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Abstract :

Phthalocyanines have gained special attention in recent years as potential next-generation
photosensitizers in the future market due to their light-harvesting properties in the red and near-
IR spectral region. Despite these desirable attributes, the poor solubility of phthalocyanines for
organic solvent complicates their utility in low cost solar cells. Their poor solubility could be
partially improved by the substitution at their peripheral potions. However, the thermal and
chemical stability of substituted phthalocyanines would be questionable. In this context, we are
interested in the development of phthalocyanines having trifluoromethyl (CF;) groups at the
peripheral substitutions. Because of the high lipophilic property and relatively large size of CF;
group, CF;-substituted phthalocyanines should be the suitable properties for our purpose.
Moreover, the C-F bond is the strongest bond that carbon can form, the CF; group of
phthalocyanines should improve the original thermal and chemical stability. In this report, we
disclose the efficient synthesis of a series of CF;-substituted phthalocyanines from corresponding
CF;-substituted phthalonitriles. We have also accomplished the synthesis of CF;-substituted
phthalocyanine dimers for the first time. As our expectation, all the CF;-subsituted phalocyanines
have good solvility for organic solvent. It should be mentioned that the CF;-substituted

phthalocyanine dimers have absropotions in the near-infrared (near-IR) region of beyond about 800



nm. Moreover, X-ray crystallographic analysis of CF;-substituted phthalocyanie dimers has

revealed the two types of distorted structures, such as cis form and trans form for the first time.
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Figure 1. Synthetic plan of trifluoromethylated phthalocyanines
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Scheme 1. Synthesis of a-iodo phthalonitriles
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Scheme 2. Synthesis of g-iodo phthalonitrile
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CN Yagupol'skii reagent CN 3-CF3: 91% yield ©\ /@
D cu \ 4-CF; 89% yield :

I .
Z > = 4,5-(CF3),: 90% yield i -
|/ CN DMF, 60 °C F3C/ CN  3/6-(CF,),:82% yield CFy OTf
3,4,6-(CF3)3:30% yield Yagupol'skii reagent

reaction conditions: Yagupol'skii reagent (2.0 eq.) and Cu (3.0 eq.) were used for one iodine

Scheme 3. Synthesis of trifluoromethylated phthalonitriles
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Scheme 4. Synthesis of trifluoromethylated phthalocyanines
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L 7z (Scheme 5),
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Scheme 5. Synthesis of 4,5-(F).-3,6-(CF;).-phthalonitrile
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VIS T (entry 1), EHAZE A TERFMETRIBEIT 5724, HRO 7 20L 7 =/ Pe-61343
SN/ 572 (entries 2, 3), KIZHEVALE, 100 “COEZHTHIBE X H72L Z A, KIETIE D %5
TRV T =Y Peb6%fF5Z EISKINL 7 (entry 4)., % Z THRIBHE %160 °CiZ BT TG %
fTo7224, WEI3% THMDPc-6%145 Z £I1ZKIIL 7= (entry 5).

Table 1. Synthesis of 8, 8-(F).-a, a-(CF;).-phthalocyanine

CF3
F CN metal salt (0.25 eq.)
F CN solvent, temp.
CF5
B,p-(F)o-a,0-(CF3)p-ZnPec
Entry Metal salt Soivent Temp. (°C)  Yield (%)
1 ZnCl, DMAE 140 n.d.
2 Zn(OAC)y 1-Cl-Naphthalene 230 n.d.
3 Zn{OAz), ethylene glycol 230 n.d.
4 Zn{0OAzc), neat 100 4.1
5 Zn{OAz), neat 160 13
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X10° MK U1 X10° MOURE OHAITREEEL0 mmO A% IL % O CTHIRE %17 5 72 HERSER
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Pe-UFIRE DL & & B ICHENELL, BV Y VRIS & > TREEN AT 2 Z &0 6 %
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Figure 2. UV/Vis spectra of trifluoromethylated ZnPe (Pe-1-Pe-6) in CH;CI,
(1.0 X 10" M: blue, 1.0 X 10° M: pink), 1.0 X 10 M: green,
1.0 X 10" M + Py: purple, 1.0 X 10° M + Py: sky blue, 1.0 X 10° M + Py: yellow)
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wIZ, Pe-125Pc-6%TPD, CH,CLH, 1.0X10* MOWIL Z X2 b L% il U 72 (Figure 3),

203 Q-band/nm | Q-band/nm
(log ) (log €)
. Pc-1: B-CE;-ZnPc (blue) 333 (4.24) | 668 (4.27)
" Pc-2: a-CF,-ZnPc (pink) 339 (4.37) | 661 (4.73)
Eh Pc-3: BB(CF,),-ZnPc (green) 384 (3.21) | 669 (3.80)
: Pc-4: 0,0-(CF;),-ZnPc (purple) 332 (4.08) | 684 (4.41)
e \ Pe-5: wap-(CF,), 7nPc (sky blue) | 328 (432) | 683 (4.78)
- p Pc-6: B,p-F-a,a-(CF,);-ZnPc (yellow) | 339 (4.84) | 665 (4.98)
330 430 530 4 o 630 T30 830

Figure 3. UV/Vis spectra of trifluoromethylated ZnPe¢ (Pc-1—Pe-6) in CH.Cl, (1.0 X 10~ M)
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Pc-1-Pce-6 DHE 2 X2 b LVHIERER 2/~ 9 (Figure 4).
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Figure 4. Fluorescence spectra of trifluoromethylated ZnPe¢ (Pc-1-Pec-6). (CH;Cl:: blue, CF;Ph: pink, dioxane: green),
CH,Cl,-Py: sky blue), CF;Ph+Py: purple), dioxane+Py: red)

Pc-1-Pe-4 O LT, BEMALD a EIAD 2, HORETFIERMEV & WS RS
N7z, FHZ afi2@ROPe4TIIHEAME LA CBM S Wk r 572, ZHIIHTHEAR, WELD
5 Lo TVB DNl EN A 7215 ThbEELZONS, £/, BH2EMEOP3T
E, UV YERMUZHCEERE TICEN12A 2 VI RERTH - 72, BEOMHE LY ) v
VIRMOA R 5 2R TIEOZE, 6, BHEAMNT 2 L5 a56MHEERLRTICERE
WHARIEE NS,

Pe-5, Pe-6DHIE T EPe-4 L FIMRIC, HOLEFUIEMENMERE Ko7 ZhUd, EHh i
FANX PLFRRIS, BEMIH N TWS20ThiEELIbNS,

2.4 Pc-4, Pc-6 D X {Rf5 At &/
WIZ, VAREOM T 28855720, 740 7=V Pe-dLPe-6 DM AMED, XS i
Wi R 17 - 72 (Figure 5).

Figure 5. X-ray crystallographic structure of Pc-4 (left) and Pe-6 (right)
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BRiDT v BZOHRIZKD, CFIEDOMELINZOSNTHED, ZObTrEREDEND, Eba]
AR FLTLy R T bEEZTNEINICEDbDTWADEEHIEENS,

3. MU ZNAOXAFNEEFSTSZn7 20 F7 =2 41~ — (CFs-ZnPc-dimer)
3.1 CFs-ZnPc-dimerD &

HIEIZHWT, CFe-7 4 u= b ) ILORERNLERITEE, e OB OCE;-ZnPc D%
EER L7z, LAL, B/v—0740y 7=V T, Y 7ra X FOLERKEE LTI
RO RIERICIZE L o7z, 22T, o MEEROIREAHIEL, XV ¥ /fEERMDCE,;-
In7 A0y 7 =V & 47— (CF;-ZnPc-dimer) OFIFIZHD #7225 72,

— I RO ISR XN B L r-n A X 9 F Y T OBIENH L, BEMFEHEEL &
B4, —FH, BB DG L72CF-7 4a s 7 =%, MY 7L a X FOLFEITERO G R
BH, afiil2DEREEE L TIHRMERTEZEBWE»ITH -T2, ThEDHRNS,
afilz2o by 7t uxF s o7 20 720084 v — (Pe-7:a, 0-(CF3),-ZnPe-
dimer) 1%, £ 4 v —{LTH L 2 8OEHEEMHIL <, HHEEBLAEMOREE R T DO Tid A
WhEEZ 7,
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SRALHEER5 Y BATAE T, DMAEREH, 140 *CTIMEBIE 21T 5 72858, afiicty 7t x5
HAEATHCE-7 40y 7244 v— PeTERIETIED 55155 Z &I L 7= (Scheme 6),
¥, f35N72Pe-TiI3"H NMRAFTORER, H—DRMEKTH S Z L 2H/EGEL T b,

FaC CF3 FaC CF3
cN 1,2,4,5-tetracyanophthalonitril (1.0 eq.) / N \ N 3
ZnCl, (5.0 eq.) | \ | ;
/N---Zn--N N---Zn--N
N DMAE, 140°C |l| N \ |l| )
N N

CF4 CF; N —N \ / CF,
(20.0 eq.)
FsC CF3 FaC CF;
Pci1-7
o,0-CFa-ZnPc dimer
14% yield

Scheme 6. Synthesi of B-trifluoromethylated phthalocyanine dimer (Pc-7)

3.1 CFs-ZnPc-dimerD AR AN MILE L VHKEANT ML

A L 72CFs-ZnPe-dimer (Pc-7) DL # F L i COEMATHIE 2 <2 bV O, #E2
2 MLEHIE L7z, Pe7id, BV Y VIERINMTIEBLEEREBIIIERIZHIL, ¥ Y ViRMDEA
TEEBLEBRBUZNMETH O, JEFICHROEHEL LT\ 5 Z & 2RIk &7z (Figure 6).
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Figure 6. UV-vis spectra and fluorescent spectra of B-trifluoromethylated phthalocyanine dimer

Pc-7TOHNANRY PLTIE, BEIZ M) 740 LT Y RO1,4-DF F4 v & O848
KBS 20, bt FL vh TR sBllchisr o772, ZhiFb) 7t a by K
V1, 4-VAFH VhOEEIZ b ) 7 a x FOLEOEENRIIR W20 Th b Eibh
5,

3.1 CFs-ZnPc-dimer (Pc-7) @ X #§#& @& & B

W2, PeTOMEELAETY, XA AERTIC X > C3RITTHE A O M Ic§T5Z & & L7z,
56 N AG i & BN IR U 225558, CFy-ZnPe-dimeridcis®! & rans® O 28D K5 & 23 db 5 Z
EERM LUz (Figure 7, 8), HIffiT/RL72& 912, afilZCF::A2DE L 7 a-a-(CFs).-ZnPc
(Pc-4) 1ZBHL-E A>T A=Z s, NVEVERTHERLZZAA v —{KkiZ7xusy 7=y
BRDE— NI U Zzcis®l & Wi ANSEEI U 22 transTI D 2T ORSE # ToAED Z &N TE TN S
D7zEEIZLND,

Figure 7. Cis form crystal: upper view (left) and side view (right)



Figure 8. Trans form crystal: upper view (left) and side view (right)

F72, Pe-TIZH—DEFETIE A 28K E L THEILL TE D, cis-cis % 7zidcis-trans& U THF
FELTWBZ ENHS T -7 (Figure 9, 10),

Figure 10. Crystal structure of cis-trans dimer
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2o X6, FA—KIZEAZ T 20T T = VEOMARDLEIZKD, cs, trans 2FEO S %
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F—ZPIENE R L T & 720y,
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