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Abstract: Several new kinds of asymmetry porphyrins and metalloporphyrins modified by pyridine derivatives

were synthesized and characterized by 'H NMR, elementary analysis, MS, IR, UV-Vis spectra etc. Moreover, the

results of molecular simulation are consistented with that of spectra analysis. The nonlinear optical properties of

porphyrins and metalloporphyrins were studied by Z-scan experiment. Using ns-laser pulse, strong nonlinear

absorption is observed at 532 nm. The experimental results show that the effects of different positions of the

substituent and different metals on the nonlinear refractivity of the porphyrins are evident.
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W I M(AcO),(M=Cu, Zn , Ni) () H B AR % Wi
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3.5, VIVPEWRRUER Mo 2 faqd | i T15 5 20
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Py 7% 40.8 %. 'H NMR(CDCly) 8/ppm: —2.74
(s,2H,Pyrrole N-H),3.06(t,/=9.9 Hz,2H,CH,),4.04
(t,J=7.2 Hz,2H,CH,),4.80(d,J=9.8 Hz,2H,Pyridine),
5.59(d,J=7.2 Hz,2H,Pyridine),7.72(d, J=8.7 Hz,3H,
Ar-H*9)7.66~7.75(m,9H ,3Ar-m.p-H),8.10(s, IH, Ar
-H%,8.06~8.24(m,6H ,3Ar-0-H),8.82~8.85(m,8H , 5
Pyrrole).Anal. Caled. for C5;H;N5O,: C 81.47,H 4.96,
N 9.31;found C 80.79,H 5.09,N 8.72. MS,m/z:752.5
(M+H"), BB E . 751.3.

ZnPy: 77 % 90 %. 'H NMR(CDCly) &/ppm: 2.62
(t,J=9.6 Hz,2H,CH,),3.24 (t,/=9.6 Hz,2H,CH,),
3.93(d,J=7.2 Hz,2H,Pyridine) 5.58(d,J=7.2 Hz,2H,
Pyridine),7.50(d, J=8.7 Hz,3H,Ar-H*%,7.70(m ,9H,
3Ar-m,p-H),7.98(s, 1H, Ar-H?),8.17~8.27(m ,6H , 3Ar
-0-H),8.63~8.86 (m,8H,B-Pyrrole). Anal. Caled. for
Cs;H3sN5O2Zn: C 75.14,H 4.33.N 8.59;found C 74.75,
H 5.09,N 7.93.MS,m/z:814.5(M+H") | #Hit{H . 813.2.

CuP:/= % 82.5%, Anal. Caled. for CsH;sN5O,Cu:
C 75.31,H 4.34,N 8.61; found C 75.27,H 4.39,N
7.97. MS,m/z: 814.0(M+H*), Fit{H . 813.0.

NiP;: /=% 85 %. 'H NMR(CDCl,) 8/ppm: 3.05(t,
J=2.1 Hz,2H,CH,),3.89(t,J=2.1 Hz,2H,CH,),4.82(d,
J=4.5 Hz,2H,Pyridine),5.55(d, J=4.5 Hz,2H,Pyridine),
7.58~7.86(m, 11H, Ar-H*® 3Ar-m.p-H),8.01~8.18 (m,
6H,3Ar-0-H),8.59(d,J=8.7 Hz,2H, Ar-H*),8.71~8.79
(m,8 H, B-Pyrrole), Anal. Caled. for Cs5H3sNsO,Ni: C
75.76, H 4.36 N 8.66; found C 75.23,H 4.89 N 7.99,,
MS,m/z: 808.4(M+H*) , ¥ {H . 807.2.

Py: 77 % 43.6 %. 'H NMR(CDCLy) &/ppm: —2.79
(s,2H,Pyrrole N-H),4.21(t, J=6.6 Hz,2H,CH,),4.36(t,
J=6.9 Hz,2H,CH,),6.48 (d,]=7.5 Hz,2H,Pyridine),
7.16(d,J=7.5 Hz,2H , Pyridine),7.47(d,J=5.1 Hz,2H,
Ar-H>9),7.71 ~7.77 (m ,.9H ,3Ar-m ,p-H),8.11 (d, J=8.1
Hz,2H, Ar-H*),8.20~8.22(m,6H ,3Ar-0-H), 8.80~8.85
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(m,8H, B-Pyrrole). Anal. Caled. for C5;H;N50,: C 81.47,
H 4.96,N 9.31; found C 81.05,H 4.97,N 9.26. MS,
milz: 752.6(M+H)HEE . 751.3.

ZnPy: 7% 95.0 %. 'H NMR(CDCLy) 8/ppm: 2.65
(t,/=3.0 Hz,2H,CH,),3.22(t,/=3.0 Hz,2H,CH,),3.91
(d,J=3.9 Hz,2H,Pyridine) 5.82(d,/=4.0 Hz,2H,Pyridine),
7.71(d,J=8.7 Hz,3H,Ar-H*9),8.22(m,9H,3Ar-m ,p-
H),8.42 (s,1H,Ar-H",8.70~8.75 (m,6H,3Ar-0-H),8.78
~8.86(m,8H,B-Pyrrole).Anal. Caled. for CsH;3sN5O.Zn:
C75.14,H 4.33 )N 8.59;found C 75.56,H 5.09,N 7.93.
MS,m/z: 814.5 (M+H*), FLit{H . 813.2.

CuP5: 7= % 92.1%.Anal. Caled. for CsHzsNsO,Cus
C75.31,H4.34,N 8.61; found C 75.36,H 4.39,N 7.97.
MS,m/z: 814.0(M+H*) , Bt {H . 813.0.

NiP, : %% 90.5%. '"H NMR(CDCly) 8/ppm: 4.23
(t,J =4.8 Hz,2H,CH,),4.36 (t,J =4.5 Hz,2H,CH,),
6.50(d,J=7.5 Hz2H,Pyridine),7.10(d,J=7.5 Hz,2H,
Pyridine),7.51(d,J=7.5 Hz,2H, ArO,4),7.63~7.70(m,
9H,3Ar-m,p-H),7.90(d,/=8.7,2H, Ar-055),7.98~8.01
(m,6H,3Ar-0-H),8.70~8.74 (m,8H,B-Pyrrole). Anal.
Caled. for C5HyNsONi: C 75.76,H 4.36,N 8.66;
found C 75.69,H 4.76,N 8.30.MS,m/z:808.4(M+H"),
HIEAH :807.2.

M(AcO),
CHCL,, CH,0H

,),Br

Ho N
— =

K,CO,, butanone

MP (MP,)(M=Zn, Cu, Ni)

Synthesis routes

2 HR5WR

21 HFHRREEHS
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Fig.1 Lowest energy configuration of ZnP,
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Fig.2 Lowest energy configuration of ZnP,



533 byl

TR T AN X P 2 < R 3 2 R T R AR 2 e s R ST 429

22 BEERSIE

1E CDCLy W P I 5E 1T A XS FRANRAY TH NMR
Ve, A RN X A W A7 B AT TR, A
XFFRANIR Py P, (KPR IS H BT 0 1 1k 2= 3 72
53 LT -2.74 ppm F1-2.79 ppm &b, 0 4 J&
ZnP, NiP, ZnP, NiP, {3 &l v i 08 196 2 | i W]
B S8 B4 i MRS

HY T 52 PN A 33 28007 149 52 1), Py A0 i i v 3
() 0T - 43 N 6.70 .8.32 ppm(4- £ A SE ML BE ik
WE B 1) T WAk 2 6 BN BE 31 T 4.80.5.59 ppm At
Syl B R Eh T 1.90 1 2.73 ppm, Zr il 45
BRI A5 ) 5 M e BR CL 8 C-0-C 5 WMk A i
e —, Mo F R IR REF 52 v] LUt )
bk BE AT (] IR ER 1 T, Wk E B 1Y) S0 JBT 52 P ok
WAL s R ECHAC B R &Y, Py
ML E 2R 5t - 04457 T 6.48 1 7.16 ppm, [l w60 7% 1
0.22 F1 1.16 ppm , XS T P, 5Z MR SZ MR AL /N T
P, 5B T IECALST |, OUEE otk E B 04 5T 04 53 551 DA
4.80.5.59 ppm % T 3.93 5.58 ppm &k, 53 5l 1] 5
¥ T 0.87 1 0.01 ppm, UtHIE B4 &G
J5, [RIE 2 30T 4 JE B - RN R ER G RIONE 14 5 T
SEOMIE IR T gk Sz m s, SRR
FERT LAt mEnE R L0 2 Ak b0y &R 52 300
SRR AT I T R S M ok O R S A
VT 380 2 AR R T RERE B A BRI A BT 4G
G U IS UE T FATHHED | ZnP, H1 45 5T -1 35 )
B A AN E R (AL RS HEWTTT e 232 B 0 — ZnP,
3 F- Hh B PR A ) 5 T T U

NiP, fill §5% v nkk e BF 1) 57 5~ 0 1) b 2 A0 4% L

1 AMKAD G JE AN MK R e B R T R BT

(-CHA) L F A BE

Table 1 Chemical shift data of pyridine and
methylene (-CH,-) group of

porphyrins and metalloporphyrins

Compound Pyridine-H -CH
4-oxethylphyridine 6.70 8.32 — —
P, 4.80 559 306  4.04
ZnP, 3.93 558 262 324
NiP, 4.82 555 305  3.89
P, 6.48 7.16 421 436
ZnP, 391 582 265 322
NiP, 6.50 710 423 436

5 P, vtk e 04 5T 06 04 Ak LS AR TR] | 6 TE L
(9 Ni-N B X T B 2R 1) 52 M IR R K e 2134 2
LA PSRRI B L A5 Y 5 ) ) B DA ] i ]
LLFE 3 ZnP, NiP, AHXF T P, > U0 5 D5 &5 b 19 Bx +
1) 127 5 B AR AN [ A B b ) 25 3 % 8l ZnP, 1 2 4
[543 18] =5 35 % 8 T 0.44 A1 0.80 ppm; NiP, 11
2 A5 nl = %30 17 0.01 #10.15 ppm, AJ
PLE H Zn-N BERIE SO Ni-N & 1 T2 Bl X g 1 5%
T B2 T R 7 A T ORI AR BE A s, BRE 4)
UM I IR =i W s 3 Al 57 N DAS RN 7
J5 OB Hmtk BE PR (8 4 A S5 00 2 52 B T bk P BR
TS B4 5% ) | 3K 5 R R A S5 SR ARAT
2.3 A5k

P, P, M H 4 & T 45 0 I 21 A0l it R I Ak
JE R, 7E 4000~400 em™ 78 BBl 952G | OG5 00 51
THR2E3IH,

x2 P RESEBREY MP, B LS F1E BRI 1
Table 2 1R data of P, and MP,

Characteristic vibration P, ZnP, CuP, NiP,
Vit 3 405.4(m) 3 421.0(m) 3 423.9(m) 3 439.6(m)
vyu(pyrrole) 3 313.8(m)

Ve, Veo(pyridine) 1 637.9(s) 1 636.8(s) 1 638.1(s) 1 637.9(s)
Ve, Vean(pyrrole) 1 559.3(s) 1 551.9(s) 1 556.2(s) 1 552.3(s)
vea(pyrrole) 1 472.2(s) 1 484.0(s) 1 488.5(s) 1 490.1(s)
vea(pyrrole) 1 349.6(m) 1 338.1(m) 1 345.5(m) 1 352.2(m)
v 0(C-0) 1 288.7(w) 1 295.7(w) 1 289.0(w) 1 289.0(w)
v O(ph-0-C) 1 244.0(m) 1 241.2(m) 1 245.5(m) 1 248.1(m)
Veo(O-C symmetrical flex) 1 188.9(s) 1 189.4(s) 1 189.1(s) 1 188.9(s)
Veo(O-C dissymmetrical flex) 1 117.8(m) 1 120.0(m) 1 120.3(m) 1 121.2(m)
ven(pyrrole) 1 071.5(w) 1 066.8(w) 1 071.2(w) 1 072.7(w)
Ve, Veo(pyrrole) 1 000.9(w) 1 001.1(w) 1 003.2(w) 1 006.0(w)




430 gl Eo 5% 26 4
ik 2
porphyrin ring distorting 992.26(s) 996.04(s) 996.21(s)
Ona((pyrrole rocking) 965.42(s)
Ten(pyrrole) 848.52(m) 849.74(m) 845.72(m) 846.49(m)
Svi(pyrrole) 730.26(s)
pyrrole nuclear 412.95(w) 431.76(w) 408.33(w) 409.21(w)
x3 P,REEERESY MP, B IMNFE R IE
Table 3 IR data of P, and MP,

Characteristic vibration P, ZnP, CuP, NiP,
Vnn 3 439.8(m) 3 439.2(m) 3 440.3(m) 3 421.6(m)
Vna(pyrrole) 3 321.4(m)

Ven(pyridine) 1 640.4(s) 1 639.3(s) 1 637.5(s) 1 639.07(s)
ven(pyrrole) 1 472.5(m) 1 485.1(m) 1 494.6(m) 1 503.2(m)
vea(pyrrole) 1 349.5(s) 1 338.5(s) 1 346.6(s) 1 352.4(s)
veo(C-0) 1 286.5(m) 1 296.9(m) 1 281.8(m) 1 285.5(m)
Veo(ph-0-C) 1 243.4(s) 1 239.4(s) 1 240.4(s) 1 238.8(s)
veo(O-C symmetrical flex) 1 190.9(s) 1 190.5(s) 1 189.9(s) 1 190.4(s)
vea(pyrrole) 1 071.8(s) 1 069.6(s) 1 072.8(s) 1 072.7(s)
Ve, Vec(pyrrole) 1 001.0(s) 1 002.0(s) 1 003.3(s) 1 006.0(s)
porphyrin ring distorting 992.36(s) 996.04(s) 991.56(s)
Snu(pyrrole rocking) 965.32(s)

mea(pyrrole) 841.55(m) 847.70(m) 846.37(m) 847.08(m)
Sna(pyrrole) 732.75(s)

pyrrole nuclear 417.31(w) 436.79(w) 408.33(w) 429.20(w)

1 2% 2 B T LA Py 9 N-H A 4R 3R sk
A 3313.8 em™.965.4 em ™ Al 730.26 ¢cm™
Ab | TEFERE R B A SR IS W X 3 ARkl I Ok W]
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— AT I R P 46 IR B 306 43 5 VA )& F Zn-N  Cu-
N Ni-N &5 | g Pk BR i 4 21y, 3 SR B nh gk BA I
M N-H 2 N F o4 s s 7t st 2 il s 5
H IO B TR A9, 649 1638 em™ Ab
B — iR A W 0 | U JE T I BE 3R 1Y C=N .C=C
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1 2% 3 Kdli ol LA P, I N-H A 45 9% 3h
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B IR IBR IR - 1 N-H 2 38 4 Jm 2 7 U ok
SEULAE S H R INIE T R G S, 1 AME
1639.3 em™ Ze A7 Ak H B — 5 A W ic e | I S8 Tl i
¥ E# C=N .C=C 4i4:3)
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Fig.3 UV-Vis Spectra of P; and ZnP,
*4 Pn=1,2)REE&EBREY MP,M=Zn, Cu, Ni)# £ 5p-7] IL ¢ 1L & 4E
Table 4 UV-Vis Spectra data of P,(n=1, 2) and MP, (M=Zn, Cu, Ni)
Soret band / nm Q band / nm Soret band / nm Q band / nm
ZnP, 428.4 559.8 598.5 ZnP, 419.5 559.1 598.0
CuP, 415.0 538.0 572.6 CuP, 415.0 538.0 574.1 613.7
NiP, 414.7 527.1 555.8 NiP, 414.8 527.2 616.1
P, 418.0 514.3 548.9 589.4 643.8 P, 419.0 515.1 550.2 590.9 647.3
H,PP 418.5 515.5 551.5 591.0 646.5 ZnTPP 419.0 548.0 584.0
ZL%%, WIRESE th T AR BE ik iE PR AT ) IR RER B ] B Soret WALES X S ML AT A R 2 — 2K
T, 5 BRSO RIR g H ] AR 5 A B (149, NiIl) , Cu(IBC G 4 B 3 5 A X AR & A i FS
20 & 08 Ni(ll) | Cu(IDAY M2 723 02 3d®.3d°, RILFE
TG, Ja T AN L0 Y 1y W B B BT LA Soret F1 Q43
154 Yo W A
L P (TS A6 AR, AT 4 4 Q
| T 45 R NI 5 AT 2 > Q i X2 48 i P RIS i
0.5 HYAFIE
. Soret bands %‘:{ 4 Q/\ I'ZEI E/J P2 & MPZ E’J [ﬂll&lu ﬁ PZ\NIPZ\
0.0 fo= T e —— CuP, KI5 P, NiP, .CuP, FIFER R ZnP, T
A/nm

Kl 4 MP, (M=Zn, Cu, Ni)FC& 91 285007 UWLoG 3
Fig.4 UV-Vis Spectra of MP, (M=Zn, Cu, Ni)

2.0

Soret bands

A 4 e i LA T IR EIR XA AR 4> T AL G
HORBEYT M IbIRER |5, % ZnP, BY Soret 7 J& 1 )
RIRBZHANF

2.0+

Q bands
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550 650 700

K5  ZnP,.CuP, Ml NiP, B2 /b -] WOl i%
Fig.5 UV-Vis Spectra of ZnP,, CuP, and NiP,
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Fig.6  Change of the UV-Vis Spectra before and after
the coordination of Zn(Il)
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Table 5 Data of the nonlinear refractive index n,

P, CUP1 NiP,

P, ZnP, CuP, NiP,

2.02x10™" 5.10x10™" -4.41x10™"

n, (esu)

1.54x107™" 1.19x10™ 6.10x10™" -2.08x10™"
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