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Abstract

Four kinds of symmetrical phthalocyanine zincs (PCZn) 2(3),9(10),16(17),23(24)-(tetraheptanylcarbonyl

amino)-phthalocyanine zinc, 2(3),9(10),16(17),23(24)-tetramethoxy-phthalocyanine zinc, 2(3),9(10),16(17),23(24)-tetra-(4-
tert-butylphenoxyl)-phthalocyanine zinc, and 2(3),9(10),16(17),23(24)-tetraphenoxyl-phthalocyanine zinc were synthesized
from 4-nitro-phthalonitrile. Moreover, the 4-(4-tert-butylphenoxyl)phthalonitrile was employed as a precursor in the synthesis
of two kinds of asymmetrical PCZn (A;B) containing either amino- or carboxyl-group by probability method.

Keywords phthalocyanine zinc; asymmetrical phthalocyanine; synthesis; precursor; probability method

AT G R BIURL B an A s 27 . Jetb i S84,
Pk 5 DAILBRORE 1R A 27 e M RIS IR 6244, R
Pk — B2 BN 5E. (B2, BE R EDEE
B TE I R R BRI, 6 Y PRS2 BAR KRR . A,
MR T 2Rk, S DU FRTEBRES (Ay)
FL D3 AKTIRERE (AsB) A . HH AN FRERH 575
FGy B ERALTT A AR 2 o), DRI ok BRFSAT AR &
B IHE s, AR TAELL 4-fiS 3640 2K — FI b 32 2 s k),
HIT 2(3),9(10),16(17),23(24)- 19— 1F 5 Bl e 3 ) - Bk 75
BE L 2(3),9(10),16(17),23(24)- P —( Y 48, 3% )~ 15K 75 &F
2(3),9(10),16(17),23(24)- P4~ BT Hk A8 48 3 )~ 15k 75 4
F12(3),9(10),16(17),23(24)- VU —(GR 4855 ) 1K 75 87 55 4 Flof
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1.1 ZXRNFBRAR

Bruker 300, 400 5, 600 Hz # i SN A5 K TMS,
%7728 CDCl; 5%, DMSO-d); Bruker Biflex I K47 [H]
JH AL (MALTI-TOF) 5(ESI-MS); Millipore-Q #fi/K#L;
AP 250D AT R TSR A Al AR AT
k™= A B T (200~300 H).
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1.2 &

1.2.1 BEIERIKAY SRR

GRS Ze il Scheme 1 fs. BARS S5 RAE
R

4-F AR )R B 4-Ai 540K — H G (1)
3.0 g %150 mL HEE, IIAIRERER 15 mL, BRI,
BN 4 g BERE 15 min 2 PUUNAN, N 5 h, i9E; 98
W T 28 AT, LT CR CBR(V © V=
1D D) AR BSIAHBEAT AR E T e al, IOE =/, A3
Ok 2 1.55 g, 77% 62.5%. 'H NMR (CDCls, 400
MHz) §: 7.53 (d, J=8.0 Hz, 1H), 6.95 (s, 1H), 6.86 (d, J=
8.0 Hz, 1H), 4.43 (s, 2H); "*C NMR (CDCl;, 100 MHz) ¢:
151.5, 135.1, 128.2, 118.3, 117.8, 120.1, 106.0; EI-MS m/z
(%): 143 (100), 116 (30).

4-1F BRI 2E B (3): B 4-Z AR )i
(2) 1.0 g W T & HLE, vk, 18 ABiitS 2 mL,
DIEPA 2 mL, T2 ERE4REER N 12 h, HK/
ATREAAG AT T, B & F5E. A
MEEE LS 3 Xk, MEIAEREAEY 3 14 g, 7K
74.4%. "H NMR (CDCl;, 400 MHz) §: 8.15 (s, 1H), 7.86
(d, J=8.0 Hz, 1H), 7.75 (d, J=8.0 Hz, 1H), 7.45 (s, 1H),
2.45 (t, J=4.0, 8.0 Hz, 2H), 1.76 (t, J=8.0, 8.0 Hz, 2H),
1.35 (s, 2H), 1.30 (s, 6H), 0.89 (d, J=8.0 Hz, 3H); "*C
NMR (CDCl;, 100 MHz) 6: 173.0, 143.3, 134.5, 123.6,
123.1, 116.7, 116.0, 115.7, 109.2, 37.7, 31.7, 29.2, 29.1,
25.3, 22.6, 14.1; EI-MS m/z (%): 269 (30), 203 (100), 160
(50), 133 (25), 127 (35).

4-FAE AR OR — HUIE(4): o 4-RBE4R2K (1)
3.0 g WA 50 mL () DMSO "', A FEE 6 mL,
LiOH*5H,0 1.5 g, fEAVRY N T 50 C/RM 12 h, ¥
WA=, B ORI BT NaCl Kis, shagdr
HUTTE, A NaCl Kk, BTG, H
TATRAEL Y L V=10 1~2 : 1 BAEDKE 2T 40 5,
HUER AN i, R G EAAN ) 4 1.2 g, 725 43.8%. 'H

NO2 CH30H (¢
1

‘ ROH NC

LiOH, DMSO

NC.
N N
j@\ Fe C:@\ C|*C7H15 C:@\ o]
NC
2 NH. DIEPA NC )k

NMR (DMSO-ds, 400 MHz) §: 7.68 (d, J=8.0 Hz, 1H),
7.25 (s, 1H), 6.84 (d, J=8.0 Hz, 1H), 3.36 (s, 3H); "°C
NMR (DMSO-ds, 100 MHz) J: 166.8, 135.2, 128.5, 128.0,
121.3, 117.9, 113.9, 113.6, 50.8; ESI-MS m/z (%): 158 (M
—H", 100).

4R T FEAAFARIE HEGS)T: H55.0 g i HT
FEOR A 4-TEFEAR 2K (1) 3.0 g ¥ R(E 100 mL
DMSO 1, JIA 2.0 g LiOH+5H,0, ZERSMY FT 50
CRIMN 12 h, AR, B RN NaCl K%
W, AT EPTE, U AR NaCl K,
HATHRE, H & m s AT A Z AT fe 4, H
B RRENREAEATYIS) 2.1 g 77E 43.9%.
'H NMR (CDCl;, 400 MHz) §: 7.73 (d, J=8.0 Hz, 1H),
7.48 (d, J=8.0 Hz, 2H), 7.24 (s, 2H), 7.01 (d, J=8.0 Hz,
2H), 1.36 (s, 9H); *C NMR (CDCls;, 100 MHz) &: 161.2,
154.9, 143.2, 136.2, 127.2, 125.8, 122.3, 121.6, 116.6,
115.8, 107.9, 40.1, 39.3, 39.1, 38.9; EI-MS m/z (%): 276
(M—H", 100%).

4-RFFEAR HE6)™: K 4.0 g SR 3.0 g 4-
AR () fARAE 100 mL DMSO 1, Jil 2.0 g
LiOHSH,0, 7EA/AMRY KT 50 C/RN 12 h, A%
U K SOV RRI AT NaCl Ky, # i s i
VE, HhIEIFF MR NaCl /K sedk; HAa8TE, H—
ST/ A MBE(V L V=3 1) ANIRBSIAHBEAT R R 4R 4L,
S —AN L, BRI EEAY 6 1.9 g, 773 49.8%. 'H
NMR (DMSO-d,, 400 MHz) d: 8.11 (d, J=8.0 Hz, 1H),
7.78 (s, 1H), 7.51 (t, J=8.0, 8.0 Hz, 2H), 7.32-7.38 (m,
2H), 7.20 (d, J=8.0 Hz, 2H); *C NMR (CDCls, 100 MHz)
0:161.3, 161.0, 148.8, 136.3, 135.7, 130.66, 125.8, 125.4,
122.7, 121.9, 120.3, 117.0, 116.7, 108.1; EI-MS m/z (%):
276 (15), 261 (100), 233 (10); EI-MS m/z (%): 220 (100),
192 (25), 77 (20).
1.2.2  sHARABRE 696 A%

AR Scheme 2 R, HARG B 155 RAE
5K

0}

N "CrHis
3 H
4-~6
Scheme 1
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fft R & 4R

N
NC R ZnOAc A | )
:©/ R Nsz—N | 4R
. X
NC Nitrobenzene /n-pentanol, DBU Iil N l<l
\
3~6
\ ‘ /
R
7~10
X
- CH \ \
R = 3
H CHis (7), —g ~(8), o@+ 9), O@ (10)
Scheme 2

2(3),9(10),16(17),23(24)- VU —( 1E FF Bk Jiée 3k ) 9k #5
(NP FREL 1.0 g 3, 0.2 g BEMREY, 1.0 g JRE, 0.013 ¢
FHIREA T 30 mL fiEEZR, 75 180 C R XMW 5 h, ¥
H, R RSB RN WA PO s g, K
Ve TS, ) THF/H,O @347 450, 13 285 2 [ 4
¥70.9 g, 7% 85.0%. '"HNMR (DMSO-d;, 400 MHz) o:
10.66 (s, 4H), 9.65~9.89 (m, 4H), 8.98~9.20 (m, 4H),
8.16~8.51 (m, 4H), 2.58 (s, 8H), 1.80 (s, 24H), 1.35 (s,
8H), 0.91 (d, J=8.0 Hz, 12H); *C NMR (DMSO-d;, 100
MHz) 6: 167.4, 158.7, 158.5, 155.3, 155.2, 155.0, 154.9,
1522, 116.7, 116.0, 115.7, 109.2, 37.7, 31.7, 29.2, 29.1,
25.3, 22.6, 14.1; TOE-MS m/z (%): 1139.5 (100). Anal.
caled for Cg4H76N1,04Zn*H,0: C 66.20, H 8.33, N 14.48;
found C 66.10, H 6.91, N 14.21.

2(3),9(10),16(17),23(24)- P4 —( | % 3 )~ Bk & #F
@M B 1.0 g 4, 0.2 g BEMR#EE, 0.5 mL DBU ¥ T 30
mL 1EEE, 78135 'C FRAY S h, #H; K HEIA
RN, DUENTH, ShhuEs KYES whE . H
THF/H,0 37 H 45 5 /3 2 Sh et [ 47~ 4 8 0.7 g, 7%
63.6%. "H NMR (DMSO-ds, 400 MHz) J: 8.25~9.30 (m,
8H), 7.72~7.70 (m, 4H), 3.36 (s, 9H); *C NMR (CDCl;,
100 MHz) &: 167.4, 158.7, 158.5, 155.3, 155.2, 155.0,
154.9, 152.2, 151.3, 150.2, 50.8; TOF-MS m/z (%): 696.1
(100). Anal. caled for C3¢HpNgO4Zn: C 61.94, H 3.47, N
16.05; found C 61.81, H 3.51, N 15.65.

2(3),9(10),16(17),23(24)- VU~ BT I 2K 46,3 )~ Fik
RO 1.0 g 5, 0.2 g BEREE, 0.5 mL DBU %
T30 mL IEEEH, #6135 °CF W 5 h, A8 R
NS SN R A BOsERT h, Zahig. kP #T s
FH ST/ SR LB - v=1 © DHIATHZT,
BREHEOEE Y 9 08 g “F 66.2%. 'H NMR
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(DMSO-d, 400 MHz) d: 8.25~9.30 (m, 8H), 7.72~7.81
(m, 4H), 7.57~7.70 (m, 8H), 7.30~7.40 (m, 8H), 1.38 (d,
J=12 Hz, 36H); >C NMR (DMSO-d;, 100 MHz) 6: 167.4,
158.7, 158.5, 155.3, 155.2, 155.0, 154.9, 152.2, 151.3,
150.2, 146.9, 141.4, 139.7, 133.1, 132.2, 132.0, 129.1,
127.5, 127.0, 125.4, 124.0, 119.5, 116.4, 110.6, 106.9,
32.6, 31.9, 30.9, 30.5, 29.5; TOF-MS m/z (%): 1168.4
(100). Anal. calcd for C;,Hg4NgO4Zn2H,0: C 71.77 H
5.69, N 9.30; found C 71.87, H 5.70, N 8.99.

2(3),9(10),16(17),23(24)- P4 —( & % & - BK 7 #F
A0 FrHL 1.0 26,0.2 g BEEREE, 1.0 g JR2,0.013 g
FHIRFL WY T 30 mL iAo, 76 180 'C R MY 5 h, ¥
R RSN B RN AT DT s 2t K
Yo WS, H AT R LR LBV L v=3 1 DT
JENTHRAS B LAY 10 0.9 g, P2 65.2%. 'H
NMR (DMSO-ds, 400 MHz) &: 8.25~9.30 (m, 8H),
7.72~7.81 (m, 4H), 7.57~7.70 (m, 8H), 7.30~7.40 (m,
12H); *C NMR (DMSO-d,, 100 MHz) §: 158.4, 158.3,
156.8, 151.4, 151.2, 151.0, 139.1, 139.0, 132.4, 130.5,
130.4, 124.3, 123.4, 119.8, 110.2; TOF-MS m/z (%): 944.1
(100). Anal. calcd for CssH3,NgO4Zn2H,0: C 68.6, H 3.7,
N 11.43; found C 69.01, H 3.62, N 11.63.
1.2.3  AFARBRE 4946 A%

HRE A Scheme 3 Frzs. HARG T 5 R AL
g1

2(3),9(10),16(17)-=—(Ch} AU T FEALHIE)-23(24) (A
R R BRI 1.0 g (9), 0.1 g 1 (RTPI &) 1)
HE 50 1), 0.3 g BEERAE, 1.0 g JR 2, 0.013 g SHIREIE T
30 mL RYEEZE, 7F 180 ‘C NNV 5 h, ¥A3; ¥ Hms
OB S N R A PTsE b th, 24hdg. KUE. #hiT1
FEED 11 FHREY), FZIREGYER R T DMF
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/‘\ VAR
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\C[CN ZnOAc / / T SN Na,S y k T PN
0T N—zn—N - No, _ — . o N—zn—N ——NH
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cl
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it 0
o
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NE ) C"
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AT =N 0 720
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~ ~ /N z| N 2R i
oL pea L A~
\ |/ D e G N e o
N o]
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o
14
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Scheme 3

N EBRALAN, 7650 C R 5 h Jad&; F g
IO E SO R A psE T, 24l KPE. )5,
AT OB W8V - V=3 1). LR LBEIATHEMT
PR, S A RO FRRBERE ) 9, B AN AN
PRI S LAY, e+ B n] 49 B BLSR[E AR =4 12
02 g, % 33.4%. 'H NMR (DMSO-d,;, 400 MHz) o:
8.25~9.30 (m, 8H), 7.72~7.81 (m, 4H), 7.57~7.70 (m,
6H), 7.30~7.40 (m, 6H), 6.37 (s, 2H), 1.38 (d, /=12 Hz,
27H); *C NMR (DMSO-d,, 100 MHz) §: 167.4, 158.7,
158.5, 155.3, 155.2, 155.0, 154.9, 152.2, 151.3, 150.2,
146.9, 141.4, 139.7, 133.1, 132.2, 132.0, 129.1, 127.5,
127.0, 125.4, 124.0, 119.5, 116.4, 110.6, 106.9, 34.9, 34.7,
32.6, 31.9, 30.9, 30.5, 29.5; TOF-MS m/z (%): 1035.3
(100). Anal. calcd for CgHs3sNgOsZneSH,0: C 66.04, H
5.63,N 11.18; found C 61.21, H 5.01, N 10.41.
2(3),9(10),16(17)- = (A #U T FE A4 KR )-23(24)-(T
TR LR -BRE A (13)102: FREL02 g 12 K T
10 mL THF, VK#, 12000 0.3 mL | R 5 ESEE SN
0.3 mL DIEPA, WS A2 =H)5 &N 5 h, LR LB/
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TRMELV L V=3 D) i aA, TR S al, HL
HAN N, SRS SEE A 13 0.18 g, 773K 81.0%. 'H
NMR (DMSO-d;, 400 MHz) §: 8.25~9.30 (m, 8H),
7.72~7.81 (m, 4H), 7.57~7.70 (m, 6H), 7.30~7.40 (m,
6H), 6.8 (s, 1H), 3.76 (d, J=8 Hz, 3H), 3.02 (s, 2H), 2.91
(s, 2H), 1.38 (d, J=12 Hz, 27H); *C NMR (DMSO-d,
100 MHz) §: 173.1, 170.2, 158.3, 154.8, 154.3, 152.2,
146.5, 139.1, 138.4, 132.5, 131.5, 128.7, 123.4, 119.3,
1189, 111.9, 65.0, 51.5, 343, 31.4, 30.0, 28.8, 18.7;
TOF-MS m/z (%): 1135.3 (100). Anal. caled for
Ce7Hg1NoOoZneH,0: C 68.80, H 5.26, N 10.72; found C
65.84, H5.61, N 10.62.
2(3),9(10),16(17)- =~ BT FEAR A IE)-2324) (T
TR BRI ) IR PR (14) P BRI 0.1 g 13 TS
mL THF, B 1 mol/L ff] NaOH ¥ pH {H% 11, ¥
WV 5 h, BIN 1 mol/L IR pH AH 2 6; I AZKFI
CTRRGATRR, BON JEEHOE T, H O SR/ R
(V2 v=3 1) N, ATHEa, g A
ML ET RS E A Y 14 0.09 g, 77K 91.2%. 'H
773
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NMR (DMSO-dg, 400 MHz) o: 10.8 (s, 1H), 8.25~9.30
(m, 8H), 7.72~7.81 (m, 4H), 7.57~7.70 (m, 6H), 7.30~
7.40 (m, 6H), 6.8 (s, 1H), 2.76 (s, 2H), 2.89 (s, 2H), 1.38
(d, J=12 Hz, 27H); *C NMR (DMSO-d,, 100 MHz) ¢:
174.0, 170.6, 158.6, 154.3, 146.6, 145.7, 139.2, 127.1,
124.8, 123.7, 119.2, 34.3, 31.4, 30.4, 29.2, 29.0, 28.8;
TOF-MS m/z (%): 1135.3 (100). Anal. caled for
CesHsoNoOeZn*2H,0: C:67.54, H 5.24, N 10.74; found C
65.09,H 5.61, N 10.61.

2 #R5iHE
21 AXFREAEF AR AR

TERTFR R BK S 1) A et R v, BATT R I IE e Ik i
ey FARERURISN AR RIS 7E S Pkt LR RS
i A ORISR, R AR R AR T R A LA
(1) % R T A 75 A — SR e A TR LT 7 P H BEAR &
A, X T IR T R IR LT A
TF1) A7, BEL 250 17 B2 A 17 T 3% P re-me A EL A P, BELAS 77 Bk —
R L2 RARIIIE R, PR L AR Y (1) 1F P B 6 A
A SEHCR Y B AE RS R S P IR . AR A RRIR
FA R, R R LR B s A S By AR
Sl . BT I 2 AR L DR A I 11 2% TR A3 BHL B K,
AR REAR S, DRI BT TAE AR IR IR (1) A B e B 1
AU T FEOR AR B AR R — FIGAE 9 mr ok 44
22 ERELGRFIERIERE
221 A4-FHEARK ZEARE 4R AARRK

iR - AR Ve ARk, HAEIGE &
RO R A AR, TR 2E Boe TRY, 7EG A
Ji AR IER Boe. IXAF e ML B £ 5|\ Boc 11151
ANFIERR. P, BATEARTAEFEN 4-5E4008
VBN A BRI AT BRAA, A RS PR AiE s .
222 SR ENLIF

ARTAEF LIRS TR N kL &)@kl
CRIBGR R A B AW, 9 IR DBU 462
T A PV TN A OW AR IR 3, X P Rh v e
JREAARRR, o DBU fEA0 H A ROk 11 3
WO, A RNEER. S PR ERES H
TEB B R AN R R 5 I, FRATTR A T il 2R 1
WL, XA T B IR 2R LSS AE DUB S@Bg 4+
B S I ) I )8 e AR
23 N8

AN RRERHS (10 2 2t ali, — B2 HA Rl B2 v o e
LOTEARTAEY, AT B 0 A FRBR T 1 2 4,
MR R I RS PR AT 73 B, X2 tH T S A A FR
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FHRA Y 0 IR AT, i S I R R )
BARFEENT 0 B S L R, (R e EA 2 L
K, IR K B AR 2 25 PR
24 EWPMTEEEENNRE FFREELE R KD
A oL S T

DL SRR, B T 6 RRIYER T 9 RIS
XFRBRE 12, 13, 14 55 4 LG 2R40 0] WG, il
1 FR. XS A AR S AT W DX HAE P ANREAE R
A7, BILE 680 nm BT ] WOGIX ) Q 47 LA A7 340 nm it
AT R ANX IR B A2, i FL e AT R A e 1 S A A
RAEA, X R IX S A Y S R REE R0 42
J ST A R ). (EE, ANKETFRIEE T 12, 13, 14 1) Q 77k
U TR 1 5 S S8 AN TR T 0 R R 9, LG ak i
W B me . DA, ASKERRER T o] BE S 4 I DG
PERE.

1.5
—a— 9
—0— 12
5 —v— 14
s
5
5 05F
=3
5
2
<
0.0 -
1 " 1 " 1 L 1 L 1

300 400 500 600 700 800 900
A/mm

B1 &9, 12,13, 14 (RSN a] WIOE (10 mol/L)
Figure 1 UV-vis absorption spectra of compounds 9, 12, 13
and 14 (10~* mol/L)

3 g

I BT ZR 0 XK T IR (A ) 1R R S A AT
T, AU 12 1) 7 FELBOK, 19K AX) SR AR 1A st x
TR, PRITBET A i vl PRk, JRATRI 4-%08L
TR R S N TR, ST S AR SRR
S AN KT FRERH (AsB), JFXS & et e AT Ttk 5
b, AKIFRERTE 12 A1 14 73500 — D EGEAREE, iE
A LLHE— (B SR . 2 IREL AL D RE R IT
BEATICOMBIR), AT AERN L PR A7) 7
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