kA YeEltar gloh

1231, DCM 9] FT-IRAFEFe| glojA, C-HE &3 a= 2912
em’! F-Zo|A] B8 4= 9lowm] .CN7|¢] A1EXET A= 2199 cm’
oA EEHA e 9tk 1650 em™” FE2olA] € = €9 o)ZFA e
o] vehb, ez e olA o] o]FAgte vaE 1548 em oA 7
sHAl vrERaL Q)

T3k DEA-Py 2] FT-IRAFE ]| QlofA, C HO|] ZE3] 3= 2970
em’ F-ZolA 213k = glow LCN7]9 AE I = 2204 cm’!
oA gdsiAl vehdar 9ok 1651 em! ‘:’—%ﬂ/ﬂ C=cC9 ols4a%

o] vehr, el aelolx o] o] 5 A vt 1548 ecm’ oM %
sHAl ERdaL 9k

Z128]al T3 DPA-Py2] FT-IRAFHEH0] QlofA, C- HEI My
2922 em’ 2ol g1 = glom, ONV|9) AEFEY] A
2209 em oA BAEA ER L Tk 1651 em”! ‘:‘ﬂoﬂﬂ c=cY
olFAg o] YeRtH, ezl olFAFe] IFHAE 1548
em’ oM s vtk

B Ao FAE pye] 'TH-NMRE] AHMEH-S Figure 104 K.
= ule} o], Wi'7](-CH3) 2] 671¢] 4427} 2.35 ppmell A singlet .2
vehtar glom, WElY)(-CH=)S] 2719 F4E 6.57 ppmeilA e}
i Qlek

183, DCMS] 'H-NMRS] AFHEHL F gure 2004 B ulel 2
o], WaFgke] asl b YR 4719 A= 212} 7.45 ppmellA] 271, 6.68
ppmelA] 2714 doublet &= LFER}AL Qo 2} d $1%]¢] o] AT
o] 271¢] A 242 7.35 ppm 6,44 ppmolA] doublet ©.F L}ERLY
I ok e} £ X2 slelZ ] ] 2719 45 7} 6.57 ppm¥ 6.54
ppmOllA] singlet &= UFERUH, g 91|12 FE 2] HE7]2] 371
9] F2 2.37 ppmellA, h 91R]19] o712 6712 WEr]e] 4
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Figure 4. '"H-NMR Spectra of DPA-Py.

—— UV-visible
I
1
- —_
3 3
. Lok
3 2
S 2
8 o
S E
2 i
< o
0
= : ; , ;
400 450 500 550 600 850 700

Wavelength (nm)

Figure 5. Normailized exitation and emission spectra of DCM in
chloroform solution.

= 3.05 ppmellA] singlet &= LER}F] wlZo] DCME] Fdoli-E
g = QUi
%3k DEA-Py?] 'H-NMRS] A EHL Figure 304 K= uks} 7+
o] Wlakste] a9t b X9 479 FAae 22} 7.45 ppm3 6.67 ppmell
] doublet &%= WEREIL, ¢k d 914]9] o] AT 2709 = 7
7} 737 ppm¥} 6.49 ppmel4] doublet© & LFER}AL Stk eS} £ 9%
o] FEE ]2 2709] G4 22} 6.58 ppm¥t 6.42 ppmellA] doublet
SO F yEhta glom, ¢ 9219 sEzael] wEr]e] 3719 4
+ 2.39 ppmell A singlet©. 2 WFERFAL Qlth &Zlofm]r]ef §lojA
2711¢] A& 7)(CHs-CHy-) %, WD #7](-CH,-)oll a3k h $1x12] 4
Mol g 343 ppmolA quartet2A YERGI Qlow, wEY]
(-CHy)®ll sk i 1A 6719 F°4F 1.22 ppmOlA] triplet .=

245k M 173 ® 6 =, 2006
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Table 1. Properties of DCM, DEA-Py, and DPA-Py
Product Reaction ield (%) mp () PL color
N time () Y °) mp
DCM 3 47 217~220 607 Red
DEA-Py 3 35 224~226 604 Red
DPA-Py 3 32 124~125 589 Red
S — - 2
UV-visible
---—PpL
1 /—\ - I T
3 7N /N 3
L) / / U
] F "-\ { \ -,
o / \ / \ =
c / \ / @
© / \ / c
= 'd A o
5 .y \ L =
1% Y %
o | e S,
b 450 500 550 600 650 700

Wavelength (nm)

Figure 6. Normalized exitation and emission spectra of DEA-Py in
chloroform solution.

UER}7] wlitel DEA-Py2] doif-E gl 4= Qldch

7831 W3k DPA-Py?] 'H-.NMRAFEHL Figure 404 K= ub
oF Zo], W] ast b $IR19] 4702 FAs), ofn]iT]el| 9lojA] 2
A ALA()H2 10719] FAE 7.14~7.36 ppm®ll 23 multiplet
oF ez 9lom, cob d X9 o]F A 2719 FAE 6.59
ppm¥} 6.53 ppmllA 22} doublet .= LERJ L Qlt) S FE| 2L
219 e} £ 9IX9 2719 A4 7.04 ppmI 7.01 ppmollA 22} sin-
glet® = YERIIL glom, gx]] WE7]9] 3719 F74x= 2.39 ppm
oA singlet®® YERY7] wliEoll DPA-PyS] RS AYT 4
AT

£ Aol 4] Knoevenagel ZEWEHS- 02 43 DCMS] UV-visible
~HEH-L Figure 5ol4 B vle} o] Ao S2E2XEFAN0
=73 A}, 469 nmol] Hhe exitation AHEH ] M5 B
o]al 919 ™, 469 nmS] AexZA FAFE PLS AFEHL 607 nmell
A Z e Adslis il emissiond] 5 UERfa ik

712]3 DEA-Py] 2~HE--2 Figure 6914 R vlel o), 229
A ERRIZENOT =3 Ay, 480 nmolA] FHQ] exitation
~HAEH 35 YeER) 0™, 480 nm®] AexZEA] ZAFSH PL
o] 2HERLS 604 nmollX A e ek Hol2l emission¥] AE
HeRy 3 gl

T3 DPA-Py 2] UV-visible ~FEH-2 Figure 7014 B vlel 2
o], ALox EFrZEgNoT =43 A7} 468 nmolX Hh
exitation 2FEHL] I35 YERN 1 Q101 468 nmO] AexZEMH Z
AFet PLE] A E L2 589 nmoflA] A Aof| A sl ]2 emission
935 e gick

o} o] # AFellA FAS 3F5F HAAF] dFARE
Table 17} 22 54L& Zheth

(

fu
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Figure 7. Normalized exitation and emission spectra of DPA-Py in
chloroform solution.

4. 4 B

2 A9 JAgAE R AM-EE DCM, DEA-Py, DPA-PyE

Knoevenagel %8150 & A3t} FT-IRZ 'HANMRE] H-4¢] )&}

o] S RLE 5+0l3}) 11, UV-visibled} PL = O F exitation 2~ E

H 3} emission ~HEFS FRIgto M o]F2] FEEA EAL
Felskoirt.

o]59] Wk FE5EEL DCMQ 7% 47%, DEA-Py2] 7% 35%,

DPA-Py°] Z-f-oll&= 32%E"1 ol 7]‘ TEEO| W2 AL p-A|

gobeliseielel QA4 Bk 271 dgoleln A4, %,
Agtotul i) o] AP A 255 S50 Ash o 2
2 o 5 gk

a3, o]59] §42, DCMS] 7% 217~220 C, DEA-Py2] 7
224-226 C, DPA-Py2] 7ol 124~125 CEA Aol thgh b4

oX -10

o B Agoa] 43 35F2] WHEAH-2 emission~H E o]
DCM®] 7-- 607 nm, DEA-Py®] 7-¢- 604 nm, DPA-Py2] 73-9-oll=
589 nmEA], °]5-& 589~607 nmelA] 2 o] AFeal= Hujje] pLY
a5 vepla gk

Z S gl o] 52 DCMAIZY 3EE5S 7] ELA
wo) A8 Z1o2 g7 wiiel, theo ATeMe JE
o&t 7] EL&ARE Alzteto] 33H4 495 4 E
St

P

i)
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