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Preparation and Characterization of 5,10,15,20-Tetra[4-(3,5-dial-
koxybenzamide)phenyl]porphyrin and Their Zn Complexes

Lian, Wenhui Sun, Yuanyuan Wang, Binbin Shan, Ning
Yu, Miao Shi, Tongshun*

(College of chemistry, Jilin University, Changchun 130021)

Yu, Lianxiang

Abstract In this paper, five novel 5,10,15,20-tetra[4-(3,5-dialkoxybenzamide)phenyl]porphyrin ligands and their Zn com-
plexes were synthesized and characterized by means of IR, UV-Vis, '"H NMR, elemental analysis and XPS. Raman and fluo-
rescence spectra of the ten amide group porphyrin ligands and Zn complexes were investigated. The results show that the
length of side chains does not have evident effect on the Raman spectra and fluorescence spectra of porphyrin compounds,
their substituent effect is basically the same. The fluorescence intensity of porphyrin ligands was stronger than that of Zn com-
plexes. In the Raman spectra, there were much difference between the porphyrin ligands and Zn complexes due to changes of
the symmetry of porphyrin plane and electron effect of the d orbits of the zinc ion.

Keywords porphyrin; Zn complex; XPS; fluorescence; raman
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1 SKIEERS
1.1 XE5IRF

JCEAMHTEE Perkin-Elemer240C [ 370 E 230 HTHX
MIE 204861 Nicolet 5PC FT-IR £L4M A i &
(KBr JE/7); HLFIRIOERELE Shimadzu UV-3000 44k n]
DG4 & "H NMR 7 Varian Unity-500 #% i35
AW (CDCLy A%, TMS A W AR); S22 60
Renishawinvia Jt 28 £ Bildy 2 Y614 B, ok
K 514.6 nm, 23¥E% 1 em ', 20 f54853%, CCD HGHl
(1800 g/mm); %)) 61EAE Shimadu RF-5301 %%
B 6 HL T AERE E Thermo ECSALAB 250 443 2% |
M

BT (R Ak 25 R 2 23 B 4tk 1)

1.2 FHiIiE

S Bl 3,5- (Bt ) AR TS, UREE R 8K
JRFHON 8, 10, 12, 14, 16, 2 HIAT TAPPH, [ VA5 % 5
Pl G 8 4t E I EE B RCEE ML &4, 230 LA
8P, 10P, 12P, 14P, 16P /~2, SRJ5 5 LR EFFLAT A K
AN EEN MR 54, 43 BA 8Zn, 10Zn, 12Zn, 14Zn,
16Zn 7wz, FATLABKIEFECH 16 MG RO, e 4
MNRIUCEDIIE R 2 B, & 2 W, Scheme 1.
1.2.1 3,5-=—(F 8 R F B F 85 695 %,

3,5- (T NRE AR ) K H R RN (1) B Jia P 2 S
BR[7], I T M. w250 mL = FRSRH I
1.68 g 3,5- FRHK IR FHNE, 7.2 ¢ Jo/AKIRIREH, 0.15 g
ik, 12.2 g WARF/NHBE, 150 mL A Ed, 76 N, Ry F
[N 48 h. e v, FEUEMVA R hdE, N E
ghdh 2 IR, AT, S AGREE, P2 88%. mp. 53~
56 ‘C; '"H NMR (CDCls, 500 MHz) ¢: 7.15 (d, J=5 Hz,
2H, 0-CgHs), 6.63 (t, J=10 Hz, 1H, p-C¢Hs), 3.96 (t, J=
10 Hz, 4H, OCHS,), 3.89 (s, 3H, COOCHj3), 1.72~1.82 (m,
4H, OCCH,), 1.29~1.47 [m, 52H, CC(CH,);;CHs], 0.89
[t, J=10 Hz, 6H, CC(C);5sCH;]; IR (KBr) v: 2929, 2853
(C—H), 1724 (C=0), 1240 (C—O—C) cm .

122 3,5-=—(F kB R F B4 &%

] 250 mL [ REERH I 7.0 g 3,5- (7 ks
F)ZE R TS, 10 g KOH, 150 mL Z. 1%, [F13# 5 12 h,
A, Hhpk, SRIGH CIEES A 2 IR PR 90%, mup.
60~62 °C; 'H NMR (CDCls, 500 MHz) J: 7.21 (d, J=5.0
Hz, 2H, 0-C¢Hs), 6.68 (t, J=2.5 Hz, 1H, p-C¢Hs), 3.98 (t,
J=22.5 Hz, 4H, OCH,), 1.75~1.80 (m, 4H, OCCH,),
1.25~1.49 [m, 52H, CC(CH,);;CHs], 0.89 [t, J=22.5 Hz,
6H, CC(C);3CH;]; IR (KBr) v: 2921, 2848 (C—H), 1693
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(C=0), 1248 (C—O—C) cm .
123 35- =~ (T ARk) KT BLR

6.02 g 3,5- (P AKAEI)KTRE T 20 mL
SOCl, [HIyi 12 h, AR5k 281, A T4 SOCL, 584228
i, AT RATE SOCI, He AR 564> 25 th i in JLing /K.

1.2.4 5,10,15,20-29 {zF[3,5-=—(F+ >k B K F B
Jo 3R R AR ) e hebk a9 B AR,

%2 kA K 5,10,15,20- DY (O 22 Bk 2K 3 ) nb bk
(TAPPH,)™. 7£ 250 mL = 3 in A\ TAPPH, 2 mmol,
3,5- (T NEEEIE) R I 0 9 mmol, 150 mL 7 25 5
5, BRI 1 h, RJEMA 2 mL T —=240%,
FEINFARIA S N, R N I R AR TR A s, H TCL
RO e N ERR, RO &5 R J A A1 &, N 200
mL ZEMRK, AR5 &5 2 AL BL 200~300 H [fE
AT JZAT, Je LA ki, W VAL @ (L)
=50 : 1 JWksei, MRS H AR, i LLSi-
F i B 45 i A 4l i, PR o R A,

1.2.5  5,10,15-20-v9 {3+[3,5- ——(+ >k B ) K F
P )RR e oA B A 69 B AR

7t 100 mL [FJEFE S, A 30 mL =& k5 H
FE(ARILL 3 0 DR A, 0.12 g ZREESHA, 0.10 g nb
ARG A, ARl R Y, SR ) s B R, K
29 1.5 h RNV 5E4, 25T, RIS ms T/b &)
A, LL200~300 H MIRER A [ e A7, VED) @ (&
BE)=20 @ 1 Jykybil, WSS 2 M T 2
BT, ELAF TR 24 h, 79547 (0 [ 44

2 HR54HE
2.1 LEMHIRIE

A PRAE R 1.
2.2 FIMAT AL

10P A1 10Zn fEE 7P A1 WOGIG LA 1, Bt
Jige FEN P IBR P A4 R SLEETC S W (P 5 A LR 2. iR fy)
WKL A (128 0] WO, GG T EERS So
BOL B BAR IO SR EZS S (Q ) AITS, (Soret 4i7), WL
W B AE TR AR X (380~450 nm)y = A= (K5 I 2 Soret
W, & EHRRBR ) T agy(m)-e ¥ (ERIT ™ AL 1), XA
SN - BRAT R 3 i O A, WO Gt A mT ok
X 45(500~700 nm)7=AEF5G RS Q Wiear, K&
NMIBRIY) ag(m)-e* (m)BRIE = 2E 1, IXANHE IR -t B
TR — TR EPL 3 2 A, ML A
I Soret i HILLE 425 nm, 4 5519 Q 754k 520,
555, 595, 650 nm. EEINBREC A1) Soret 7 ¥4 H BLAE 425
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Table 1 The data of elemental analysis of porphyrin ligands and Zn complexes

Elemental analysis, found (calcd)

Compd. Molecular formula Yield/%
C H N
8P Ci36H178NgO1, 62.4 77.12 (77.16) 8.42 (8.48) 5.26 (5.20)
10P C15:Ha10NgOp2 58.8 77.87 (77.97) 9.10 (9.04) 4.72 (4.79)
12P Ci68H242N5015 56.7 78.81 (78.64) 9.47 (9.51) 4.48 (4.37)
14P Ci54H776N5015 56.8 79.22 (79.15) 9.88(9.96) 4.07 (4.01)
16P Cu00H306N5012 50.9 79.76 (79.68) 10.17 (10.23) 3.66 (3.72)
8Zn Ci36H176Ns012 Zn 90.5 74.99 (74.93) 8.30 (8.35) 5.07 (5.02)
10Zn Ci52H08Ng012Zn 90.2 75.78 (75.86) 8.86 (8.79) 4.64 (4.66)
12Zn Ci68H240Ng012 Zn 89.8 76.69 (76.83) 9.27 (9.18) 4.26 (4.32)
14Zn Ci54H774Ng01,Zn 85.7 77.34 (77.12) 9.74 (9.82) 3.92 (3.88)
16Zn Ca00H304N501> Zn 84.6 77.99 (78.07) 10.12 (10.01) 3.58 (3.64)
2 MRIIERVINNBEC A SRR S ISR AN 2080 R IR s
Table2 UV-Vis, IR and 'H NMR spectral data of porphyrin ligands and Zn complexes
Compd.  UV-vis /nm IR (KBr) v/em ™! 'H NMR (CDCly) 6

8P

10P

12P

14pP

16P

425 (Soret), 520,
555, 595, 650

425 (Soret), 520,
555, 595, 650

425 (Soret), 520,
555, 595, 650

425 (Soret), 520,
555, 595, 650

425 (Soret), 520,
555, 595, 650

3314 [vn—u(pyrrole)], 2925, 2855 (vc—n),
1674 (vc=0), 1521 [On—n(amide)], 1245
(Var—0—c), 966 [On—u(pyrrole)], 986 (IL,),
728 [(CH,), (n>4)]

3313 [vn_n(pyrrole)], 2924, 2853 (ve_y),
1664 (ve-o), 1522 [dx-n(amide)], 1242
(Var-0—c), 967 [on-n(pyrrole)], 987 (II,),
729 [(CHy), (n>4)]

3313 (vnn(pyrrole)), 2923, 2852 (vc ),
1662 (ve-o), 1524 [dn u(amide)], 1247

(Var-0-c), 967 [dn-n(pyrrole)], 988 (Iy),
727 [(CHp), (n=>4)]

3313 [vn_u(pyrrole)], 2923, 2853 (vc_n),
1663 (vc=0), 1531 (dn_pn(amide)), 1247
(Var-0—c), 968 [on_n(pyrrole)], 987 (Hp)s
728 [(CH,), (n>4)]

3308 [vn—nu(pyrrole)], 2924, 2851 (vc—n),
1664 (vc-0), 1521 [dn—p(amide)], 1246
(VAr*O*C)a 967 [5N*H(pyrr016)]a 989 (Hp)a
726 [(CH,), (n>4)]

8.920 (s, 8H, pyrrole ring), 8.296 (s, 4H, NHCO), 8.228 (d,
J=16.8 Hz, 8H, 0-C¢H,), 8.055 (d, J=16.5 Hz, 8H, m-CgH,),
7.007 (d, J=16.8 Hz, 8H, ArH), 6.665 (d, J=16.5 Hz, 4H,
ArH), 4.099~4.216 (m, 16H, OCH,), 1.782~1.982 (m, 16H,
OCCH,), 1.489~1.639 (m, 16H, CH,CH3), 1.212~1.399 [m,
64H, (CH,),], 0.900 (t, J=17.1 Hz, 24H, CH;), —2.737 (s,
2H, pyrrole NH)

8.929 (s, 8H, pyrrole ring), 8.257 (s, 4H, NHCO), 8.237 (d,
J=16.2 Hz, 8H, 0-C¢H,),8.056 (d, J=16 Hz, 8H, m-C¢Hy),
7.018 (d, J=15.3 Hz, 8H, ArH), 6.670 (d, J=17 Hz, 4H,
ArH), 4.033~4.103 (m, 16H, OCH,), 1.789~1.966 (m, 16H,
OCCH,), 1.499~1.564 (m, 16H, CH,CH3), 1.174~1.298 [m,
96H, (CH,)s], 0.887 (t, J=17.4 Hz, 24H, CH;), —2.741 (s,
2H, pyrrole NH)

8.954 (s, 8H, pyrrole ring), 8.277 (s, 4H, NHCO), 8.242 (d,
J=15.9 Hz, 8H, 0-C¢H,), 8.066 (d, J=16.6 Hz, 8H, m-CsH,),
6.992 (d, J=18.7 Hz, 8H, ArH), 6.671 (d, J=17.2 Hz, 4H,
ArH), 4.036~4.088 (m, 16H, OCH,), 1.752~1.955 (m, 16H,
OCCH,), 1.486~1.625 (m, 16H, CH,CHj3), 1.195~1.345 [m,
128H, (CH,)g], 0.85 (t, J=15.8 Hz, 24H, CH3),—2.793 (s, 2H
pyrrole NH)

8.921 (s, 8H, pyrrole ring), 8.225 (s, 4H, NHCO), 8.261 (d,
J=19.3 Hz, 8H, 0-C¢Hy,), 8.046 (d, J=15.2 Hz, 8H, m-C¢Hy),
7.105 (d, J=16.8 Hz, 8H, ArH), 6.656 (d, J=18 Hz, 4H,
ArH), 4.024~4.107 (m, 16H, OCH,), 1.732~1.974 (m, 16H,
OCCH,), 1.453~1.611 (m, 16H, CH,CHj3), 1.199~1.332 [m,
160H, (CH,)0], 0.878 (t, J=15.4 Hz, 24H, CH;), —2.751 (s,
2H, pyrrole NH)

8.920 (s, 8H, pyrrole ring), 8.269 (s, 4H, NHCO), 8.235 (d,
J=18.1 Hz, 8H, 0-C¢H,), 8.055 (d, J/=14.9 Hz, 8H, m-C¢Hy,),
7.009 (d, J=18.4 Hz, 8H, ArH), 6.667 (d, J=15.5 Hz, 4H,
ArH), 4.036~4.096 (m, 16H, OCH,), 1.734~1.988 (m, 16H,
OCCHy,), 1.452~1.574 (m, 16H, CH,CHj3), 1.105~1.315 [m,
192H, (CH,),], 0.859 (t, J=13.2 Hz, 24H, CH;), —2.793 (s,
2H, pyrrole NH)
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Bk

Compd. UV-vis, //nm

IR (KBr) v/em ™!

'H NMR (CDCly) 6

425 (Soret), 551, 3285 [n-n(NHCO)], 2924, 2851 (ve-),

8.992 (s, 8H, pyrrole ring), 8.211 (d, J=17 Hz, 8H, 0-C4Hy,),
8.056 (s, 4H, CONH), 7.954 (d, J=12.4 Hz, 8H, m-C¢H,),
7.263 (d, J=12.7 Hz, 8H, ArH), 6.913 (t, J=14.1 Hz, 4H,

820 55 (1664 (V)C :9;’2’ (és)zizgaﬁ(’cﬂéar)mfeﬁ’ 4)]1245 ArH), 3.976 (t, J=17.3 Hz, 16H, OCH,), 1.682~1.985 (m,
VAro-ch ») 2/ 8 16H, OCCH,), 1.356~1.521 (m, 16H, CH,CHs), 1.221~
1.516 [m, 64H, (CH,),], 0.883 (t, J=16.6 Hz, 24H, CH;)
8.996 (s, 8H, pyrrole ring), 8.257 (d, J=24.9 Hz, 8H, 0-C¢Hy),
3285 [vn-n(NHCO)], 2925, 2853 (vey), 8.156 (s, 4H, CONH), 7.879 (d, J=17.4 Hz, 8H, m-C¢H,),
logy 425 (Soret), 551, 1662 (ve-o). 1523 [dn-p(amide)], 1242 7.232 (d, J=19.3 Hz, 8H, ArH), 6.809 (t, J=17.1 Hz, 4H,
592 (Varo—c), 997 (N—Zn), 719 [(CH,), (n> ArH), 3.982 (t, J=19 Hz, 16H, OCH,), 1.692~1.895 (m,
4] 16H, OCCH,), 1.378~1.489 (m, 16H, CH,CHj), 1.268~
1.496 [m, 96H, (CH,);], 0.908 (t, J=17.9 Hz, 24H, CH;)
8.992 (s, 8H, pyrrole ring), 8.237 (d, J=20.4 Hz, 8H, 0-C4Hy),
3286 [vw—u(NHCO)], 2924, 2852 (vc—p), 8.096 (s, 4H, CONH),7.839 (d, J=18 Hz, 8H, m-C¢H,), 7.242
1oz 425 (Soret), 551, 1662 (vc-o). 1522 [on-p(amide)], 1246 (d. J=19.6 Hz, 8H, ArH), 6.719 (t, J=20 Hz, 4H, ArH),
" 592 (Varo—c), 997 (N—Zn), 719 [(CH,), (n> 3.987 (t, J=16.7 Hz, 16H, CH,), 1.793~1.926 (m, 16H,
4] OCCH,), 1.466~1.576 (m, 16H, CH,CH3), 1.298~1.422 [m,
128H, (CH,)s], 0.874 (t, J=14 Hz, 24H, CH;)
8.896 (s, 8H, pyrrole ring), 8.228 (d, J=22 Hz, 8H, 0-C4Hy,),
3284 [vn-n(NHCO)], 2924, 2851 (vey), 8.136 (s, 4H CONH), 7.965 (d, J=18.1 Hz, 8H, m-C¢H,),
lazy 425 (Soret), 551, 1663 (vc-o). 1524 [x n(amide)], 1244 7212 (d, J=14.4 Hz, 8H, ArH), 6.914 (1, J=19.6 Hz, 4H,
" 592 (Varo-c), 996 (N—Zn), 720 [(CH,), (n> ArH), 3.952 (t, J=18.8 Hz, 16H, OCH,), 1.678~1.886 (m,
4] 16H, OCCH,), 1.398~1.524 (m, 16H, CH,CHj), 1.208~
1.486 [m, 160H, (CH,),0], 0.919 (t, J=15.1 Hz, 24H, CH;)
8.899 (s, 8H, pyrrole ring), 8.253 (d, J=27 Hz, 8H, 0-C¢Hy),
3286 [vn—n(NHCO)], 2924, 2851 (ve—y), 8.196 (s, 4H, CONH), 8.021 (d, J=21 Hz, 8H, m-C4H,), 7.012
L6z 425 (Soret), 551, 1662(vc - o), 1522 [oy w(amide)], 1242 (d, J=224 Hz, 8H, ArH), 6751 (t, J=22.7 Hz, 4H, ArH),
592 (Var-o-c), 997 (N—Zn), 721 [(CH,), (n> 4.047 (t, J=14.7 Hz, 16H, OCH,), 1.698~1.886 (m, 16H,
4] OCCH,), 1.431~1.526 (m, 16H, CH,CH3), 1.208~1.486 [m,
192H, (CH,);,], 0.919 (t, J=15.1 Hz, 24H, CH;)
HIFR A 2LANHJE LR 2. B3R 2 nldn, fEMEiGIE R a1k
bR T5C A% 1T 20 A0 e i A, it i BRI N—H i 45 4 80 F
N—H [N Mth4R3h 750 HILE 3308~3314 F1 966~
5 968 cm ' &b, flATTHS AL LB WSS, S RN
g WAL £ 00, AN T 2, A e TR ik
= \
£ NIRIRER, ECAR T INIBRER P (1) PR AN o~ A2 il 17 e &
Y, d AT DL E B bR S A i 2R Y, AR, AR
996 cm ' BT H L —AN IR0, Ik 3 WA TRC A4 A s T
B A, XA 2 T B 4 TN & 4 (1 20 A i 2 — 12,
4(|)() 5(|)() 6(I)O 7(|)() HH—TF‘DI‘W‘WH!EJ\%J:@EEﬁH#%, ﬁﬁu?f 3300 cm ! Kﬁ
Wavelength/nm iﬁiﬁﬁﬁ@?ﬁﬂﬁ%@ﬂ‘] N—H ﬁﬂéﬁﬂﬁﬂ, EEI\WFEEMKEPHI\
- , DU WRIRAT T 3308~3314 cm ™' Ab 1) N—H R 30 BRG]
1 10P 1 10Zn [R50 1] OGS s . =
. oo I P, T FLPA ST %R, B BLIMHRER ) N—H 4
Figure 1 UV-Vis spectra of 10P and 10Zn T N -
T TR N—H &3, ey, T4
2.3 oMk

10P 1 10Zn 2L 48 E1E DL 2, HAECAARRTEC &4

RILLANGTE ] 55 Z AR, EREHE R A4 S RS 5 4)
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Figure 2 IR spectra of 10P and 10Zn
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K3 BUEIENRECA KRS T T R
Table 3 Emission spectra yields of porphyrin ligands and com-
plexes

Compd. Q(0-0)/nm Q(0-1)/nm D¢
8P 654 718 0.082
10P 654 717 0.0877
12P 654 717 0.096
14P 655 718 0.097
16P 654 717 0.098
8Zn 598 655 0.058

10Zn 598 646 0.048
12Zn 597 645 0.062
14Zn 599 647 0.052
16Zn 598 648 0.051

© 2012 Chinese Chemical Society & SIOC, CAS
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Figure 3 Fluorescence spectra of 10P and10Zn
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Table4 Raman spectra (cm ') and assignment of the porphyrin ligands and complexes

8P 10P 12P 14P 16P 8Zn 10Zn 12Zn 14Zn 16Zn Assignment
1553 vs  1555vs 1554vs 1553s 1554vs 1550s 1549 s 1548 s 1550 s 1547 s va, W(Cy—Cp)
1496m 1496m 1495m 1496m 1496m 1494m 1493 m 1494m 1493m 1494m v (phenyl)
1455 s 1458 s 1456s  1457m  1458s 1454w 1459w 1457w 1457w 1454w  v;, v(C,—C,)
1360m 136lm 1360m 1361w 1361lm  1353s 1353 s 1353 s 1353 s 1353 s V4, W(Ci—N)W(C,—Cp)
1330m  1330m  1330m 1329w 1332m v, W(C,,—Ph)
1240m  1241m  1242s  1239m  1240s 1242w 1242m 1243m 1240w 1242m &, v(C,—Ph)
1081w  1080m 1082m 1082w 1082m 1067w 1069w 1065w 1068 m 1067w vy, W(Cy—H)
1002m 1003 s 1004s  1002m  1002s 1008 m 1008 m 1009m 1006m 1013w  vs W(Co—Cp)/V(C,—N)
963 w 966 w 965 m 964 w 965 m B(N—H)yrrole
719w 720 w 716 w 721w 717w 717w 719w 722w 720 w 724 w v7(phenyl)

404 w 404 w 406 w 409 w 412w v(M—N)

335w 335w 344 w 336 w 335w vg, VIN—M)

16P

12P

200 ' 4(I)O ' 6(|)0 ' 8([)0 ']0|00I ]2l00l l4|00I ]6'00'18I00
Wavenumber/cm’'
Bl 4 12P Rl 16P [ 86K
Figure 4 Raman spectra of 12P and 16P
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1360 cm ' PHUE, 7 WERGIEEENIbR bt ] R e, i
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LRSS i G B TR R d o o HL T X IR AR
FRVERIRARRE, Zn 10 B T RAR LUK, RIS fL A
B Cy—Cy Il C—C,, MR K, WIS Bl B 3 5
IR BERE 5D, HARERA A WA e, Wl
NNREEZS A1) 4 T IHNE T B, Zn® ' 1Y d Ui R A RE sy
X, dpo_p PA2AHT, XK 4R TR R
YER], SUERRBIR “OBZHK 7, RRBRR IS i
1, PRI &5 ) 2 B0 P 2 AR A7),
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Figure 5 XPS spectra of Ni; of 8P and 8Zn
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