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Abstract: A variety of dyes are commercially available today, there is an ongoing need for new
chromophoric systems and low-band-gap materials. For example, near-infrared (NIR) emission has
received increased attention for applications in bioassays and medicine while NIR absorption is demanded
for laser-welding of plastics or efficient blocking of heat rays. Most of the commercially available NIR
materials are not suitable for such purposes owing to their insufficient stability. We have developed a
novel NIR-absorbing polyaromatic dye. By extending the system of perylenebis(dicarboximide)s along the
molecular long axis, we have obtained the higher homologue pentarylenebis(dicarboximide). We have tried

to introduce imide functional group to pentarylene in order to increase chemical and thermal stability.

Keywords: NIR colorant, Pentarylene bisimide, Perylene

1. M B st A A MAE A F3A Aot A 9

ZYAE ALE F83E A7 A AAFLeRE o

AAl gHl= A2 AE f8 o2 A TIEEe]l FoAA L vk 2A49Hd (NIR) Fivs 245 7
HEEHO Uttt «& W dnt¥oez Fo=z Y Asla e BAY 1fF AT AL 22 HHE
7bedk I 19, oY 7HA ERad olf, F ZHAAL Qo] Edo] ZALME wod AU H T
e ol &g EERIM Fol Adnk oldl trdd 9 Hd@dd s AL duATt 24 WEE F
WA ZleEe]l IAT YAE FEAMZ|o wgdy x4 ke 5EAES JFA I AT [1] ol"d 1RE SA4E
So] 9uizse] WwaR s B2 #7159, AE  vl¥ o2 optical recording [2]. NIR laser filter [3].
B5S gHxsE AT oI gxUAE 9% 7] solar cell [4]. NIR photography [5]. 59 MZ& 7]
sAdol a3ty 1% YEUAE MAe] A9 ¥ &RokE HE&d F Utk o8 7FA NIR colorantZ
FA MArEM 365 nme| ALlHMo g of7]A]#A Hot o phthalocyanineZl, naphthalocyanine”|, dithiolan
AE Flste Bl 8424 @Wol AEEHo] $rh. Ni complexl, diimmoniumAl o] QAR A9
shAIRE kAl ek AAF A WE vl E=S FFd7F 700 nm ~ 2,000 nm= w5 W 7] wfsol
Wbkl y] Wl NIR (near infrared) F 9 olA 73 574 NIR colorantol ¥ o|&3tH RE HeE 2

=
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colorante] 7ol HQ3stt} [6]. I & ryleneAlol Ul
3 NIR colorant®] A7+ o2 3147 rylene

o] A&AHQ oFAY TV AT MVBA, FE
e EAE o]&3dte] NIR colorante]l 233 Z4S
Azstr] el AT7F Jg o] gk [7]. 2 A
ol A ¥E3 quaterrylene FEAES AS$ Z2HdA
g F9iid 766 nm Fo] S FFEEA
160.000 g/cm mol®] #Hold & F3 547 44 <
AAS YERATE [8]. Yol A AFE npep o] 2

Ao v dge] wlg w7l Wl quaterrylene
43 Ry ¢ AR g9e B4EE 4 o]‘_‘:.

rylene =412 7ol &%t Quaterrylene

A 2ok o g d9s Fsh] Hske quaterrylene

FeAEg o 71 %%“%Li-% Z4= pentarylene 1= X]

TR Bd=m dAste] § a2t ]Eﬂ
pentarylene ‘ITEZﬂ of ojsk

2 yekEA, WEmd F

54 Alds T8

I~

fo Jm ox
ol ox ot

=R oH-E
21 N2 & BAMT(7]
A& AFR3F  perylene-3,4,9,10-tetracarboxylic
dianhydride, potassium carbonate, Zn(OAc): - H:0,

2,6—diisopropylaniline,1,4-dibromonaphthalene, bromine,
bis(pinacolate)diboron,1,4-dioxane,anhydrous toluene,
tetrakis—(triphenyphosphine)-palladium< AldrichA}ol
A ]deke]l AgAl flel wmibR AREEERlal,  imidazole,
chlorobenzene, 4 Na:SOs+= Junsei chemicalA}oll A -
Yato] AR AEatAdnh AEsPA 3 AZefEIIE T
/\}ga 70 €9 hexane, chloroform, dimethyl chloride:=

Fyeatol Al Fste] ARgsRtE 'H-NMR spectrum-S
JEOL JNM-ECP 400 MHzE 1 3 SAetiaL, &l

+ AldrichAte] CDClsE AH8-3F AE JEOLAFS
IMS-700% o] &3 HHFEMS 19tk =Y Elementar
AFe] Vario macro/micros o] &3] QAEAS A
3R, TGA =4 Perkin Elmer 72 o] &3lo] %
4% 10C/mine 2 A4 715 stellA 900C7AHA =
7‘3 0]’ 2

2.2 Scheme of pentarylene bisimide

= A, A25A A25 pp. 140-146, 20124 24:
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)
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Scheme 1. Synthetic path way to N,N’-diisopropylphenyl-
1,6,8,10,12,14,17,19,21,23-decachloropentarylene-3,4:15,16-tetra—-
carboxyl bisimide: (i) imidazole, H.O, zinc acetate, 170C,
20 h; (ii) Bry, Chlorobenzene, 50C, 2 h; (i) PdCl, (dppf)CH
5Cly, Potassium acetate, 1,4-dioxane, 80C, 24 h; (iv) Cs,
COs, Palladium 24 hy (V)

Toluene, compound, &85C,

anhydrous aluminum chloride, chlorobenzene, 70C, 2 h.

221
N=(2,6-diisopropylphenyl)-perylene-3,4-dicarboximide &M

N-(2,6-diisopropylphenyl) -perylene-3,4-dicarboxi
mide(1). 250 ml  8%¢]  autoclave ¥
perylene-349,10-tetracarboxylic dianhydride (25 g, 63.78

mmol), 2,6-diisopropylaniline (656 g, 35.08 mmol),
7n(OAc)2 - H.0 (3 g, 13.71 mmol), imidazole(128 g)
o} THS (54 mL)E ¥ 170C= 20413k mutabd
A HESAIZ & kA WA AIZIYE 300 mLe)
FE ol&s FA o IAES 1L vAAN &7
Aty 7 Tl 32 HAES 2N A 78
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/W EFS[300 mL, (1:D]IE AolFi, FHFF/Me
[200 mL, (I:D]Z 9] AolF H, 70Ce] JFEq
A 24N AR dzxE BEL
chloride(DCM) : hexane &3 &ul& o]&3] 7}
A # ARvEIRSE gt 524

2 AAES A=t [9]. yield: 30%, Ry 0.67 (silica
gel, CHoCly) "H-NMR (CDCly): 6= 865 (d, 1H, J=
2.1 Hz), 863 (d, 1H, J= 2.2 Hz), 843 (m, 4H, J; =
6.96, Jo= 7.72 Hz), 791 (d, 1H, J= 1.84 Hz), 7.89 (d,
1H, J= 1.80 Hz), 7.63 (m, 2H, Ji= 8.08 Hz, J»= 7.68
Hz), 748 (t, 1H, Ji= 7.68, Jo= 7.72 Hz), 7.34 (d, 2H,
J= 768 Hz), 277 (m, 2H, J;= 1392, J.= 1352 Hz),
1.18 (d, 12H, J= 6.96 Hz)

2.2.2
N-(2,6-diisopropylphenyl)-9-bromo-perylene-3,4-
dicarboximide &

N-(2,6-diisopropylphenyl)-9-bromo—perylene-3 4-dicarb
oximide(?. 1 L A7 ket FEhaTo|
N-(2,6-diisopropylphenyl)-perylene-3,4-dicarboximid

=
T

e (3 g, 6.23 mmol), potassium carbonate (3 g, 21.7
mmol)& chlorobenzene (450 mL)oll wLHk3lo] &3
A1}, Bromine (199 g, 2492 mmol)&
chlorobenzene (45 mL)o] =91 ¥, 99 Zg}=o
AHAS) H7p & 50CTE 2417 gAY A=
7] 2 chlorobenzene® @& bromineg A A3 H,
F/chloroform< °| &3 FEgth T &
chloroform& A|Aste] H24 By el A
S d=v} [10]. vield: 89%, Re 050 (silica gel,
CH:Cly-hexane, 9:1) '"H-NMR (CDCly): 6= 8.64 (d,
1H, H-2), 862 (1H, H-5), 845 (d, 1H H-1), 842
(d, 1H, H-6), 8.37 (d, 1H, H-12), 827 (d, 1H, H-7),
820 (d, 1H, H10), 7.87 (d, 1H, HR), 7.69 (t, 1H,
H-11), 7.47 (d, 1H, H-16), 7.33 (d, 2H, H-15), 2.77
[m, 2H, CH(CH;),], 1.18 [d, 12H, CH(CHj;),1.

2.2.3 N-(2,6-diisopropylphenyl)-9-boronic
ester-3,4-dicarboximide &M

N-(2,6-diisopropylphenyl)-9-boronic
ester-3,4-dicarboximide(3). 250 mL A4 & vt
Zglx=1o] 14-dioxane 150 mLE ¥ 1 Zet2=
ol Ar, ZIAZ AARE A A A 71T}

=3
A= E’—T

N-(2,6-diisopropylphenyl) -9-bromo-perylene-3,4-dic
arboximide (2.5 g, 4.46mmol), potassium acetate(1.3
g, 13.38mmol), bis (pinacolato)diboron (2.83 g, 11.15
mmol) & W¥F AlZ|AEA =9l FH Ar, 7F= AHE
At 80CE 24417 HbEAIZIY, Hkgo] EuH
A Y4AZ FH, 57 5/chloroforms  ©]-&3l
FE30 B¢ NaSO2 A3 5, Jdzur|=z
chloroform& A7 &}3 chloroform : hexane &% &
g o] gd A7t @ AZeEIYIE 25N
ok 9 EEHS dstd 271A] AN ES A H+e
o, 2 A, TLC AollA RS ¥ &4 FE 9
23 APES 45 F Atk [yield: 39%, Ry 0.33
(silica gel, CH.Clo-hexane, 9:1)]o]x, & WA, &
A o A EZQ A5 R
9,9’ -bis[perylene-3,4-dicarboxylic—3,4-(2,6—-diisopropy

Cox o
N rlo

Ky iy

Iphenylimide)]& HAAAEZ dAo [11].  yield:
9.2%, Rg 010 (silica gel, CH:Cl-hexane, 9:1)

'H-NMR (CDClLy): & = 883 (d, 1H, J= 804 Hz),
886 (d, 1H, J= 3.28 Hz), 864 (d, 1H, J= 3.32), 847
(m, 1H, J;= 8.04, Jo= 19.08 Hz), 821 (d, 1H, J= 7.68
Hz), 768 (t, 1H, Ji= 804, Jo= 8.08 Hz), 7.48 (t, 1H,
J1= 768, Jo= 7.68 Hz), 7.34 (d, 2H, J= 7.72 Hz), 2.76
(m, 2H, Ji= 6.60, Jo= 1356 Hz), 1.47 (s, 12H, CHy),
1.18 (d, 12H, J= 6.96 Hz)

2.2.4 1,4-diboronic ester naphthalene &

1,4-diboronic ester naphthalene(4) 250 mL 47 &
& vty Zg2~39 14-dioxane 50 mlE 10% &< Ar
, gas “JHlolA 1WFAIZIY} 14-dibromonaphthalene
(1 g, 349 mmol), bis(pinacolato)diboron (2.3 g 9.05
mmol), potassium acetate 1.7 g& ¥il Ar, 7}~ 4
HE f28ka 208 3F wWkA|Z1Y [pdel, (dppf)] CH
,ClLbE 01 g ¥ Ar, gas Ho|A 80T 2447+ 1t
AT BEES R 5 (o] FE A4 338 HFE]

stol g AN F, FHF DCM ol &

E o %
sto] FZstA o

FEES A7 3, column chromatography
(hexaneZ} DCM Al&)o = Hsle] ZAeo AAE
S AT

yield: 56%, 'H-NMR (CDCl): 6= 809 (d, 2H,
221 Hz), 769 (d, 2H, 3.24 Hz), 766 (d, 2H, 2.36
Hz), 1.3 (s, 24H, CHs). MS (8 KV) : mz (%) 381
(100) [M+].
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2.2.5
Naphthalene-1,4-bis(N,N'-2,6-diisopropylphen
yl-perylene-3,4-dicarboximide) & A

Naphthalene-1,4-bis(N,N'-2,6-diisopropylphen
yl-perylene-3,4-dicarboximide)(6). 500 mL 4+
Foaty FekaAd o T 2 (2), DS 21 &
v 2 Z+ 7+ 0.29 g (0.52 mmol), 0.1 g (0.26 mmol)®
A7Vetal Ar, 7h=E FYste] EFebaA WS Ar, A
B2 w=t) Cesium carbonate (0.51 g, 1.56 mmol)
S H7}sla anhydrous toluene 50 mLS ¥ i 20%
o udksty 9] EHS 3] Hduh mix e =
tetrakis (triphenylphosphine)palladium(0) (0.042 g,
0.036 mmol)& ¥ Ar, 7} 97 oA 8T
24A1 2 BHFAIZITE REgo] b AdR7hAl Wbl
H, S T/chloroforms o] &3 F&3tt). 3 HdF5L7]
& chloroform= #|#&}1, chloroform : hexane 3%
| E ol &3 AgyHA # AZrEIYIR &3}
of A4 % YHo AAHES AU yield:

of Hig WHoez (3)7 G)EZS 21
=]

(CDCly): 6= 885 (t, 6H, Ji= 8.02, Jo= 824 Hz), 871
(d, 2H, J= 7.93 Hz), 868 (d, 2H, J= 8.12), 857 (d,
4H, J= 6.22 Hz), 813 (d, 2H, J= 866 Hz), 7.98 (d,
2H, J= 7.21 Hz), 763 (d, 2H, J= 754 Hz), 742 (d,
4H, J= 642 Hz), 739 (m, 2H, Ji= 7.38, J,= 7.38
Hz), 727 (d, 4H, J= 6.78 Hz), 2.83 (m, 4H, Ji= 6.82,
Jo= 6.82 Hz), 1.31 (d, 24H, J= 7.59 Hz). MS (8 KV)
*mz (%) 1087.6 (100) [M+].

2.2.6
N,N'-diisopropylphenyl-1,6,8,10,12,14,17,19,21,23
-decachloropentarylene-3,4:15,16-tetra-carboxyl
bisimide g

N,N’-diisopropylphenyl-1,6,8,10,12,14,17,19,21,23-de
cachloropentarylene-3,4:15,16-tetra-carboxyl
bisimide(7). 50 mL ©]F T uwlg Zglxazof, oo
AgeA d& (6)H =4 (0.1 g, 0.09 mmol), AlCI,
(0.1 g, 0.735 mmol)¥} chlorobenzene 25 mLel] =9
80Tl A 2A1%F nlwkelA A QA ZITE REGo] £}
W Ae7kA WA H, des 150 mLE #H7be

3

o AAE AAES o35 DCMoz 2583 A

5 143

oF ¥ AxAA AR B2 Fele] HE AYRL
Ytk ARG o g3l AZBAL FAPd

yield: 28%, [C,gHyN2O, calc.:C, 65, H, 3.1; N, 1.9.
Found: C, 69; H, 3.4; N, 2.8%]. IR spectrum(KBr) :

v=3105(C-H). 1701(C=0), 1692(C=0), 1588(C=C),
838(C-CI) cm™ .
3. #a ¥ n

3.1 Imide 27|29 o4&

WA 7 AEEE FZ(rylene derivatives)E 3}
g4, Fgstg oz w9 A AAE AN 2+
A dde wF BRe A9d 52 7HAFA F9 e
e @ B4, gz WA dEEE
WFzx7F AAAFE S5 S Fud ggo=
olsgtty. 1y FATFRI AAAFE 7] &0
of gt &=yt Padste AEFS LEIT BobA
Ao £E2F UEvd S &dd digt §=7}
BGSrE FHYsAT, U &EE7F wow Aol
o] $o] wEr} Rylene TFoA £ %+ imide
Z1el e AFr1e FHA wEA FER ARG
ol ARF=E E4, gty oz A JHE /A
sl A, Gl BAIE SAA ddsr] Yste] V&
o 71 & A& diAlel uS ks, dA FelE
zbe= whekE Pzl 2 6-diisopropylpheny 7] S limide
28700l =dste] E4 - ey A S A vE
I, g EAL A5

3.2 pentarylene Bisimide2| EZ5A

4% N N’ -diisopropylphenyl-1,6,8,10,12,14,17,19,
21,23-decachloropentarylene-3,4:15,16-tetra—carboxyl

bisimideZ CHClz &v"je] 3 ppm HEZ =9
UV/VIS/NIR ~=HEHS 43t 17 1o YE
At 862 nmolA HAdEFE e en, HAdE
Fubol A 04199 FFEE YERUAL o AXE

o] g3ty EFHFAFTE At
mol®] w9 F =FFATE 2= As Gl
BoAFgo|q o] TEI quaterrylene FEAE
766 nmell A H5F 9GS YERUd=d (8l
T%9 ZolE H5d pentarylene F =4 2F 100 nm
A= HdF ol Fad G om o]Fo] dof

°F 190,000 g/cm

4y
A
ES
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Fig. 1. UV/VIS/NIR spectra of pentarylene bisimide.

W Wk olg BEEFASE AA FUtEe B
S48 el o]k Zo] pentarylene FEAE=
862 nm FHFF Gl i Hold FHELE e
ol 71& =3 A colorant’} &58FA &8t w3

~

%l
FANA B = oA, A2 AL A colorant
29 o] go] 7}ed Fow A7t}

3.3 pentarylene Bisimide2] €& Mzl

N,N'-diisopropylphenyl-1,6,8,10,12,14,17,19,21,23-de
cachloropentarylene-3,4:15,16-tetra-carboxyl
bisimide?] ¥ #FHEA (TGA) Ax4E 9 20 e
i At

A2 715 st &
00C7HA F4% 2
27 AT, oA

ok e 300C o] -

E
=

10C/min &2 0TH
A F el
G Aoz 7t

wAH T Fa7t

=4
%x7]

e e o oy @

al
glo] A% rylene TR W A2
2,6-diisopropylphenylimide #}-87]19] &0l 7 7
oz FAHJI.

kel 3
B E WG - i 0 o & T ann m
Teeparalue "G

Fig. 2. TGA spectrum of pentarylene bisimide.

3.4 pentarylene Bisimide2| LHE0jA U
Listst M

)
o
2

o M
op
=2
oL

&2 ok
& ooy

2

¢

A

IG5 o a2 EE JEpd 19 oA &

Ao =, ethyl alcohol, ethyl
perchloroethylene 72 7] oA Az A3} &
o WRALgo] A {ASHA SAHEANLSH, xylene,
solvent naphtha, toluene®] &vjolMd = wj$ e &
%5 uJelldd. 283 pentarylene bisimides
NMR #4jo]t} MALDI-TOF # iAol Brlsdd
AERE HE oo e =& YEH AT

A4 BAQl 20% acetic acid, 2% sulfuric acid,
5% hydrochloric acidol] 2] A, & o] HkAl& X}o]7}
Aol gk =3 Fr1A 9] 2% sodium hydroxide, 5%
soup solution, 5% sodium hypochlorite® & A]]
= AiFeR e bEAS YER AT

olgjgt Azl o)A quarterrylene
bisimide FEAET A 53k WAL 2 WkE

)& pentarylene bisimide’} 7}ES &g 4= )

acetate,

L
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Table 1. The reflexibility properties of pentarylene 4. 4 =
bisimide in various solvents according to time and

temperature. perylene-bisanhydrid®l] 2,6-diisopropylphenylimide
Solvent Condition Eiefczre éftir 248715 =93l9] perylene monoimide(1)S 34 s}
r—— 556529 5:24 3, 9-bromoperylene monoimide(2)¢} 1,4-boronic
anaar - . . . .
Eiel aloonol e 30 m 6 = ester naphthalene(4)2] suzuki coupling W53} AICls
L ' 2 olgd WAF nes WL Fahel 2 Tz
Ethyl acetate 23T, 30 min 53.18 59.57 - — e o a ~
Perchl £ ztE= pentarylene bisimideE &4 6} St
erchloro- . . . — )
ethylene 23°C, 30 min 5359 58.16 3o wHE o] ¢lE 9-boronic ester perylene
Xylene 23T, 30 min 53.94 58.33 monoimide(3)¥} 1,4-dibromo naphtalene(5)2] suzuki
coupling ¥+S3 w3l wLow HE EZZEAS
Solvent 23C, 30 min 5398 5820 coupling WL e}t b A3 e
naphtha AT & Joy Agder F8o] Yu, BE
Acetone 23°C, 30 min 52.99 60.08 AANE oeLo] Q7] wjEo] XA A3 HpH o
Toluene 23°C, 30 min 53.72 59.34 2 AL =789 AR NMREA S E3
0% Beetic 3¢, 30 min 5372 492 ZUHASS A APe SQa, AE ANE
- & g3 =7 w$- Yo} NMR #4 o]y MALDI-TOF
2% Sulfuric 23C, 30 min 53.70 56.40 Halo malar o o] r
acid ’ : : 4L Fgt 5 7F gy a8y dAENT

_ RS E3 ] 22 #olatd
5% Hydro 93C. 30 min 5390 5536 FT-IRE =3 pentarylene bisimide T 3t
chloric acid

om T3 UV/Vis/NIR ~FEH|A 862 nme
0, 3 — -
Zh/; podiem 93¢, 30 min 5426 5942 5594 02 pentarylene bisimide® AL 1A
oS Moz ge £ Uirh
5 oap g . _ N L.
solution 80C, 30 min 5447 7003 %4 pentarylene bisimidey: %291 wldle] 11
: FATFERE Ao R XM Jl 862 nmollA FH
0% Sodium o3 30 pin 5567 50.10 e e
hypochlorite NEFads el e, HoiE&5agel 4 190,000
Hot water 100C, 30 min 54.22 62.14 g/cm mol AES WS 2 EE3ASFE etk
synthetic o3 30 min - 5512 s611  EE TGA EAIAE 300C/HA AAR APt
perspiration o x

80.00

70.00

60.00

50.00
40.00

30.00 A < A5 2= ol A
W Before test[%R] NIR _'—L'i ToE oM = N

20.00 W After test[%R]

10.00

0.00
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