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Optimization of Generator Output Power Based on Dynamic Behavior Simulation for
Variable-Speed Small Wind Generation System with Battery Charger

Takemi KAWAGUCHI

This paper presents an estimation method of the optimum reference of the generator output power for a variable-speed
small wind generation system. The system consists of a three-phase permanent magnet ac generator, a three-phase ac-dc
rectifier bridge and the charging apparatus. Only rotational speed of wind turbine is input to the power control system of
the generator output. In order to make the optimum generator load, the base load reference integrating strategy is given.
The dynamic behavior simulation of whole system is implemented by taking into account the total losses of the generator
side and using the results of the blowing test under constant wind speeds. The simulation results are compared with the
results of the long-term field-test, and the validity of the estimation technique of the optimum load reference based on the
dynamic behavior simulation is verified. The application of the proposed simulation method allows determining an
optimum parameter included in the reference without carrying out of a long-term field-test.

Keywords: variable-speed small wind power generation, dynamic behavior simulation, optimization of generator output

power, maximization of capture energy
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Soluble Polyimides (6)
—Synthesis and properties of soluble polyimides bearing three long-chain alkyl groups via phenylester-benzamide linkages —

Yusuke TSUDA, Hiromasa KOGA*!, Takaaki MATSUDA

Novel diamine monomers, 4-(3,5-diaminobenzamide)phenyl 3,4,5-tris(decyloxy) benzoate (DBAPBA-10) having
three long-chain alkyl groups connected by phenylester and benzamide linkages were synthesized via seven step
reactions from Gallic acid methyl ester. The novel polyimides and copolyimides were synthesized from
Cyclohexene-DA, DSDA, or 3,4 "_ODPA as a dianhydride, and DBAPBA-10 and DDE as a diamine co-monomer by
two step polymerization systems including poly(amic acid)s synthesis and chemical imidization. These polyimides
were soluble in various polar solvents and exhibited good thermal stability. The surface wettability of the polyimides
bearing long-chain alkyl groups can be controlled by UV light irradiation.

Keywords: polyimide / solubility / long-chain alkyl group / surface wettability / phenyl ester linkage / UV light

irradiation
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i@ cEE (CHA-200) ZM Wy, 0.4 MPa, 55 C,
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; j ;
OH o} (o} o}
R R R R R< R
HO OH No) o~ ~o o’ o og
3 RBr,K,CO3 KOH SOCl,
—_— —_— _—
DMF, 70°C, 12h EtOH, reflux, 4h CH,Cl,, 45°C, 24h
O” "OCH;, 0" ~0CH;Z 0" ~0OH o™ ~cl
1 2 3 4
R= -(CH2)9CH3
R
1 1
HOONOz R R R (0] R
~o og ~o o
5 H2 (0.3-0.4MPa), Pd/C
(Et)sN in THF, r.t, 2h EtOH/THF, 55°C, 4h
QL A

NO, NH,

6 7

; j

Cl _0O 0 (o}

R« R R< R
(@) O/ o o/

O,N NO,

8 (O)e)
(Et)sN in THF, 75°C, 24h \©\N

H2 (0.3-0.4MPa), Pd/C

EtOH/THF, 55°C, 5h

DBAPBA-10

Figure 2. Synthesis of DBAPBA-10.

AR OLETF T hooE 2T/, “HD
AEHWTPA/CZERREL, CHCLZERAR &L
TTLCTHINTE T 2B L Rf=05), T)NAKL—
Y TCIRIEZEEL, TY ) —)UZ& > THEER L 7.
FIRICTHEZEGEL Y 2 K (7, 598 g, Yield 82 %)
k=Y

3,4,5-tris(decyloxy)benzoyl chloride (4)

Mp. 35.9C; 'H NMR (CDCl3): 00.88 (t, 9H, CH3, J =
6.4 Hz), 1.27-1.32 (m, 36H, CH3(CH2)6), 1.48 (m, 6H,
CH2CH2CH20Ar), 1.70-1.85 (m, 6H, CH2CH20Ar), 4.02
(t, 4H, CH20Ar, 3,5-position, J = 6.58 Hz), 4.08 (t, 2H,
CH20Ar, 4-position, J = 6.40 Hz), 7.32 (s, 2H, 2,6-ArH)
ppm; IR (KBr): 1750 (C=0), 1125 (-O-) cmL.

4-nitrophenyl 3,4,5-tris(decyloxy)benzoate (6)

Mp. 57.4°C; 'TH NMR (CDCl3): 00.88 (t, 9H, CH3, J =
6.8 Hz), 1.27-1.34 (m, 36H, CH3(CH2)s), 1.43-1.56 (m,
6H, CH2CH2CH20Ar), 1.73-1.87 (m, 6H, CH2CH20Ar),
3.99-4.09 (m, 6H, CH20Ar), 7.10 (d 2H, HB, ] = 9.0 Hz),
7.37-7.41 (m, 4H, H4, Hp, HE, HF), 8.30-8.34 (d, 2H, Hc,
J=9.0 Hz)ppm (Figure 3); IR (KBr) : 2920 and 2850 (C-
H), 1730 (C=0), 1520 and 1340 (NOz2), 1190 (-O-) cm!.

4-aminophenyl 3,4,5-tris(decyloxy)benzoate (7)

Mp. 38.5°C; 'H NMR (CDCl3): 00.88 (t, 9H, CH3, ] =
6.8 Hz), 1.22-1.28 (m, 36H, CH3(CH2)s), 1.43-1.48 (m,
6H, CH2CH2CH20Ar), 1.72-1.85 (m, 6H, CH2CH20Ar),
4.02-4.07 (m, 6H, CH20Ar), 6.70 (d, 2H, Hc, ] = 8.7 Hz),
6.97 (d, 2H, HB, ] = 8.7 Hz), 7.38 (s, 2H, Ha)ppm (Figure
3); IR (KBr) : 3390 (-NH2), 2920 and 2850 (C-H), 1730
(C=0), 1190 (-O-) cm’!.
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O(CH;)9CH3 O(CH;)9CH3
H3C(H,C)gO O(CH,)9CH3 H3C(H,C)gO O(CH,)9CH3

H& Ha H& Ha
C'EIO (';:o
) 0]

Hg Hg Hg Hg

Hc Hc Hc Hc
NO, NH,
6 7

Figure 3. 'H NMR assignment of compounds (6, 7).

7 XK (7,59 g, 8.66 mmol) % ii/KTHFK)75 ml
WIS, MUIZFIT 2 2.5 mz A7z,
ZOWHEHIZ, 35-=bhax>y ()bl R (8,
1.99 g, 8.66 mmol) Zi/KTHFA) 75 mliZiEMR S H /-
bOZEM L, 75 CITRERE LA 1 ILNAHT,
24RFEINBGER 21T > /2. CH2CLZ BEAABEE L T
TLC TGS T 2 B L7z Rf=0.6). KK T#
Itz KAK T ZoF L, BT FINICK>TH
WA DI 21T > 720 R, TNRL —% TS
ERE, HBEIFIV/AY )=k > THEIERL,
W5l A, 45 CTHZERMBEL = bOk (9,587 g,
Yield 77 %) %57z,

= hofk 9,35 g 40 mmol) ZT% /—)L50 ml
ETHF 12.5 mlOEAEBRICEMREIE, 20%, 10
wt% Pd/C 0.3 gZ A7z, At ERes SUERT &L,
i E AR T E (CHA-200) Z IV, 0.4 MPa,
55 °C, SEFfIOLKME R T bOikoE 2o 7z,
THEOAMEHWTPACEREL, ammé@%%
L UTTLCTINTE T2 L7z (Rf = 0),
INIRL —& TIRIEZ8EL, THF/ZY J—)Vick>
THHELE, 45 CTEZEEELEHMTH 5
DBAPBA-10%2.76 gf%7= (Yield 84 %) .

4-(3,5-dinitrobenzamido)phenyl 3,4,5-tris(decyloxy)be
nzoate (9)

Mp. 103.0°C; 'H NMR (CDCI3): 60.88 (t, 9H, CH3,J
= 6.8 Hz), 1.24-1.34 (m, 36H, CH3(CH2)s), 1.45-1.51 (m,
6H, CH2CH2CH20Ar), 1.73-1.86 (m, 6H, CH2CH20Ar),
4.01-4.07 (m, 6H, CH20Ar), 7.15 (d, 2H, H4, J = 8.8 Hz),
7.36 (s, 2H, HB), 7.62 (d, 2H, Hc, J = 6.6 Hz), 8.61 (s,

1H, NH), 9.07 (d, 2H, Hp, J = 2.0 Hz), 9.15 (t, 1H, HE, J
= 2.2 Hz)ppm (Figure 4); IR (KBr) : 2920 and 2850 (C-
H), 1740(C=0), 1530 and 1340 (NO2), 1190 (-O-) cm™!.

DBAPBA-10
Mp. 66.4°C; 'H NMR (CDCl3): 00.88 (m, 9H, CHs),
1.27-1.34 (m, 36H, CH3(CH2)s), 1.43-1.52 (m, 6H,
CH2CH2CH20Ar), 1.72-1.86 (m, 6H, CH2CH20Ar),
4.02-4.07 (m, 6H, CH20Ar), 6.15 (t, 1H, HEe, J = 2.0 Hz),
6.54 (d, 2H, Hp, I = 2.0 Hz), 7.18 (d, 2H, Ha, ] = 8.8 Hz),
7.40 (s, 2H, Ha), 7.67 (d, 2H, He, J = 9.3 Hz), 7.77 (s,
IH, NH)ppm (Figure 4); IR (KBr) : 3360 (-NH2), 2920
and 2850 (C-H), 1720 (C=0), 1190 (-O-) cm-..
24RVT7 IV IBRUORIAI ROERK
RARIAIROE/X—ELT, ThITHIVREE
—EmAkmEL THERABHKZEZAT 5-(2,5-
dioxotetrahydrofuryl)-3-methyl-3-cyclohexene-1,2-
dicarboxylic anhydride (LA T Cyclohexene-DA)H L < i
AN EEBT D HEBRTH 53,3 ,4,4 -diphenyl-
sulfone tetracarboxylic dianhydride (U4 FDSDA) E /=13
JERE DT FENETdH 53,4 -oxydiphthalic anhydride (LA
3,4 -ODPA)Z RV, H&EMKT Y 2 > & L TDBAPB
A-10ERY A I RAELUTIAREEKEY 72T
& %4,4 -diaminodiphenylether (U4 FDDE )% fty, —
FEOT NI IV VK & —HEO ST 2
> (DBAPBA-10/DDE=100/0, 50/50, 0/100) % W
ARUA 2 REERKL 2 (Figure 5).

T IR EFEBGS T I EE
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O(CH,)gCH3 O(CH,)9CH3
H3C(H,C)O. O(CH,)gCH3 H3C(H,C)gO. O(CH,)gCH3

Hx Ha HA Ha
¢=o0 ¢=o0
O O

Hg Hs Hg Hs

He He Hc He
N—H N—H
C=0 C=0

Hp Hp Hp Hp

O,N NO, H,N NH,
He He
9 DBAPBA-10
Figure 4. 'H NMR assignment of compounds (9, DBAPBA-10).
o (CHZ)QCH3
H3C(H2C)o /(CH2)9CH3
(o} (6]
(X+y) O O
CH, O

"o

DDE

Cyclohexene-DA

R
e

DSDA
o DBAPBA-10
0o o
oA~
0
| o CHZ)QCH3
3,4-ODPA o)

HSC(HZC)Q\ /(CHz)chs

. ©
> N 0
: o
CH; © n

Cyclohexene-DA/DBAPBA-10

1) r.t, 12h, in NMP

2) Ac,0, Pyridine
120°C, 4h, in NMP

Cyclohexene-DA/DDE

Figure 5. Synthesis of polyimides based on DBAPBA-10.
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L)LV EBRFEL, 20 wt%DEEIZRD X DIIN-AF
DY R NMP) ZilA7 (B/X—HE 10 g
NMP : 4.0 g), &L, RICHFEHEST I > ENMP
HIZEMM L, T N T HIVIR B KM & % SRk
WA 7ze 7V 2 A %783 U iR T — & (12R5#])
ROSE B 721, 10 wi%DIREIZR S K D IINMPZ B
L7 (NMP:50 g, B6N/ZRUTYIvIEBED
— R B ERIE IO 730F, ROORY T Iy
DT BT HILR R KIS USSRV E
OB Y EAMETIEOEKEEEZEICMA, 7
WA ZAEFREL, FAIVNAH, 120 CT4KEfH
12 RMEZEfTo 2. 201 2 R{ELOTHET, EET
HBHNMPIIRIT I 2 4 U 72 & DIIARR & A13
L7z NMPIZHIATH D72 R A 2 RIFIRIIA Y / —
JVICTEE: S &, WBEE L, 100 ‘CTI2 h, BZei
BITOZETRYA I RMEKRZERS,
BonzwEERI A T ROF vy IS5 UE—T 3
> (IHNMR, IR, UV) ZLLTFDOXD I T/E> 7=,
Cyclohexene-DA /DBAPBA-10.
'H NMR(CDCl3): 6 0.86 (m, CH3), 1.27 (m, CH3(CH2)s),
1.47 (m, CH2CH2CH20Ar), 1.73-1.80 (m, CH2CH20A),
4.02-4.04 (m, CH20Ar), 7.10 (m, ArH), 7.37 (m, ArH),
7.64 (m, ArH)ppm; IR (ATR) :, 2925, 2852 (C-H), 1716
(C=0), 1190 (-O-) cm!. UV (film): Figure 9.

Cyclohexene-DA /DBAPBA-10 /DDE (100/50/50) .

1H NMR(CDCI3): 6 0.86(m,CH3), 1.26 (m, CH3(CH?2)s),
1.47 (m, CH2CH2CH20Ar), 1.73-1.81 (m, CH2CH20Ar),
4.02 (m, CH20Ar), 7.10 (m, ArH), 7.38 (m, ArH) , 7.65
(m, ArH) ppm; IR (ATR) :, 2925, 2854 (C-H), 1708
(C=0), 1187 (-O-) cm™!. UV (film): Figure 9.

Cyclohexene-DA /DDE.

1H NMR (DMSO-do): 02.04 (m, CH2), 2.35-2.40 (m,
CH2), 2.84 (m, CH2), 3.36-3.40 (m, CH), 4.02-4.04 (m,
CH20Ar), 7.12 (m, ArH) ppm; IR (ATR) : 1705 (C=0),
1238, 1167 (-O-) cm™. UV (film): Figure 9.

DSDA /DBAPBA-10.

'TH NMR(CDCI3): 6 0.86(m, CH3),1.26 (m, CH3(CH2)s),
1.46 (m, CH2CH2CH20Ar), 1.76 (m, CH2CH20Ar), 4.03
(m, CH20Ar), 7.0-7.40 (m, ArH) ppm; IR (ATR) :, 2925,
2854 (C-H), 1732, 1717 (C=0), 1190 (-O-) ecml. UV

(film): Figure 9.

DSDA /DBAPBA-10 /DDE (100/50/50) .

'H NMR(CDCI3): 6 0.86(m, CH3), 1.26 (m, CH3(CH2)6),
1.47 (m, CH2CH2CH20Ar), 1.81 (m, CH2CH20Ar), 4.03
(m, CH20Ar), 7.00-8.47 (m, ArH) ppm; IR (ATR) :, 2925,
2852 (C-H), 1725 (C=0), 1190 (-O-) cm’l. UV (film):
Figure 9.

3,4 -ODPA /DBAPBA-10.

'H NMR (CDCI3): 6 0.86(m, CH3), 1.27 (m, CH3(CH?2)s),
1.47 (m, CH2CH2CH20Ar), 1.78 (m, CH2CH20Ar), 4.02
(m, CH20Ar), 7.00 (m, ArH), 7.51 (m, ArH) ppm; IR
(ATR) :, 2925, 2854 (C-H), 1718 (C=0), 1190 (-O-) cm™!.
UV (film): Figure 9.

3,4 -ODPA /DBAPBA-10 /DDE (100/50/50) .

'H NMR (CDClI3): 6 0.86(m, CH3), 1.26 (m, CH3(CH?2)6),
1.46 (m, CH2CH2CH20Ar), 1.79 (m, CH2CH20Ar), 3.99
(m, CH20Ar), 7.00-7.88 (m, ArH) ppm; IR (ATR) :, 2925,
2852 (C-H), 1724 (C=0), 1190 (-O-) cm’!. UV (film):
Figure 9.

3,4 -ODPA /DDE.

1H NMR (CDCI3): 6 7.10-7.16 (m, ArH), 7.34-7.51 (m,
ArH), 7.82-7.95 (m, ArH) ppm; IR (ATR) : 1718 (C=0),
1239 (-O-) cml. UV (film): Figure 9.

3. ERLER
3.1 77X %/<— (DBAPBA-10) D&M,
RULAZ ROES

DBAPBA-10i37 Y v 7 A FIL T A F7)L (1) & HY
FERELTIZAT Yy T TERLUE. EERIET
DINHRIZTT—95 % TH O, HRAIEIEY) L
THHEEASN D, ERYOREEIT '"H NMRKE U
IRZXRZ RLIZXK DT, b2 O ZZH Y
ARG BIVIMES Tz,

AIFFRICE DR A 2 RIZBEFE R TH D Z &
5 IH NMRKEUT 4 )V ADIRBIEN S TH S, 'H
NMRZ X7 NUZHBWTIZDBAPBA-10DHE AN FEWN,
R 7 IV FINEROHEEHETO N> D7 F))
NERIE N, IRAXRY MUIZBWTIZ3000 cm- ff
I DR 72 CHIR G DI BRI SN TH D,
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AU A X RPICDBAPBA-10EATE TS I &
IR I 7,

Table 1 IZDBAPBA-10ICHD <R U 2 R LUk
HAERVA I ROEAICHEL TEE D, BRAE
¥ % H 9 % Cyclohexene-DAZ H W /=55, BHEEVALK
NMPIZRED R A 2 KRGS N, FEkIZ3.4 -
ODPAZE W= & THNMPIZHIED R Y 1 I KA
& 53N 7z, Cyclohexene-DADEE, FHEBES T 2 >
OFEMEZETTIINMPIIEORY 1 2 RE2HA5Z
EVHBIL THOY, ZOEAERENSDATIZE
SH7 V)L E O uEMEI I SRR B T &7,
[A#£123,4 -ODPAZ F W /2 3585 T HIRMIED @R
A 2 RDE 54, Cyclohexene-DA & 3,4 -ODPAIZ
VAR Y A 2 RE2BEPLT VT b T HIVER g
KW ThHBIENERI N, —H, BHEHE TN
TV g M KP)T d HDSDAZ FHWEHEITH
\WClZ, DBAPBA-10/DDE (100/0), DBAPBA-10/DDE
(50/50) DR DZEDAREMERY A 2 RBES

N7z, DSDAIZFHEET b T )V iR > B Ky D
HTEAEERUA I RE2EADRPTVE/ X —TH
0, K7 I FIVEZEE /R WDSAD/DDEDHH A
AHOETEMAEERY A I RGN TN &
M5, DBAPBA-10IZEHINAEHET I FILED
I hOE—RICEKORY A I ROEMmENRE L
LizZ &R E N,
BoNLZRY A X ROGFEIENMPH TOD 0 i X
UFSEC (GPC, 10 mM LiBr/NMP) THEFEL 7=,
Cyclohexene-DA X U'DSDAD AN DFHFIZHBNTH
DBAPBA-10D ffiA AL E DI INITHEVY, 47 F &
WBIE T3 %, ZHIIDBAPBA-10DAKEEICH D
SFNEDIEKTFICE D HDTITRWhEEZ 5N S,
Cyclohexene-DA & DSDA % [L#: 9 5 EDSDAD A Y
B TEORIAIREGZ S, ZNIHFEET
T AR BRI OB ED & S IR T 5 6
DEEZBENDD, Figure 61I255N =R A I RD
SECHIE B 2 7R 7%, 9 F &3 HhAR 13 s A 1 7 77

Table I. Polyimides and copolyimides based on DBAPBA-10

Monomer Poly(amic acid) Polyimide
Tetracarboxylic dianhydride® Diamine Nt Solubility Dt Molecular Weight®
mol% dLg'l in NMP dLg'l Mn Mw Mw/Mn

Cyclohexene-DA DBAPBA-10 DDE
100 0 0.19 soluble 0.07 3500 5300 1.5
50 50 0.32 soluble 0.11 3800 7300 1.9
0 100 1.05 soluble 0.42 13700 48100 3.5

DSDA DBAPBA-10 DDE
100 0 0.20 soluble 0.25 13000 28200 2.2
50 50 0.27 soluble 0.35 19900 52300 2.6

0 100 insoluble

3,4'-ODPA DBAPBA-10 DDE
100 0 0.13 soluble 0.11 12200 25900 2.1
50 50 0.41 soluble 0.28 30200 64400 2.1
0 100 1.13 soluble 0.57 38800 96300 2.5

aEquimolar amount of tetracarboxylic dianhydride was used to the total amount of diamines.

bMeasured at 0.5g

dL1 in NMP at 30 °C. <Determined by SEC in NMP containing 10mM LiBr calibrated with a series of polystyrenes

as a standard.

Cyclohexene-DA / DBAPBA-10 / DDE
100/100/0 100/50/50 100/0/100
N 4

4 4.
log Mw >

DSDA / DBAPBA-10 / DDE

100/100/0

100/50/50

4 4.
log Mw >

Figure 6. SEC traces of representative polyimides.
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D A Aidhi#R 2R U, polydispersity (Mw/Mn) 132
—3B3REETHL, #ENREMHERIGDEZ > T
LT ENRBEIND, BEESNZRUA I ROSFE
WIS NZER D RN 72D, iEEEET S
ZEZEHRAL TS, FHEBKERD34 -ODPA ZH W
B EONTEE, HERRDDSDADY; G LRI,
g % D Cyclohexene-DA % Fl W /= &1 HERE <,
72, D2%E & [FkEICDBAPBA-10D {15A AL A% &
DEINZHEN T FEIMET L 7.

3.2 RUA I Rt

"oNRUA I RERUOEESGRY A I ROEH
RIEN ORI, 75 AEBIRE, B ke o Hl
TEFER % Table 1T 1Z7R T,

RUA 2 ROBMIEZESTABENMPLI OB O
ET O ERmEEEE, O~ WA (m-
LY —=)b), Yrnaixy oy > Riak
ZHWTHMICHRL 2. TDH%E, DBAPBA-10
WHDLSHRU A 2 RIZIET DO b O HEmIEEL D A7
59, KR OIET O AR T 5 THF,
CH2Clz , CHCB/R E D—fHI7s/\ O > RIEHIZ S
METh oz, TIUI IR Y 2 RiZidan
FHETHhD, EHEYIFIEOI bOE—#RIC
KD LR L TWwWb EE 2 6N5, £z
IS OEMIEIZDBAPBA-10D & A B150% £ 0
100% THEHZEDHNEIF TH S T &MU,

BonizRU A 2 ROH T ZEBEE (Te) 13DSC
%, ROTMA BHREAE—R) JEO2MMED HIET
W % ik A7~ (Table 1), DBAPBA-10IZED < AR

12 R, 7 AEBIREN245—284°C DHIFH IZ H
0, EWEBNNEEZEL TWbHEEZ 5N,
b2 2 D R & 7 % BUE B DR E 13X TGA %
W, 10 %EERDRE (Tdi) ZHETZIET
L 7= (Table 1D, fFoN/ZrEERY A I RO
TdiolZ ZE&H T351—596°C, EFHEHT416—586CD
#HPHICH D, —RICELRHRD BEFRPOLNES,
F5EF L5 DDDED BN £ > T < 72 5 A &
%, TGARHRDF| % Figure 712R9 708, 254 Tia
Ez by Tn &, EEFDMERTREE TS
ZEMBHEND, IBEEHOBATRYA I RO
HISEICEA L ESH T IVFINEN R, —BEMHE
DD TEHMIMLEEZEND, —F, EF
FRTCIIBEERDIZZOL D RS D TR
<, BESHEHDTH S, M6, EHET7ILFILHE
DERGRIT LR ORI K DAL fRIC X D e
INDIENHERESND, IS DEEBRDEE
WWEFHEBHERBY A I RED100—150 CREIZS >
TWaM, MORHET I ZXF v 7 &gl T
BEVEZ A L TWd 2 ENfER SN,
BonziEERY A 2 RT7 IV LADKIZHT S
Fefl g E KL R 2 Table 11 &2 OX Figure 8 IZ/R9
DBAPBA-10Z & £/ WA U A 2 R 1)L L D Hfil
f7380° RIETHDDICK L, DBAPBA-10&2EH
T HEE, EAMA394—-104° OEERL, T
LRMDENEKREEZRT ZENHHL =, O
KIEIZDBAPBA-10IC & £ N 23ADEH Y )L F )L K
IKHEDIbDEEZEND, RUA I RANDOEHY
NFIVEOEANFREEFEAR) A I ROTLF
VN R, BEEAEORRICHEND D LN

Table II. Various properties of polyimides based on DBAPBA-10

Polymer Composition Solubilityb Tg Td,,°
Dianhydride” Diamine Solubility in various solvents (5wt%) Tg" Ts* in Air in N,
mol% NMP DMF DMAc DMSO DMI m-Cresol THF CH,Cl, CHCl, °c °c °c °c
Cyclohexene-DA DBAPBA-10 DDE
100 0 N S(h) S I S N S S S 265 405 416
50 50 S S(h) S PS(h) S S S S S 284 245 406 419
0 100 S S(h) S S S S 1 1 1 282 229 428 454
DSDA DBAPBA-10 DDE
100 0 N PS(h)  S(h) I S(h) S(h) S S N 263 256 377 419
50 50 PS(h) PS(h) PS(h) PS(h) PS(h) PS(h) I 1 PS 272 252 351 419
0 100 1 I I 1 1 1 I 1 I 287 568 582
3,4'-ODPA DBAPBA-10 DDE
100 0 S S(h) S I S S S S N 245 389 417
50 50 S S S PS(h) S S S N S 258 250 358 424
0 100 S S S S(h) S(h) S 1 PS S 280 271 596 586

aEquimolar amount of tetracarboxylic dianhydride was used to the total amount of diamines. "The qualitative solubility was determined in the 3mL of solvent at 5 wt%
concentration. S, soluble after standing at room temperature for 12 h; S(h), soluble after heating at 70 °C for 12 h; PS, partially soluble after standing at room temperature

for 12 h; PS (h), partially soluble after heating at 70 “C for 12 h; I, insoluble even after heating at 70 °C for 12 h.
second heating. d4Softening temperature, measured by TMA at a heating rate of 10 “C/min in N2 on second heating.

heating rate of 10 “C/min.

“Measured by DSC at a heating rate of 20 “C/min in N2on
©10 % Weight loss temperature, measured by TGA at a
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Figure 7. TGA traces of polyimides based on DBAPBA-10.
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Table III. Water contact angle of polyimides based on DBAPBA-10
Monomer Polyimide
Tetracarboxylic dianhydride” Diamine Water contact angle after UV irradiation °( )¢
mol% 0J 2] 4] 6] 8J
Cyclohexene-DA DBAPBA-10 DDE
100 0 104 (101) 96(92) 95(83) 86(67) 81 (50)
50 50 97(96) 95(81) 87(64) 68(59) 57(38)
0 100 80(80) 73 (75) 67(60) 58(50) 38(24)
DSDA DBAPBA-10 DDE
100 0 104 (104) 88(79) 76(64) 60(45) 44(33)
50 50 99 (95) 87(76) 81(72) 62(60) 45(54)
0 100
3,4'-ODPA DBAPBA-10 DDE
100 0 100 (99) 80 (75) 57(57) 36(30) 24(23)
50 50 96 (94) 80(73) 52(57) 31(32) 31(30)
0 100 78 (78) 77 (75) 44 (70) 42 (63) 36 (52)
2 Equimolar amount of tetracarboxylic dianhydride was used to the total amount of diamines. » Water contact
angles (deg) using contact angle meter (Excimer inc.,SImage mini)at 25 °C. ¢ Water contact angles (deg) after
rinsing by isopropyl alcohol.
Cyclohexene-DA/ DBAPBA-10/DDE DSDA/DBAPBA-10/DDE 3,4-ODPA/DBAPBA-10/DDE
100 b 100 p 100 !
E 80 € 80 E 80
ifn 60 f 60 S 60
g 1 1001000 f‘% v ——100/100/0 2 ] o000
£ 0 | —=-1005050 220 | _a 1005055 B o0 | -m-10050/50
—4+—100/0/100 ——100/0/100
0 - 0 0 N
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
UV irradiation energy [J] UV irradiation energy [J] UV irradiation energy [J]
Figure 8. Water contact angles after UV irradiation.
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Figure 9. UV spectra of polyimides based on DBAPBA-10.
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Figure 10. Representative ATR spectra (3,4’ -ODPA /DBAPBA-10).



AEERUA IR (6)

YRk 22 9 A S3MEOFVNHEERBNC T T SVIATVEUNRY AT I RS S Tk S W AR U 1 3 ROp%— — 23—
=OWI13%, e, 9 (1997). AR 1
4. ¥ § R (1)

MEDEHTIVFINHE T T ZIVTATIVEES —
NIRRT I REETHEE S B3y 7yI T /v —
(DBAPBA-10)D & RLICERIIL, TNZERUA I RE
MICEAT DI LI L. BoNzRU A IR
&, A FREMGINMERD BEN - 20, RE
HEETHNEERYA I RTHo . SHAEE
BRI HiEfmE RN S, RETINFILRITES
B Om ENGRD SNz, TAUSEHE Y IV F IV
DL hOE—%RICLZHDEEZ LN D, Kk
HOBEIAEET®H D THF, CH2Cl2, CHCIIZH aliE
THh2RIFFEITH S,

/moNzRUA 2 FOMBEZEFERY A IR
WIS, EVER Y < — O #EIRICT21CA
5%z~ L7z, DBAPBA-10ICHE DK KRU A I RD
KR 2 A EIE T, EBEYIVFILRICER
TBHEEZONDEHMWNBAKEZRLZ, £z,
FEICUVES 2175 &, BEZRILF—DEKT
DI Ui THM A DAL, R A I REHN
BKIEICEMT 2 ZEMNHBAL 2, I72b5, AR
U1 2 RBEmMENED IS bO—)LA[RETH D
ZORMENSTE L DBEBTFMEIOZEFITHBNTARRY
A4 I RNSHTIETH D Z ENRBINS,

o

AWZENE, PRk 4R QNN E R > & —
— JUNHI G PESE 1 ) N—2 3 A X - )
B, SRR 14RO E HE R e [ KRER], &
OERRJUEEDGHEEBEMIE IO 27 b (&
BRI AR OB ESFTEBLZHDTHD
ZIIRRL TUEMOERERL£J, 3,4 -ODPAZE T
e VARl b [ 1 F =05 % 5 R (0L b . 5 S O S
ER

SEH

1) M. K. Ghosh and K. L. Mittal, Ed. “Polyimides,”
Marcel Dekker, New York N. Y., 1996.

2) G, MEHE ROTERHARY A I F~5
MEEINH), TX T 94—+ X, 2002.

3) EHthEE, HERE, ARKIESEFFEM AR

4) FEHHGEE, WANER, EHINEERES, ARKI¥S
HEHMPARALE, H13E, 15, 19 (1997).7]
WHERUA IR Q)

5) i, Vo =R, VoReEes, B baEEE, I
AN, ARKRILHESEEMARALE, H14E,
H25, 13(1999). MAEMERU A 2 K (3)

6) Y. Tsuda, Y. Tanaka, K. Kamata, N. Hiyoshi, S.
Mataka, Y. Matsuki, M. Nishikawa, S. Kawamura and
N. Bessho, Polym. J., 29, 574 (1997).

7) Y. Tsuda, K. Etou, N. Hiyoshi, M. Nishikawa, Y.
Matsuki, and N. Bessho, Polym. J., 30, 222 (1998).

8) Y. Tsuda, R. Kuwahara, K. Fukuda, K.Ueno, and J.-M.
Oh, Polymer. J., 37, 126 (2005).

9) Y. Tsuda, T. Kawauchi, N. Hiyoshi, and S. Mataka,
Polym.J., 32, pp.594-601 (2000).

10) Y. Tsuda, K. Kanegae, and S. Yasukouchi, Polym.J.,
32, pp.941-947 (2000).

11) Y. Tsuda, R. Kuwahara, and J.-M. Oh, “Polyimides
having dendron side chains”,Tranactions of the
Materials Research Society of Japan, 29, pp.267-270
(2004).

12) Y. Tsuda, M. Kojima, and J.-M. Oh, Polym.J., 38,
pp-1043-1054 (2006).

13) Y. Tsuda, M.Kojima, T.Matsuda, and J.-M.Oh,
Polym.J., 40, pp.354-366 (2008).

14) FH#E, TR 1 2 FomE ke &S HE
BT R A X ROk L) Y1 T2 A&T
/B —+tk, 2008.

15) Y. Tsuda, “Soluble Polyimides Based on Aromatic
Diamines Bearing Long-Chain Alkyl Groups™, in
Polyimides and Other High Temperature Polymers:
Synthesis, Characterization and Applications, Volume
5 Edited by K.L. Mittal, Koninklike Brill NV, Leiden,
2009.

16) Y. Tsuda, J.-M. On, R. Kuwahara, Int. J. Mol. Sci.
Vol. 10, pp.5031-5053 (2009).

17) HHhEE, ZHESE, IEEBE, ABKIL¥ES
LHP R R, 243, 2%, 1 (2009). [H]
BHRUA IR @)

18) HHthll, HAEE— MEET, WHEBE, A
R TEESEEMERLE, 258, 15, 13
(2009). MAIVAEMERY 12 K (5) )



wEERY A1 IR (6)
— 24— =MEDT IINVEEMHIC T T2V T ATINKUORD AT 2 REGTHES U mEER U I ROE-E 26 % £ 1 &

19) V.S.K. Balagurusamy, G. Ungar, V. Percec, G.
Johansson, J. Am. Chem. Soc. 1997, 119, 1539-1555.

20) V. Percec, W.-D. Cho, M. Moeller, S. A. Prokhorova,
G. Ungar, D.J.P. Yeardley, J. Am. Chem. Soc. 2000,
122, 4249-4250.

21) K.-W. Lee, S.-H. Paek, A.Lien, C. Durning, and H.
Fukuro, Macromolecules, 29, 8894 (1996).

22) C. Lee, T.-H. Woo, and M. Lee, Mol. Cryst. Lig.
Cryst., 316, 205 (1998).

23) B. S. Ban, Y. N. Rin, and Y. B. Kim, Liquid Crystals,
27, 125 (2000).

24) J.-T. Jung, M.-H. Yi, S.-K. Kwon, and K.-Y. Choi,
Mol. Cryst. Lig. Cryst., 333, 1 (1999).

25) L. Li, J. Yin, Y. Sui, H.-J. Xu, J.-H. Fang, Z.-K. Zhu,
and Z.-G. Wang, J. Polym. Sci., Part A : Polym.
Chem., 38, 1943 (2000).

26) S.J. Lee, J. C. Jung, S. W. Lee, and M. Ree, J. Polym.
Sci., Part A : Polym. Chem., 42, 3130 (2004).



FRR 22 4 9 A

2T ) AF N EREA S DD T I AR D AR

—REERC

T AF N EEAT D HOCHE2E TR DRI

a5 R

B, SCEBRERER?, Ba B

Cyanostilbene-based Fluorescent Two-photon Absorption Dyes

Tsutomu ISHI-I, Takahiro [ZUMI*!, Shuntaro MATAKA*?, Motoyuki SHIGEITWA*3

This paper reports the two-photon absorption and fluorescence emitting properties of electron-accepting cyanostilbene
dyes having two electron-donating amino moieties. The donor-acceptor dyes displayed two-photon absorption cross-

sections up to 117 GM.

Keywords: two-photon absorption, emission, donor-acceptor
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4-Cyanomethyl-4’ -diphenylamino-1,1" -biphenyl
(6). To a mixture of 5 (393 mg, 2.0 mmol) and tetrakis



2T ) AF N EREA S DD T I AR D AR

£2wE B15

(triphenylphosphine)palladium (127 mg, 0.11 mmol) in
degassed-benzene (20 mL) were added degassed-ethanol
(5 mL), 4 (786 mg, 2.2 mmol), and aqueous 2 M sodium
carbonate solution (10 mL) at 60°C under an argon
atmosphere. After the mixture was heated at 80°C for 16
h, the reaction mixture was cooled to room temperature.
The reaction mixture was evaporated in vacuo to remove
benzene, diluted with water (50 mL), and extracted with
dichloromethane (50 mL x 3). The combined organic
layers were washed with water (100 mL x 3) and with
brine (100 mL), dried over anhydrous magnesium sulfate,
and evaporated in vacuo to dryness. The reside (867 mg)
was purified by silica gel column chromatography
(KANTO 60N) eluting with chloroform/hexane (1:2, v/v)
and recrystallized from dichloromethane/hexane (2 mL/4
mL) to give 6 in 79% yield (571 mg, 1.58 mmol) as a
white solid. mp 128-129°C; IR (KBr) 3031, 2250 (vcN),
1588, 1491, 1319, 1274, 803, 753, 696 cm’!; 'H NMR
(CDC13) 63.78 (s,2 H, CH2CN), 7.04 (t, /= 7.8 Hz, 2 H,
ArH), 7.13 (d, /= 8.4 Hz, 6 H, ArH), 7.28 (dd, /= 7.8, 8.4
Hz, 4 H, ArH), 7.37 (d, J= 8.4 Hz, 2 H, ArH), 7.45 (d, J=
8.4 Hz, 2 H, ArH), 7.58 (d, J= 8.4 Hz, 2 H, ArH); FAB-
MS (NBA, positive) m/z 361 [(M+1)*], 360 (M*). Anal.
Calcd for C26H20N2: (360.5): C, 86.64; H, 5.59; N, 7.77.
Found: C, 86.66; H, 5.56; N, 7.81.

4-Diphenylamino-4' -formyl-1,1" -biphenyl (9). To a
mixture of 7 (973 mg, 3.0 mmol ) and tetrakis (triphenyl-
phosphine)palladium (173 mg, 0.15 mmol) in degassed-
benzene (30 mL) were added degassed-ethanol (7.5 mL),
8 (495 mg, 3.3 mmol), and aqueous 2M sodium carbonate
solution (15 mL) at 60°C under an argon atmosphere.
After the mixture was heated at 85°C for 3.5h, the
reaction mixture was cooled to room temperature. The
reaction mixture was evaporated in vacuo to remove
benzene, diluted with water (50 mL), and extracted with
dichloromethane (50 mL x 3). The combined organic
layers were washed with water (100 mL x 3) and with
brine (100 mL), dried over anhydrous magnesium sulfate,
and evaporated in vacuo to dryness. The reside (black oil,
1.26 g) was purified by silica gel column chromatography
(WAKO C300) eluting with chloroform/hexane (1:3, v/v)
to give 9 in 43% yield (448 mg, 1.28 mmol) as a yellow
viscous solid. mp 40-56°C; IR (KBr) 1696 (vc-0), 1589,
1489, 1284, 817, 760, 697 cm™!'; 'TH NMR (CDCI3) 6 7.07

(t, J=7.4Hz, 2 H, ArH), 7.15 (d, J = 7.4 Hz, 6 H, ArH),
7.29 (t, J= 7.4 Hz, 4 H, ArH), 7.52 (d, J= 7.4 Hz, 2 H,
ArH), 7.72 (d, /= 8.2 Hz, 2 H, ArH), 7.92 (d, /= 8.2 Hz, 2
H, ArH), 10.03 (s, 1 H, CHO); FAB-MS (NBA, positive)
m/z 349 (M*). Anal. Calcd for C2sH19NO+0.02CHCl3:
(349.42): C, 85.42; H, 5.45; N, 3.98. Found: C, 85.38; H,
5.48; N, 4.01.

1-Cyano-trans-1,2-bis(4" -diphenylamino-1,1" -
biphenyl-4-yl)ethylene (1). A solution of 6 (140 mg, 0.4
mmol) and 9 (144 mg, 0.4 mmol) in dry THF (1.2 mL)
and dry tert-butyl alcohol (2.8 mL) (4A molecular) was
heated at 50°C for 0.5 h under the argon atmosphere.
Then, 37 wt-%(ca. 1.4 M) methanol solution of tetrabuty-
lammonium hydroxide (0.04 mL, ca. 0.056 mmol, TCI)
was added dropwise for 1 min at 50°C. The orange
solution was immediately changed to dark red solution.
The mixture was allow to heat for 2 h at 50°C. When the
reaction mixture was cooled to room temperature, it was
poured into water and extracted with dichloromethane.
The combined organic layers were washed with brine and
water, dried over anhydrous magnesium sulfate, and
evaporated in vacuo to dryness. The reside (316 mg) was
purified by recrystallization from argon-saturated
chloromethane/hexane (1:1, v/v) three times under dark
conditions to give 1 in 20% yield (56 mg, 0.081 mmol) as
a yellow solid. mp 202-204°C; IR (KBr) 3031, 2923,
2212 (ven), 1590, 1492, 1327, 1281, 819, 754, 696 cm!;
'H NMR (CDCI3) 6 7.16 (t, J = 7.3 Hz, 4 H, ArH), 7.16
(d, /= 7.3 Hz, 8 H, ArH), 7.16 (d, J= 8.5 Hz, 2 H, ArH),
7.29 (d, J= 7.3 Hz, 8 H, ArH), 7.51, (d, J= 8.5 Hz, 2 H,
ArH), 7.53 (d, J= 8.5 Hz, 2 H, ArH), 7.58 (s, 1 H, olefinic
H), 7.65 (d, J= 8.5 Hz, 2 H, ArH), 7.68 (d, J= 8.5 Hz, 2
H, ArH), 7.75 (d, J= 8.5 Hz, 2 H, ArH), 7.98 (d, J= 8.5
Hz, 2 H, ArH); 'H NMR (DMSO-ds) 6 7.00-7.12 (m, 16
H, ArH), 7.32-7.38 (m, 8 H, ArH), 7.68 (d, J= 8.5 Hz, 2
H, ArH), 7.71 (d, J= 8.5 Hz, 2 H, ArH), 7.78-7.85 (m, 6
H, ArH), 8.04 (d, J= 8.5 Hz, 2 H, ArH), 8.11 (s, 1 H,
olefinic H); FAB-MS (NBA, positive) m/z 692 [(M+1)*],
691 (M*). Anal. Calcd for CsiH37N3+0.15CH2Cl2
(691.86): C, 87.19; H, 5.34; N, 5.96. Found: C, 87.08; H,
5.42; N, 5.89.

1-Cyano-trans-1-(4' -diphenylamino-1,1" -biphenyl-
4-yl)-2-(4-diphenylaminophenyl)ethylene (2).A solu-
tion of 6 (108 mg, 0.3 mmol) and 10 (82 mg, 0.3 mmol)
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in dry THF (0.9 mL) and dry tert-butyl alcohol (2.1 mL)
(4A molecular) was heated at 50°C for 0.5 h under the
argon atmosphere. Then, 37 wt-% (ca. 1.4 M) methanol
solution of tetrabutylammonium hydroxide (0.03 mL, ca.
0.03 mmol, TCI) was added dropwise for 1 min at 50°C.
The orange solution was immediately changed to dark red
solution. The mixture was allow to heat for 1.5 h at 50
‘C. When the reaction mixture was cooled to room
temperature, it was poured into water and extracted with
dichloromethane. The combined organic phases were
washed with brine and water, dried over anhydrous
magnesium sulfate, and evaporated in vacuo to dryness.
The reside was purified by recrystallization from
chloroform/hexane (1:2~1:1, v/v) two times to give 2 in
37% yield (69 mg, 0.11 mmol) as a yellow solid. mp 106-
114°C; IR (KBr) 3033, 2209 (ven), 1587, 1506, 1488,

1330, 1283, 756, 697 cm™!'; 'TH NMR (CDCI3) 6 7.01-7.19
(m, 16 H, ArH), 7.24-7.36 (m, 8 H, ArH), 7.46 (s, 1 H,
olefinic H), 7.50 (d, J= 8.6 Hz, 2 H, ArH), 7.62, 7.70 (d,
J=8.4 Hz, each 2 H, ArH), 7.79 (d, /= 8.9 Hz, 2 H, ArH);
'H NMR (CD2Cl2) 6 7.09 (t, J = 8.5 Hz, 4 H, ArH), 7.11-
7.23 (m, 12 H, ArH), 7.27-7.41 (m, 8 H, ArH), 7.54 (s, 1
H, olefinic H), 7.56 (d, /= 8.7 Hz, 2 H, ArH), 7.69, 7.74
(d, J= 8.2 Hz, each 2 H, ArH), 7.83 (d, /= 9.2 Hz, 2 H,
ArH). FAB-MS (NBA, positive) m/z 616 [(M+1)*], 615
(M™). Anal. Calcd for C45sH33N3-0.85CHCI3 (615. 80): C,
76.78; H, 4.76; N, 5.86. Found: C, 76.85; H, 5.02; N,
5.73.

1-Cyano-trans-1,2-bis(biphenyl-4-yl)ethylene (3). A
solution of 11 (193 mg, 1.0 mmol) and 12 (182 mg, 1.0
mmol) in dry THF (3 mL) and tert-butyl alcohol (7 mL)
(4A molecular) was heated at 50°C for 0.5 h under the
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Pd(PPhs),
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Fig. 1. Time-dependent 'H NMR spectra of (a) 1 and (b) 2 in CDCl; (4 x 10™ M): 0.1, 1, 12, 14, and 100h (from bottom

to top).

argon atmosphere. Then, 37 wt-% (ca. 1.4 M) methanol
solution of tetrabutylammonium hydroxide (0.10 mL, ca.
0.14 mmol, TCI) was added dropwise for 1 min at 50°C.
The colorless solution was immediately changed to gray
suspension. The mixture was allow to heat for 2 h at 50
C. When the reaction mixture was cooled to room
temperature, it was poured into water and extracted with
dichloromethane. The combined organic phases were
washed with brine and water, dried over anhydrous
magnesium sulfate, and evaporated in vacuo to dryness.
The reside (307 mg) was purified by recrystallization
from hot chloroform (28 mL) to give 3 in 53% yield (190
mg, 0.53 mmol) as pale yellow plates: mp 202-204°C; IR
(KBr) 3050, 3033, 2220 (ven), 1487, 1447, 1408, 845,
764, 696 cm’l; 'H NMR (CDCI3) 6 7.35-7.53 (m, 6 H,
ArH), 7.60-7.82 (m, 11 H, ArH), 8.01 (d, /= 8.2 Hz, 2 H,
ArH); FAB-MS (NBA, positive) m/z 357 (M"). Anal.
Calcd for C27H18N3 (357.45): C, 90.72; H, 5.36; N, 3.92.
Found: C, 90.42; H, 5.37; N, 3.86.

3. HRRUEE

Scheme 1 IZ1¢EWy, HEULEMO G ZIT> /2. Z
T, NT2PU LREGFIE T TOREEBKRR O >
ETOFRKEDOHAKS Y T TR, 8 R OH I
TIVTFE RMRETT ) AFIARE D RO % #E
R &EUTHW , (k&Y 1-3 DOFREIL, FfEAN
7 BIVETRRERWEVIT o7z T LT 1 ERALDAL
R, BEObamoFA L 7« > 70 k> ofe
T REDERED (2)- BlilE ERE LTz

B U T8RO REE KRS 22017, K
Fbroor)L L (CDCL) i CHRKEED H
NMR HIEZ1T> 7. {LEW 1 TIX, FriEGE &3t
ZH LW T FIVISHBLL, $IT 7.4-7.5 ppm ik
DOZALNHMETH % (Fig. la). ZDREEITEEY 1
DofRERL, BEOLLKAFINNREFMLDORNT A -
S ARMAL E DB DOBRALKINHETL TS, b
B 2 ITBNTHMRITED AXRT SMIVELDFED
5417~ (Fig. 1b),

EF TH NMR OFfER KD 7 oofR)L L TOofiE
FORMRE I N/=D T, RITEIATHEBIN A XRT
WERW, \LBEYOREMEITDNTEIZHRE L /2.
fE&m 1 12BnWT, 7oorR)bA & MV T
FHRFEIED A XD RIVEEDGRO 57z (Figs. 2a
and 2b), BRET 7 MAELCEZZ &, ERRORT
AN S D AEANDEMEEZIRL TS, —F
MitE DMSO FFCIE, AR MIVZE(LIZFED 51T,
BEIFET 2 T ENHBL /= (Fig. 2¢). LB 1
13, RF— 707y —iEEETL20, 70
OFRIALENNVIOHTERSF— - 72T 5 —H
FDFk 2 BREY & LT, BMACRRANETT Lz
CHIETES, —F, MIEHEEETH 2 DMSO Tl
B EER DR EL I N, B RN
LT TR,

DMSO HTOREM.IL, L&Y 2 ITBNTHERD
537z (Fig. 3a), —7F4, RFI—M7 I 82 HL
B3R, 7oaRILAFTHAXRY MIVELZER
X9, BWREHEAL TV (Fig. 3b), ZDFEHE
&, Rb— 7727y —HEEMEEMDOREEIT
HEBEEBEZTWSZEZHERBL TV,
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Fig. 2. Time-dependent UV/Vis spectra of 1 in (a) toluene, (b) chloroform, and (¢) DMSO at 1 x 107 M (0.01 cm width

cell).
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Fig. 3. Time-dependent UV/Vis spectra of (a) 2 in DMSO and (b) 3 in chloroform at 1 x 10° M (0.01 cm width cell).
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Fig. 4. (a) Fluorescence spectra of 1 in DMSO, chloroform, and toluene at 1 x 10 M. (b) Fluorescence images of 1 in

DMSO, chloroform, and toluene (from left to right) under UV light irradiation.

Table 1. One-photon spectral data of 1, 2, and 3.

comp. A abs (nm) AFL (nm)
toluene chloroform DMSO toluene chloroform DMSO
1 406 405 413 506 550 630
2 - - 419 - - 578
3 - 352 - - 439 -

Table 2. Two-photon spectral data of 1, 2, 3, BTD-TPA, and AF-50.

comp. solvent conc. (M) 0 (GM) A TPFL
1 DMSO 0.7x 107 117 639

2 DMSO 50x 107 37 564

3 DMSO 1.5x 107 6 -
BTD-TPA toluene 50x 107 134 599
AF-50 benzene 33x 107 45 480

fb& 13 BEORMEZA L, DEFEhiick
O AHBEIC T & 5 A 72 (Table 1), L&Y 1 D
HARYT NV EFHEEE Fig. 4 129, JEMIED
NV H Tl 506 nm IZRMEFEADI G 2 SN0,
Z7oaR)LAH T 550 nm OEREFEE, FIC
DMSO H'TlZ 630 nm OFREFINITELL, FHER
N7 O XLDGRD 5Nz, TOREFIT,
Rb— 70275 —EEICE D THNEWHBEH
WKL THB0, ABFEOHTH 5256 I
PEDFBNHBAO RN AR E Nz,

B®BIZ, LEW1-3 O 2 6T WIURE % Ti:sapphire
L —H— (800 nm, 120 fs) & f\ /= Z-scan {E4 12K D
e U7z (Table 2). BIEEBIIZEEZEZEL T
DMSO z#ER L, FHEELE E L T AF-50 2 H
Wz, 10

2T WAL 2D T WA T T A 6 (GM) T AT
TN, LB 113 117 GM 2R LU=, ZOffEIE, %
g7 I —T THRELEXRXF T IT7 —)V2K
TIN5 BTD-TPA (134 GM) IZPLEd 2l TH 0, 4
B2 F R DN HER T E /e —H, N2E
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2T ) AF N EREA S DD T I AR D AR

CEROBMDIRN 2 T 37 GM TP L, N1 B
TROM/NCHEDSADHENFEHL T, RF—
WALEFELBRW3IE6GM THD, RF—--7rt
T —REED 2 TR EFRBICEE TH L 2 &
ZRBLTWS, BifR 26 PEEZERLZ 113,
2HFRIEICE D 639 nm IREFHNEH A, TD
HEAF VD TRE ToZNE Bifis—8ZExRL, 1t
FROVEF R, #REEEFZ/H L TRH CBik
REEDN SAREFENNEC TND I EE2REBLTNS,

4. ¥

AWHFETIE, 70275y —MHDOTT ) AFILXR>
BRI T DY I DEMEA L AR %
AL, TSNP FRIER I CREEZRT L%
S MMIT Uz AR, 26T X D MRk S
MR EWREAR R EEZE TSI EXD,
SEBAHIETEDERRNORH RN TE %,
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Phenanthrothiadiazole-based Blue Fluorescent Dye

Tsutomu ISHI-I, Akari SUENAGA*!, Kei IKEDA*!, Shogo AMEMORI*2, Seiji IWASA*3

4,7-Bis(4-methylphenyl)phenanthrothiadiazole fluorescent dye was synthesized and its blue light-emitting nature was
investigated on the basis of UV/vis absorption and fluorescence spectroscopy.

Keywords: phenanthrothiadiazole, blue emission, fluorescent dye

1. IIC®IC

AANARIZ ARG E L TR TE 2B TH
0, AENMERLEEL TRET 2WEE, FoR -
WO - 4 A7 L — - v o —%HDFK 4 O HE AR
OHFTHHINTNWS, IS DIEHDOERR S EH
ELT, 7IVAT—FHOMEL DRI THDE
i, frfa, REFENZERT SRR D BN
PEND N HIAL, FEREAOFEFICOFEIITII,
HEHKRNZE#T 572DICKEBRA NI AT
RARO 5N D, D EMREKIT, KF—-T 72
7Y —NROFEATH 50, FEICREEKREDE
W ECDORENEL 5,23

.S. .S.
S NN NN
N' ~N \ / \ N/
3 @ o
wl g O W O
Ar Ar
4,7-BTD 3.6-PTD 2.7-PTD

STCTHUHERTIN—TTIE, hy TV T K%
ETHXRFT VT =)V (BTD) #aFFHDA
IR L TE=, TORE, Al 47-2E#H
FER (4,7-BTD) MEWREREICMAZ, 727
V—IVERICER T 2 @O AL - etz H L Tn

FRE224E 8 H25H 2
LA
*2 PR A

*SEIERANFL AR EYE 15 5%
Copyright 2010 AR KT HEmEHFM K

HZLERHLU, AHRERFOC - BOHECRREE
b+ 2T HOCEZFE DFEMEIANEH L TE /.45
BTD I, ERHITMAEMRIRE TO@EWEEEZE
L, S5ICEWEERERTENZHNEARETD S,
LU, BTD OEWEFRAMEICERT S R — -
TR Ty —HRICE D REERESREES N, Eik
EHOFEFLCOFRBICHEEZH L TWi. 42 Z T,
RF—E LT 775 —FOEEREILEL, RI—-
TR TE R EREMT D ETHEORIEIER
nHEEE A Tz. AL TIE BTD ® n B R Z LR
Liz7xF>20F7 27 =)V (PTD) &4 Fikal
U7, PTD IRICIE, EHBAMEELT, 2,3,6,7-
fLDAEFRNHD D, —EHfkE L T 3,6-PTD & 2,7-
PTD T 65, I s EEAD AR EH
BRI DOV TEED S,

2. R E&

Phenanthrene-9,10-dioxime (14). 7 )L I &ML
72500 mLO =07 5 2312 1 (4.164 g, 20 mmol),
BaCO3 (5.92 g, 30 mmol), it koF )7 I >
(4.86 g, 70 mmol), EtOH (300 mL) % /i Z 15 FRFREfnst
It U 7z, BIRETHHAL, KISIAIRZ TR L
7z. 02 N ¥ (300 mL) Z N4 /=14, WEAEL,
7K (500 mL) & EtOH (20 mL) THeiH L, sAREED
HE9%) 14 20K 95 % (4.517 g, 18.96 mmol, 95 %) T
%77, Yellow solid; IR (KBr, cm™') 3169 (von), 3053,
2924, 1662, 1598, 1549, 1447, 1342, 1022, 1006, 961,
947,912, 755; 'H NMR (DMSO-de) 0 7.37-7.43 (m, 2 H,
ArH),7.47-7.56 (m, 2 H, ArH) 7.75-7.81 (m, 2 H, ArH),
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8.04-8.11 (m, 2 H, ArH) 12.14-12.43 (m, 2 H, OH).
9,10-Diaminophenanthrene (5).6 7 )L 30 3%k
T, 1000 mL O =117 < Z 31 14 (2.38 g, 10 mmol),
I4 /=) (500mL,4A EL F 1T —3 — 7 Tizl)
ZMZ, 10% Pd/C (2.5 g, WAKO) 2> L3 DIFEEL
ISINH ATz, 40C ITHEL, B R 1KY
DIy ) —)ViRR (& 8 Z 2 2 1KMY) 20 mL, T4
/ =)V 100 mL) ZfnZ, 40°C C2RERIMEL 7z (&
WIRIEI D S, 105 7= BEOBRERANZL),
FMITHH L%, 21 2L PdC ZFREL
7o T4 /—J)L (100 mL) TtF1 hZEkEHFL, 5
R EPEEIR Z P TOTRAMTA L 7218, £9 20
mL {278 % £ THRUEEHE L 7=, 7K (100 mL) Z 1A T
BERZri S8, WEA®L, 7K (100 mL) &mT
%/ —)V (70 mL) T¥HEL, HEAEKEEZ, A
EWBRN S A CTZBEREREARL -, IFETH
GEERO BB 5 21 70 % (1.46 g, 7.0 mmol) T
&7z, Yellow solid; 'H NMR (CDCI3) 6 3.88 (br-s, 4H,
NH2), 7.52 (dt, J = 1.5, 8.3 Hz, 2H, ArH), 7.62 (dt, J =
1.5, 8.3 Hz, 2H, ArH), 7.85 (dd, J = 1.5, 8.3 Hz, 2H,
ArH), 8.68 (dd, J= 1.5, 8.3 Hz, 2H, ArH).
Phenanthro[9,10-c]-1,2,5-thiadiazole (15). 7 )L 3
CHEASTF, 100mL ® 75 ZA3125(1.77 g, 8.5
mmol)&, EU 2 (2.06 mL,25.5 mmol, 4AEL F 2
T ——T TP, 7ooR)LA (34 mL, 4A
ELF 27— —TTTHEZE ZMA, KiaTH
HU s HeF4=)L (1.7 mL, 26 mmol) O~ 1
ORIV A (8.5 mL) IBHRZ200 /M Tl FL7=. K
EEDHITHE DB IR~T L > P D BRER
N Uz, KT, SRERMEBGER L 2. K
BTHHL, 1M NaHCO3 aq. ZINA THILF A+ =)L
oL, ISIEHEBETHRMLZ, ZoorR)LA
fhHE (300mL), /K% (300 mL), HEKERE~Y 7 %
UL THERL 728, WIE T CRIEEZEER L. 55
NE@EEKRZ DAV LA T TT 1 —
(Wako C300, Z7 B ORIV A/NFH 2 =32, (v/v) IZ
fFU, #EABKRDOEY 15 210 80 % (1.61 g,
6.8 mmol) Tf57/z, Pale yellow solid: mp 169-170°C;
IR (KBr, cm!) 3063, 3047, 1605, 1398, 1307, 1230, 958,
829; 756, 721, 567; 'H NMR (CDCl3) 6 7.70 (dt, J = 1.5,
7.8 Hz, 2 H, ArH), 7.75 (dt, J = 1.5, 7.8 Hz, 2 H, ArH),
8.53(dd, J=1.5,7.8 Hz, 2 H, ArH), 8.73 (dd, /= 1.5, 7.8
Hz, 2 H, ArH).
2,7-Dibromophenanthro([9,10-c]-1,2,5-thiadiazole(16).

IV UHFERESTF, 20mL 1175 A 312 15 (472
mg, 2 mmol) }2 X NBS (783 mg, 4.4 mmol) & A#1,
FIRAETH—ITHE L 2. KB THAIL 78035 i
& 2mL) Z2EXy hZ2HWTE2KICWwWEDEZ LD
OS> <D T L7 (REOBEKRAZ). Hik
TR L 288, K TmHALansKkzd->
SOMAZz. L ZEEZHEAEBL, K (50
mL) & X% /—)L 30mL) THFL, MR i
INZ 96 % , 759 mg)Zf57-., DMSO T S H,
Ry 7L —bE 180CTMEARL, ZIGAiE%
fm U TR L, e faER 321 mg) Z57z.
Hitmae b5 —ER0RL, EHEAEEKDOBNY 16
IR 27 % (155 mg, 0.39 mmol,) TH57z, 'HNMR®D
FRX D, HEIL90-80% THD, HIREDOFEXK
DS L7z, Pale yellow solid: '"H NMR (400
MHz, CDC13) 6 7.85 (dd, J = 2.0, 8.8 Hz, 2 H, ArH), 8.33
(dJ=8.8Hz, 2 H, ArH), 8.87 (d, /= 2.0 Hz, 2 H, ArH).

3,6-Bis(4-methylphemyl)phenanthro[9,10-¢]-1,2,5-
thiadiazole(17). VIV I VEHL A7 5 X IC
16 (180 mg, 0.457 mmol) & tetrakis(triphenylphosphine)
palladium (0) (53 mg, 0.0457 mmol), N>t >(9.14
mL, Ar /NT7'Y 27 30 min) & AT, 15708 #L 7=,
4-Methylphenylboronic acid (137 mg, 1.01 mmol) & 2M
Na,CO3 aq. (4.57 mL, Ar /N7 2% 30 min), EtOH
(2.29 mL, Ar /N7Y > 30 min)Z& A, 80°CT 17
BB L /=, |E X THAL, RISz Kk(0
mL) ZIA, HIEAFL > (20mL x 2) THiH L 7z,
BHAHZ B EE/K (10 mL ) &7/K (20 mL x 2) T
WL, BRI 220 LTEEELRE, BMET
TRIKEEE Lz, WEZUATZ VAT L7 OR
N5 7 1 — (Wako C300, 7 O ORIV L/NFH > =
L1, (v/v) L. BSOS a %
WOHL, BETTHEEZEELBABK (14 mg)
%157z, GPC ((RUZXFL >, ZooiR)lh) &
i (ZooORIVA/NFH ) THEL, BaEIR
@ W 17 2K 8% (15 mg, 0.037 mmol) TTH7z.
White solid; mp 252-253 °C ; IR (KBr, cm!) 3090, 3053,
3027,2955, 2918, 2854, 1615, 1501, 1455, 1370, 1327,
805; 'H NMR (CDCl3) 6 2.45 (s, 6 H, CH3), 7.35 (d, J =
7.8 Hz, 4 H, ArH), 7.75 (d, J = 7.8 Hz, 4 H, ArH), 8.01
(dd, J=2.0, 8.8 Hz, 2 H, ArH), 8.60 (d, /= 8.8 Hz, 2 H,
ArH), 8.98 (d, J= 2.0 Hz, 2 H, ArH); FAB-MS (positive,
NBA) m/z 417 [(M+1)*].
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3. BRRUZEZ

RO T 2 F AL > OF 2 HEERIEL T,

TROMRRIZ K2 T F 2 20F 77— )ik

BARO Gz L 7.
TR A T ORI~ F 7 27 —IVRER— T Y

) > K its: Scheme 1

T ORI Y T T SFT T —
JVERTE BRI s Scheme 2

PO Iy T T F T IOT Y —
JVERTE RS Scheme 3

P FTY PV —IIVRER T OE'{E—> Ty
7V 277 K is: Scheme 4

R A TIE, 7O (b 28295 3,6-—
BAROERZRATZ, LL, 3BEHOFF I A
DRITCKIGIZBNT, FEREOTOTHEDETS

7L, 5 25X 7%, Bt LT PA/Cd KD B
B TH D PAFib® 2 HNWTikA72h, HIY
MThHhsHYTOEK 4 2155 E3HKRM o
(Scheme 1),

B B TIX, Wy 7 U T RIBICK02EDFEE
REHILZEAR, F7 27 —IVRERERA -
(Scheme 2). LU, 2BRHODFF T A0 IZBNT,
HOEZAF > LMK 8 13561 T, B/ FFI A4
9 DEREMRLIZDHTH D,

g C T, Tosbkn! 2EET 5 2,7-2
iR D ARk Z it A7z (Scheme 3). NBS ZfW/z7 0O
Bl TESNZBAES 1 Oy T 27

FISIZBNT, HRYO &K 12 2452 Z LIk
iz LU, 8% DERICRICEEMNAEL, Rk
S N O e

o o Br, oL NH,OH-HCI HO-N_  N-OH
. BPO / hv Q.Q BaCO3
OO e
PhNO, Br Br EtOH / reflux Br -
1 Y. 63% 2 Y. 74% 3
HoN  NH, SN
10% Pd/C, H,NNH,- H,0 6 soCl, -
O - OO0
or 10% Pd/Fib, H,NNH,-H,0O X X pyridine B 5
r r
4: R =Br (0%) 6
5:R = H (3-63%)
Scheme 1
o O HO-N H,N - NH,
R‘Q—B(OH)z .
NH,OH-HCI ' 6
Pd(PPhy)4 o= BaCO; ()~ 10%pac (O

2

2M Na,COj ag. O Q EtOH / reflux Q
=

DME/85°C R
7a:R=H (Y. 72%)
7b: R = Me (Y. 55%)
7¢: R = OMe (Y. 68%)

10

Scheme 2
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R—@—B(OH) 0 O
NBS QL ’
;] — . Pd(PPha), .
e e e
conc. H,S04 2M Na,COs aq. 12
crude Y. 44% 1
DME /85 °C
Y. 8%
NH,OH-HClI HO-N_  N-OH
BaCO, )
------------- = - OO
EtOH / reflux
13
Scheme 3
BaCOs HO-N  N-OH 10% Pd/C SOCl, NN
NH,OH - HCI H,NNH,-H,0 pyridine o
, * %
EtOH / reflux EtOH / 40 °C CHClI; Q Q
V. 95% Y. 70% Y. 80% 15
S Me—@—B(OH)Z NN
N’ sN \N/
NBS \ Pd(PPhs), .
EXTe e e -5
conc. HSO4 g, Q Q Br 2M Na,COj agq.
crude Y. 27% 16 PhH / EtOH / 85 °C 7
Y. 8%
Scheme 4

%12, EREd TR C (Scheme 3)) DR 2
FATC, F7r 7 —IVERENEE

7o EES Y

7 T RIBZELTD Tl D) ZEHE L7z (Scheme
4, 7xF AL F /21 OFF T LIE, 10 Pd/C
BIT, 8 T U7 —IVRBRR? Z# T, NBS 7
OE(LIS XK OXIET 2270k 16 Z2amL
7zo Ef%IZ, 4-Methylphenylboronic acid & D 7F v 7
2T RIGICED, BINERTHLBEWHTDH S
PTD #5384k 17 215% Z LTI L .

AL 7= PTD #FEK 1713, LA TFL KUY
7 aANFH 2 HT 300-350 nm AT IR 2 5 2
7z (Fig. la and Table 1) RHMADMEEHL PTD 15 & (X
T, RERBREBIWWHBREERL, 2,7-(L\DE A
BADHENFEBL TWno,

N\SIN
18

WALATFL > RO ONFY >R TOHINEANR
27 MVIZBWT, PTD 17 13 418-463 nm ICHRYET
5 HEOFN% 5 A /= (Figs. 1b and 2b, and Table 1), #E
B 15 DEEEANCMES R E R L DIzt
LU, ZEHE 17 ZREEMCREFRIECE 5 X7
(Fig. 1b)o EFEDWIXA XY ML EFEERIC, B
ROBEFEMEZRLTWS, EIZ, ®ET 5 BTD %
K 18 DOFEAFEN (489-519 nm) & H#z LT, BTD
17 138K 7 &/RLU7= (Figs. 1b and 3a), Z#1
3, S FREATOT S 20F T OT7Y —IVRE

FICHD < 1 BT RIRMRNHEI LR TH
2
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Fig. 1. (a) UV/Vis and (b) fluorescence spectra of 15, 17, and 18 in dichloromethane.
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Fig. 2. (a) UV/Vis and fluorescence spectra of 17 in dichloromethane. (b) Fluorescence spectra of 17 in

dichloromethane, cyclohexane, and solid.

(b)

Fig. 3. (a) Fluorescence images of 15, 17, and 18 (from left to right ) in dichloromethane. (b) Fluorescence image of

17 in solid.

BTD 17 DA h—27 X7 Mi& 107-151 nm &Ml FEEORBHITKBEN TS (Fig. 2b and Table 1),
BIREL, WINEHEAARY MIVDEBZD DR BTD 17 IXEARIRE T 433 nm X2 5%, HHET
(Fig. 2a and Table 1), Z DO#ERIFEARRETOFE  DHFAFICOHENTE /2 (Fig. 3b).
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LR T INERZ, MHIHE R OHEIE TRIE L 7z
(Table 1), BTD 17 OfElX, B TH 0.2, EAR
HET 0.1 ZRL7z. IEOFREXD, 7x) > 20O
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081108; J. N. Moorthy, P. Natarajan, P. Venkatakrishnan,
D.-F. Huang, T. J. Chow, Org. Lett., 2007, 9, 5215; J. C.
Ribierre, A. Ruseckas, I. D. W. Samuel, H. S. Barcena, P.
L. Burn, J. Chem. Phys., 2008, 128, 204703; M. Shimizu,
K. Mochida, T. Hiyama, Angew. Chem., Int. Ed., 2008,
47, 9760-9764.

3)INSIEA =D AT MRS HRHEDCAZDH:
A. lida, S. Yamaguchi, Chem. Commun., 2009, 3002-
3004.

4) X. Zhang, H. Gorohmaru, M. Kadowaki, T. Kobayashi,
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