% *n) {& % DOI: 10.6023/cjoc1104172

WRiIL

Chinese Journal of Organic Chemistry

ARTICLE

M-S EZEN FRASRRAMAOSHS BT EHHE
KAEE  ESE ERT

(R TR S C 2B D Re 0 90 )0 510640)

WE DCRHERLS IR, 22 PRV AT 5-[2,3-30(2,4,5-= I 3E-3-WEmy 55) B SR Bt W0 JHe -N- 28 3-10,15,20-
ZRIENNR(TPPMA) K A4 B EEIC &) (Zn TPPMA) 5 il 4 #)(CuTPPMA), i IR, MS, '"H NMR Fil °C NMR #fiik T
WEWMLR, R UV-Vis 5 TGRSR rkae. Sigt kW, TITER LMmEds T i (PVB)IE
RV, TPPMA 78 254 nm BAMGREST, BAOGBARGIE, M 254 F 650 nm PG T HERBRAY)
CuTPPMA #il ZnTPPMA TEVA S PVB 5 55 mf DL A 3 () 6 B0t S5 B

REEE LB nhk-TOE RO SEESY)

Synthesis and Photochromic Properties of Diarylethene-Based
Porphyrin Derivative and Its Metal Complexes

Zheng, Chunmei Wang, Tingting Zeng, Heping™
(Institute of Functional Molecules, School of Chemistry and Chemical Engineering, South China University of Technology,
Guangzhou 510641)

Abstract  5-[2,3-Bis(2,4,5-trimethyl-3-thienyl)maleimide-N-phenyl]-10,15,20-triphenylorphyrin (TPPMA) and its Zn/Cu
complexes have been synthesized using benzaldehyde and pyrrole as starting materials. Their structures were confirmed by 'H
NMR and C NMR, IR, MS techniques. The photochromic properties were determined by UV-Vis spectra. The results indi-
cated that TPPMA was non-photochromic under 254 nm light either in solid or liquid phase, while ZnTPPMA and CaTPPMA

underwent reversible photochromic reactions under 254 and 650 nm light both in solution and in PVB amorphous film.

Keywords photochromic; porphyrin-diarylethene; metal complexes
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Scheme 1

I JGE 5T 986063 RH HITACHI F-2500 556t
T R NV EIER A CHF-XM-500W  Ji JIVR
YTIRIT AT L. 2,3-R0(2,4,5- = FF B3B8y ) T Sfe jig fi
T R A B(TC); e 1= EdgBr 4 T A w]; &k
W TR LA 2R R SRR T IR
(PVB) T~ bt diy 2R 1A B A w15 A 2 A A0 2 2 AT
Fk IS 7 S A ) SR T R 34 4 i 5 o b
ali, Realith B

1.2 LEYMERSHRIE

1.2.1  meso-5,10,15,20-v9 3K ok (TPP) A= 5-(4-Ff AL
i&;&)-m 15,20- = 3 3k v bk (NO,TPP) 89 A 2%,

Z: [ SCHR[15, 16] 1177754 B TPP 1l NO,TPP.
122 5-(4-RIFKH)-10,15,20- = F 3 7ok (NH, TPP)
ERRE

Z: W SCHR[17~ 191/ J5 ¥4 e NHLTPP: R34 1]
ti /é«%’*%n/mr“ T 50 mL = EF A A 20 mL
WERFRFN 0.35 g SnC1,2H,0, i S35t #7870 ik,
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TN 0.20 g (0.31 mmol) NO,TPP. ZE i W 30 min
J&, A 65~70 CHR4REI Y. 60 min. KINIEEGY)
AH R, AN EZEK, B gk, ok,
PEDHR AN £ /K (15 mL) #RE /K15 mL) 243
K10 mLX3)pe¥s)a, THERAEREAREA U NCKR L
BR) @ VCAHER)=1 5 Ui AT A 26 40
WSS iy AR =8, T A 13 0.17 g NHZTPP
FEE 89%, Ry=0.43 [V(LIRLHR) @ VOAME)=1 ' 3].
UV-Vis (CHyC1,) Amax: 416, 513, 546, 593, 649 nm; 'H
NMR (400 MHz, CDCL3) 6: 8.93 (d, J=4.4 Hz, 2H), 8.83
(s, 6H), 8.22~8.20 (m, 6H), 7.98 (d, J=8.0 Hz, 2H),
7.78~7.71 (m, 9H), 7.01 (d, J=8.0 Hz, 2H), 3.94 (s, 2H),
—2.75 (s, 2H); IR (KBr) v: 3455, 3372, 3315, 3053, 3024,
2921, 1734, 1615, 1514, 1474, 1441, 1351, 1282, 980, 800,
702 cm™'; APCI-MS m/z (%): 629.0 ((M+1]", 100).
123 5-[2,3-3(2,4,5- = F 338w 38 ) B ok BE IR Jiz-
N-3K3K1-10,15,20- = K A PR ok (TPPMA) 694 A%,

Z WSCHR[20]1 5156 i TPPMA: FREX 0.05 g 2,3-
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M (2,4,5- = HIHE-3- W) Ey KR 1 (0.14 mmol)Fl 0.56 g
NH,TPP (0.89 mmol) T = H%&i, MA 25 mL K,
0.2 mL =M%, Ny R4 R m#aly, TLC Hid%. 24 h
S RN, AT AR R, T A, R, R e
MR R /K(10 mL X3k, T8, UL LR LBR) :
VAR =1 1 30 APl A0 LA TAE 28T 2 8, Wtk
F ARy TPPMA, TR AN A 011 g, /=%
83%, Ri=0.29 [(LIRZTR) @ (& Fki)=1:2]; 'H
NMR (400 MHz, CDCLy) 6: 8.95 (d, J=4.4 Hz, 2H),
8.90~8.87 (m, 6H), 8.27 (d, J=8.0 Hz, 2H), 8.15 (d, J=
7.6 Hz, 6H), 7.85 (d, J=8.4 Hz, 2H), 7.72~7.65 (m, 9H),
2.15 (s, 6H), 2.00 (s, 6H), 1.83 (s, 6H); *C NMR (100
MHz, CDCls) 6: 169.3, 150.3, 142.8, 142.0, 137.3, 137.1,
136.8, 136.5, 134.9, 134.4, 132.1, 132.0, 131.8, 130.7,
127.5, 126.5, 123.6, 121.2, 119.9, 29.7, 14.0, 13.2; IR
(KBr) v: 3313, 2923, 2858, 2360, 2336, 1718, 1620, 1387,
1149, 1091, 965, 800, 735, 699, 658, 600 cm™'; APCI-MS
m/z (%): 957.7 (M", 100). Anal. caled for Co,H47N50,S,: C
77.71, H 4.94, N 7.31, S 6.69; found C 77.73, H 4.82, N
7.38, S 6.81.
124 5-[2,3-3%(2,4,5- = F A -3-v% w5 30 ) I sk Bt T8 -
N-3K3K]-10,15,20- = K K vl ok 4% (ZnTPPMA)F= 5-[2,3-
R (2,4,5- = F I 32K ey 3K ) B R BRI M -N- R K-
10,15,20- = 3 #[ ok 4R (CuTPPMA) 49 4~ A%,

S SCHR[2 11107 V2:4 B ZnTPPMA F1 CuTPPMA:
£ 100 mL =g IA 0.05 g TPPMA (0.052
mmol)F120 mL CHCl;, N, {47 F [l 45 10 min J5, il
IHE S ORI 10 mL WA 0.12 g FEIREE(0.52
mmol) ¥ R, REElmid: 2 h RIVEHRE, ¥
RS 8K BER: (10 mL X 3), /bHET/K Na,SO, T
PRI, 28R BR 22050, R L SR B/ i Tk At
IR0 L REA T R RS2 T 43 1.

ZnTPPMA: 0.46 g, /=% 87%, R=0.42 [W(LIR L
fig) © V(i hl#)=1 : 6]; '"H NMR (400 MHz, CDCl) o:
9.02 (d, J=4.4 Hz, 2H), 8.96~8.94 (m, 6H), 8.34 (d, J=
8.4 Hz, 2H), 8.23~8.21 (m, 6H), 7.92 (d, J=8.4 Hz, 2H),
7.79~7.72 (m, 9H), 2.22 (s, 6H), 2.07 (s, 6H), 1.91 (s,
6H); '*C NMR (100 MHz, CDCl5) §: 169.5, 150.5, 143.1,
1422, 137.6, 137.4, 137.0, 136.7, 135.1, 134.7, 132.3,
132.2, 131.9, 131.0, 127.7, 126.8, 123.8, 121.4, 120.1,
29.9, 14.6, 13.4; IR (KBr) v: 2964, 2918, 2853, 2363,
2336, 1713, 1385, 1261, 1097, 1022, 800, 700 cm ';
APCI-MS m/z (%): 1020.5 ((M+1]", 100). Anal. calcd for
C>HusNs0,S,Zn: C 72.89, H 4.44, N 6.86, S 6.28; found C
72.76, H 4.66,N 6.71, S 6.33.
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CuTPPMA: 0.48 g, /%% 90%, R=0.59 [N(LIRL
ig) © V(fhEF)=1 : 6]; '"H NMR (400 MHz, CDCl;) ¢:
8.99 (d, J=4.4 Hz, 2H), 8.91~8.89 (m, 6H), 8.32 (d, J=
8.0 Hz, 2H), 8.20~8.17 (m, 6H), 7.89 (d, J=8.8 Hz, 2H),
7.75~7.68 (m, 9H), 2.10 (s, 6H), 1.95 (s, 6H), 1.78 (s,
6H); *C NMR (100 MHz, CDCl;) 6: 170.9, 168.9, 142.4,
141.6, 137.1, 136.9, 136.6,136.3, 135.9, 134.6, 133.4,
131.9, 131.6, 131.2, 130.6, 127.4, 127.2, 127.0, 126.3,
123.2, 121.3, 120.1, 29.2, 13.9, 13.0; IR (KBr) v: 2964,
2922, 2850, 2364, 2343, 1714, 1383, 1260, 1095, 1022,
800, 701 cm'; APCI-MS m/z (%): 1019.5 M+ 1]%,
100). Anal. caled for C¢HysN50,S,Cu: C 73.03, H 4.45, N
6.87, S 6.29; found C 73.25, H 4.54, N 6.68, S 6.33.

2 #R5HE
2.1 TPPMA, CuTPPMA #1 ZnTPPMA BY4E#)R1E
2.1.1 TPPMA, CuTPPMA #= ZnTPPMA #9 IR £ B
M TPPMA, CuTPPMA il ZnTPPMA 4L A1 nf
DA H, 3300 em ' A2 AT SRR Y N—H 43I 30 4
TEMR U6, 965 cm ™! 4b 4 TPPMA HRBRER P N—H [RITHT A
PEAEYREN I, 1715 cm ™' 2245 IR SRS C=0O (1)
WgiIRsh. F 54 BRALR, 3300 ecm ™' 2245 1) N—H {H#
EPRBNIEFN 965 cm ' AL N—H TH P FEFEIR B4 2K,
7 1000 cm ' BT HBL T BT A SRR SO0, I 7 W 4 2
T CHE TN B B4 R LR A ).
2.1.2 TPPMA, CuTPPMA #= ZnTPPMA #9 UV %A
1 49 TPPMA, ZnTPPMA ! CuTPPMA 1F
I CV e (5 b =] DLW, kR 11070
mol/L. TPPMA 7F 500~700 nm 2 [f] 5 4 Mg, 43 5]
J&: 511, 545, 590, 647 nm. 24 TPPMA FFHIMHIA L5 4 )&
Cu M1 Zn BCAZ 5, WOLKEW RS, HAE 500~700 nm
Z (¥ Q i &4k, CuTPPMA 7E 500~700 nm Z [i]
A 1 ANRIIE(537 nm); ZnTPPMA 7 545 nm 44—
SRS, FEAE 597 nm &b —/Mulg. TPPMA 1)
Soret T {F 415 nm, ZnTPPMA [f] Soret H77F 415 nm,
CuTPPMA (] Soret 47 75 412 nm, fIRVFIEHE. X LLHL L
DAL R ZE R ER Y 5 I N2 8 5 1 05, B0 P L0 s B 1 o,
Be SR RRIE G 0, A Q YR e i AN b L Uk
99, Soret 7 K A=A B,
2.1.3 TPPMA, CuTPPMA #= ZnTPPMA ¢ FL %5
K 2 Z4L&% TPPMA, ZnTPPMA Fl CuTPPMA 7£
IECEE(1X 107> mol/L) 1 [%¢ Yo e, ok I K3 h
416 nm. WK FT7R, TPPMA 7E 650 nm 22434 — B0
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Figure 1  UV-Vis spectra of TPPMA, ZnTPPMA and
CuTPPMA in hexane
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Figure 2 Fluorescence spectra of TPPMA, ZnTPPMA and
CuTPPMA in hexane
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Figure 3 Absorption spectra of TPPMA in hexane upon irra-
diation with 254 nm light
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Figure 4 Absorption spectra of ZnTPPMA in hexane (a) and
acetonitrile (b) upon irradiation with 254 and 650 nm light
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FH2e 254 F1 650 nm YRR S 195840 ] DL G 3.
7EF 4(a) T, ZnTPPMA ) 1F CU5e i 4 254 nm YGRS,
546 nim Ak (1R AU 5l AT I i, 1 U N RDIA B 35 s
Jii, WRSCRRFEAS TR N, R RIEBDEFRE FPIRE. BRI,
P22 650 nm FA] WOGHES, 546 nm Ak i)W fC s o i 1
WEBRAG, 2% MR INFPR)k B 50 min J5, Wl 28 0] B 4G
WA, B, £ 4b)H, ZnTPPMA ) LB
254 nm JEIE i, 556 nm A 1 W UG A R A T A B, 2
SIS RIAA 2140 s 5, WOGEEA PRGN, i, F£8id 650
nm [ 0] UG RS, 556 nm Ab IR OGRE BT IR, JE&id
50 min [RGB GIRE. LK 4() &l 4(b) AT LA
KIL, ZnTPPMA 1L IE U5t IR R EUR (v g 220w 11
ST, PEARERR 05 5 OIGZA & 9 e EL
AR J I8 A AR 7 P 2 AR Fr 4 ),

& 5(a) 1 5(b)%33 3 CuTPPMA ) 1E e 2
HERE 254 F1 650 nm SIS 58 20— ] WG 15 1.
7 5(a), CuTPPMA [P IE OB 4T 254 nm Y6
I, 536 nm Ak (RIS FEE AT G T, 1 B IR )k
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1.24 i
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Absorption spectra of CuTPPMA/PVB (a) and CuTPPMA/PVB (b) upon irradiation with 254 and 650 nm light
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TPPMA Y EUAS 0 Jx N AE R AN 6t L A8 4k, i
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