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Subphthaocyanine (SubPc) derivatives consisting of the different kinds and positions of substitute group were successfully
synthesized using various types of the precursor as the intermediate compound. The chemical structure of precursor and prod-
uct was determined by the means of 'H-NMR and FT-IR spectrometer. Also, spectroscopic and crystalline properties were
determined by means of UV-Vis spectrometer and XRD, respectively. It was found that SubPc derivatives absorbed selectively
visible light ranging from 560 to 600 nm, their solubility was enhanced by introducing substitute groups, and their maximum
absorbing wavelength was shifted by changing the kind and position of substitute groups.
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Subphthalocyanine (SubPc)2 Figure 19 WEb 3lek+% w83}
o5 FEIAA N R - A Fopo] &3 dhgE wha o] Al 712l diiminoisoindolineo] ®&2] F9)o AR A3 ¥
ol tyAZEgol o] F Aol vle- SoE 1 ek o Hell= cahode B2 19721 Mellers} Osskodll 2]zl #5025 T4
ray tube (CRT)7} vl &-tiv] &x7F 718 g9 sk txZeo)o]9la, SubPce] 1471 7 A o} EubE AJAHLE Bl E RS
FPAE}, tigsl, BHs T3 2 VEdalor 14537 o] FaL glo] FHe x HAE 7HTH5,6). SubPce] HE5g FE 9}
a1, 019 Fot A EoEx 9l Aotk dH, e, A, FHe x ARl 7105k v Y FEaA7], FHE A, vldlE
Azen Ay 59 HollA AE-2 7FA = liquid arysd display (LCD), EFZ AJohd 3“3*‘1 A LA|[8], photo dynamic therapy A~ A[9 = F
plasma display panel (PDP), field emission display (FED), organic light -3 9l A, SubPel] AlZzelA AT A FAo] vl 7t
emission display (OLED) 5] flat pand display (FPD)7} Zh3 1L thEar, X g ] 7} 9= SubPe= 7] Ewljell thsh &-afAdo] uig-
UTHL2). o]} Zo] FPD ool 7]% WA v Eo] olef 5 W& o] QIAIRE oF 560 nm Fell A w2 A YA FREES
© 17154 FPDE &2AIE /dsly] f1ek Ao ##s] 113y Zt ok Rl v10]. wEb 2 Aol SubPe 3R ES
I lom, FPDE &AZ 3857 flste] B84, 88hA] 9l a4 PDP W] 238 A2 2] AMS 7HeAd& ZAFsEY] flste] Sl
S HASHEAME Bt 948k J8h4] BAdo] eg-Hrt ¢k, 7} $-5=3kaL oF 580~600 nmellA] =& FF 542 AT & Qe
PDPo| A= Eefzute] o&] g uf, AAHOZ HAx}s, 48] SubPe SHHES $dstaAt X7 0%9} A7} el gk subPe
A, v Fol BASHA Hed, 53] dAE vl 32 g FEAES PN, ol5e Sl 54 9 Bty 54
A e FAHNE LAtk F, 33d)7F oF 580 nm 2] U] v A skl ch
2 We elA Mo F WA 7]7] wiel] Rt A g
< 1717} wl-¢- ol sich kA FEbdE & o] g3l A PDPUIY-
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Subphthalocyanine 3}3t&

Figure 1. The molecular structure of subphthalocyanine.
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Scheme 1. Synthesis of 4-nitrophthdonitrile (1) and 4-octylthiophthe onitrile
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Scheme 2. Synthesis of 3-nitrophthdonitrile (3) and 3-octylthiophthdonitrile
4.

24 ¥

21 NP =3

2 A ¥of| A phthaimide (Aldrich Chemical Co., 98.0%), 3-nitro-
phthaic acid (Fluka, 96%), 1,2-dicyanobenzene (Acros Co., 98%), bor-
on trichloride <=8 (Aldrich Chemical Co., 1 M in p-xyleng= 7] &
Sd=d® AREER AL, B A glo] aulE ARkl B,
sulfuric acid (Duksan Chemica Co., 95.0%), nitric acid fuming (Junsei
Co., 90.0%), anmmonium hydroxide (Duksan Chemicd Co., 28.0%), thi-
onyl chloride (Duksan Chemicad Co), potessum carbonate (Duksan
Chemica Co., 99.5%), octanethiol (Aldrich Chemica Co., 98.5%), acetic
anhydride (J. T. Baker., 97%)> 25 A Qo] I1ti2 A3

B FREAL 400 MHzS *H-NMR spectrometer (INM-
ECP-400, JEOL, Japan)$} FT-IR spectrometer (GX, Perkin Elmer,

A &8 2 EA v 47
R, R,
R, R,
Ry
R3 CN BC|3 N
— | ©
Ry
Ry CN N
Ry
5: R,=R,=H. R, or R.=NO, Ry
6: R, or R,=NO., R.=R,=H
7: R,=R,=H, R, or R,=SC H,, R,
8: R, or R,=5C.H,,. R,=R.,=H Ry
9: R,=R,=R.=R,=H

USA)E o]&-3to] sttt 384 5742 UV-Vis spectrometer
(UV-3150, Shimadzu, Japan)E ©]&-3F31 o, A4 542 XRD
(X' Pert-MPD System, PHILIPS, Netherlands)S ©]-&3Fo] H] w438}
At

2.2. %I-Ao-l
PID controller7} #2871 WiEo] $%7)9F wwt7)|7F B2
AT EFEkAaE o) &ete] S FAsIT B AR A
%= 4-nitrophthalonitrile (1)< Young®] ®H[11] © & Scheme 12
AU Z phthdimideE 352 2 319 4-nitrophthaimide, 4-nitro-
phthalamide, 4-nitrophthalonitrile?] o= 3/d35F3At} 3-nitro-
phthalonitrile (3)> George®] ®H[12]°.2 Scheme 29 +A U=
3-nitrophthaic acidE® &=2&E2 % 3}o] 3-nitrophthaic anhydride,
3-nitrophthalimide, 3-nitrophthalamide, 3-nitrophthalonitrile] OS2
/333t 4-octylthiophthaonitrile (2)3} 3-octylthiophthalonitrile (4)
< Georged] WH[12] 2.2 Scheme 29} Scheme 32} #o] Z+Z} 4-ni-
trophthaonitrile (1)=} 3-nitrophthalonitrile (3)S ©]4-3l1 octanethio
]5“]74 AT HEEAA =D SubPe A= 1l &4
TAZFENH Fo1% Scheme 39 SATIE of gl o] AA
9_ 2 ELH ].oﬂg]r

2 rmm

2.2.1. Chloro [2,9,16(2,9,17)-trisnitrosubphtha ocyaninato]boron (1) (5)
o| %I—A-I

SubPe =4 (5)F $dsH] Hsk T E82~3ol 5 mmol 9
4-nitrophthalonitrile (1)¥} 5 mL<] boron trichloride =&<4(1 M in
pxyleneS Fst & of= 3 F9715leA REEES 8] o
3lAA 5 Timing 2452 140 CT7HA] 24120 &, 1h &
AT FHES Aoz WA, sk %UH%
AAZ F, ¢k 60 TolA 12 h &<t A AZ=AF T HE4
column chromatography (SO, ethyl acetate) S ©]-&&ko] AxH &
=5 AAlstel FAe aAAYE A3k Yidd: 80%; FT-IR
[(CHCl3), v cm?]: 1618, 1529, 1342, 977; *H-NMR (CDCls, ppm):
9.78, 9.79 (2d, 3H), 9.05, 9.07 (2d, 3H), 8.86-8.88 (m, 3H).

o
oilﬂlé

2.2.2. Chloro [1,8,15-trisnitrasubphtha ocyaninato]boron (1) (6)2 &M,
SubPe F=A (6)= T3] kel 7] 22133 w3 By
O F 4-nitrophthalonitrile (1) thAlel 5 mmol2] 3-nitrophthalonitrile
?)= 75t A, 54 22+ column chromatography
(S0, toluenelethyl acetate = 10/1)E ©]4-3F0] =S A A5}
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Figure 2. FT-IR spectra of subphthalocyanines derivatives (5-9).

wHepaol 1R A4S ) Yidd: 12%; FT-IR [(CHCl3), v cm™:
914, 1607, 1537, 1353; 'H-NMR (CDCl3, ppm): 7.99 (t, 3H), 8.15 (dd,
3H), 8.58 (dd, 3H).

2.2.3. Chloro [2,9,16(2,9,17)-trisoctylthiosubphthal ocyaninato]boron
(Im) (7)<l gd.

SubPe A4 (7)& ] flste] 7] 22183 Fde U

© 2 4-nitrophthaonitrile (1) th4lell 5 mmol 2] 4-octylthiophthaloni-

trile (92 T8l A8, FFE2 072 column chromatog-
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Figure 3. 'H-NMR spectrum of subphthalocyanine derivatives (5-8).

raphy (Al,Os, hexane/CH.Cl, = U1)E ©] £33l &S A5
IRAER AR AAEE LAt Yidd: 27%; FT-IR [(CHCl),
v cm']: 970, 1715, 2926; 'H-NMR (CDCls, ppm): 0.88 (m), 1.2-1.8
(m), 3.2 (m), 7.8 (m), 87 (m).
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Figure 4. "H-NMR spectrum of subphthalocyanine (9).

2.24. Chloro [1,8,15(1,8,18)-trisoctylthiosubphthal ocyaninato]boron
(Im) (g2 &d.

SubPe 1Al (8)= TSkl fske] 7] 22193 FL T B
S 2 4-nitrophthaonitrile (1) ti4lell 5 mmol ] 3-octylthiophthaloni-
trile (A5 T8l A8 AL, FEZ 2= column chromatog-
raphy (AlOs, hexane/CH.Cl; = /)5 o] &3}o] A =& Al }o]
FEA uAAAS AT} Yidd: 9%; FT-IR [(CHCl3), v om™:
911, 1726, 2926; *H-NMR (CDCls, ppm): 0.87 (m), 1.2~1.8 (m), 3.03
(m), 7.47~7.6 (m).

2.2.5. Chloro [subphthalocyaninato]boron (I) (9)2] &H.

SubPe 24 (9F FA ] flste] 7] 22183 Fde WU
©. 2 4-nitrophthaonitrile (1) thAle] 5 mmol 2] 1,2-dicyanobenzenes
Fate] FAela, AFAorE PSS TSR 24 h B2t
soxhlet “gAlate] 2429 TAAHE AUTh Yidd: 41%; FT-IR
[(CHCl), v om?: 1613, 1455, 1281, 1131, 950, 748; ‘H-NMR
(CDCls, ppm): 890 (m, 6H), 7.96 (m, 6H).

3. Zu 2 nE

31 =Y

AE SubPe FEAEL FT-IRZ 'H-NMR A Eg}E o] §-3}0]
1% % sholald oz, o] 9] A= Figures 2, 3W 49 ZHzF YERY
2t} Figure 20 o] SubPe FEAE 2 FT-IR A EHS A
B, E— AlZ 56,7, 8% 99A] A= A8 dicyanobenzene
FEA 9 BFEAS e} 2300 emtol| 4 9] C=N A ] <3k
EA 93 AgA 1, SubPe R A 8] BFEAS e 1600

cmitell A e C=N Aol o3t 54 v =7} EA8}aL, 960 cmitel| A <)
B-Cl Agell o3t 54 a7t EAES AT 4= qlrle]. A=
52 69] 7390l nitro7]ol] 71913+ 1350 cm™oll A ] N=O t} g A1
Zo o3t B4 9719} 1550 cm™ thol A 2] N=O H|thH AlZo] 9
3 54 937t EA8 23 Al 7 W 89 A-9-ol= octylthio”]
ofl 71915 2900 em*efl A4 2] CHp9}F CHaoll <] 3 579 3] A7k &A%
t}. Figure 30 01X SubPe 4 5EA152] 'H-NMR A E S Al
W, RE A2 56 7,8 994 7.7~9.8 ppm ol A] Al
pEe XgE Fa 9IE RS 77 804+ 0.8~3.2 ppm
Gl xghe A7) 9] Fart EATE dAT 5 9k ukEt

o

3!

TEAES] 8 54 v 49

A 2379 EF79 A7 B SubPe FEASS AR 5 6, 7,
8 u1 97]_ /\']:'_ﬁ o7 6]—/\‘]310'].‘_3_% ng_% z,: 9};}

32. EXEEEN

SubPc B-Ab 2] B4 07 Qlsle] SubPe A2 ol A A
5= A BAT 27 Gy A B HlglE 217k w
2} HFAd=0] Fo17 Figure 59 o] C ¥ GF o HAAR ¥
Esh= P2 SubPe FEA7F 2AE 4 Qv e B ET13,14].

o171 Figure 35 Ay B, Al 7 504+ doublet 3] =7} <F 9.78
ppm=t 9.79 ppmell A Zh7h thE G el EA)8ke, oF 9.05 ppmt

9.07 ppm 9l 217} doublet ¥ =17} EA Sk A5 7 2 8
ME 9739 YAE 2F g2A, 7429 o:loﬂoﬂ;q bzt Ao}
Il doublet Jlfm A o3z F 59 G % GF ol A A
LS, G 2 G o] A ].J S 927 A7 Aolstng

NMR A E o)X Az thE JoellA doublet 3327} EA|8HA
woH13]. WA Gt 27} OPd A1 4-nitrophtha onitrile,
4-octylthiophthalonitrile 2! 3-octylthiophthalonitriles AFg-aFe] g4
® AE 5 7 % 89 Afole C H CGBY o] dAAT FES =
Fe 2 YT D 9ok 9, AR 99] o= Fgure
49} 7o) ¢k 7.94~7.96 ppm¥} 8.89~891 ppm A <ol A 2z multi-
ple I =7} EAgT) o]= Cy WA TZE 7H AFAIQ] L2-dicyar
nobenzenes AHE-ate] FFE AR 9ollA & o] AATE EAEHA
e e AT B 5 QU
_E_Il_l%wgll %)g
/9% SubPc FFEAE2] UV-Vis A E
7t ANEEY AFEHOIRY
5lod Table 10 YERAITE nitro 23171 & =913 A=
%, nitro7] 7} 49 o] X BE A F 5= A e #E©] 2k 585 nmo]
2, nitro7] 7} 39 X of] XS AlF 62 A #O] 2F 568 nmo|
t} =, nitro X|§7]2 £418k A B4 nitro7] 8] A 3HE = 91X
7} 4R A 3HO T o]% Tl me} Tabgeiedo] Wubgo® o
e A & = Qlrh ol AR 5ol 5k AR 60lA] eectron
accept?! nitro X|&717F T el kel SIAStRR 1At
Lert b A FFagd o] blueshift ST AlSETt
octylthio x| 8715 =818t A= 77} 82 7%, octylthioo] 4% <
Ao ANFE ANFE 7S Amax #©] 2F 587 nme] 1L, octylthioo] 3%
ol 2P AJFE 8 A F°] 2F 603 nmolt}. =, octylthio 2]
3712 £91% A Bl M E octylthiol] X|3HE]E= 9271 44 3
WHow oFdle mel Fragddo] FupgoR olFds As
ek 4= 9t} o] A& 79] n]3le] A|E 8of| A eectron donor! oc-
tylthio 28717} SHF50l 77te] AXSER 7 dxke] Uwrt
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Figure 6. UV-Vis spectra of subphthalocyanines (in toluene)
FobAA HAdFFagd ol redshift ST AtR €k
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Table 1. UV-Vis absorbing property of subphthaocyanine derivatives
(59

A max

sample Amax (toluene) 422 (CHCl9) Amax (THF)
(nm) (nm) (nm) (nm)
5 585 21 585 585
6 568 4 566 566
7 587 23 587 584
8 603 39 605 596
9 564 - 565 563

4 = Ama (5 6, 7, 8 in toluene) - Amax (9 in toluene).

Table 2. Solubility of subphthdocyanine derivatives (5-9)

Solvent
Sample Hexane Toluene THF  Chloroform ;tert];le DMF
5 A O O O ©) O
6 A O O O © O
7 A ©) © ©) © ©
8 A © © ©) © ©
9 x A A A A A

(x: Bad, A: little, O: good, ©: very good)

A 5 Qleh 3 ARES Amdt W9 S H Rl et
oY Aol A& AT F A

3719 AIES FHete] WA, SubPe FEAES 28719 &
Frob Aol wet AR ‘11115%#&}% dofe] oF 564 nmeilA]
ok 605 nm Atolol] EAah=t, SubPe ] H3stA Ao
PDPel|l 4] g 8h= °F 580~600 nm ﬁ}@b 7H &3 Ao

_‘?_.1]—6’]— x =

A BE 2G4 SHoA PDP Ul A8 7|5 dAAE A&
o] 7}s3 Aolgt Atz Tt
34. Sl EL
9% SubPc A5 &
et X 87)7F gl Als 99
HA] ¢S} nitro7] E+& octylthio]
5,6, 7 % 8] Af-el& #3712 F79}
_Q_gHE]_‘: 74_0_ ol— 2= olq_ a]—/H&l SUbPC _<|_>’_
< Figure 7°] Yep St XA §l7.‘=i —‘jr*—*.%
?jﬂ A7 56 7Y 8=
7F e AR 9N E AP A
ol SubPce] AR 574974 2$7)7F E]lE SubPe f-=A
23717} §1E SubPeol] Hlske]l At A O = gakinge] ojH PR
F493% E4o] e, o]& 3le] &3l EAdo] IgE A

sto] Table 290
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Figure 7. XRD patterns of subphthalocyanine derivatives (5-9).
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