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Photophysical and Electrochemical Studies of Porphyrin Containing
Ferrocene and/or Fluorine

Su,Min  Li,Qing  Wang, Yaguang Chen, Shufeng ~ Zhao, Haiying™ Bian, Zhanxi

(College of Chemistry and Chemical Engineering, Inner Mongolia University, Huhhot 010021)

Abstract Functionalized porphyrin and porphyrin containing trifluoromethyl with ferrocene were synthesized. The UV-Vis
absorption bands of porphyrin with an electron withdrawing trifluoromethyl group were blue-shifted and those of porphyrin
with an electron donating ferrocenyl group were red-shifted. The porphyrin containing ferrocenyl exhibited strong fluores-
cence quenching compared with those containing trifluoromethyl. The quenching efficiency of diferrocenyl porphyrin was
about 66% with a quantum yield @; of 0.08. These results indicated that there was a strong interaction between the excited
state of porphyrin and ferrocene, which was further confirmed by the time-resolved fluorescence measurements. The electro-
chemical studies indicated that it was difficult to lost electron for the stable porphyrin with an electron withdrawing trifluoro-
methyl. However, the porphyrin with a ferrocenyl group was oxidized easily to lost electron and was a good electron donor.

The research is supposed to provide some theoretical basis for this kind of compound using in donor-acceptor system.
Keywords ferrocene; porphyrin containing fluorine; spectroscopic property; electrochemistry
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AL T 2 I ER K.
1 #R5iT1E
1.1 ER5FIE

FHSUE FENMIBR 2 23 531 55 = 96 £ BRIF AN Sk R Ik S
TR TR, 5305 Rk ¢ FIN kIR gk
g M —A REIE R SE N d A =90 SR I
N, 15 3] ZFRBAS I B AR £, SRR = e
IGIN, R RNBR R AZ B SRl 7= A2 T — e [R5 . XY
LR FENIER b W T IR AL RS 6 7.51, TR
RRR RNk g o pR TR 1) 2 BE VR A A Ik A
JFIFEA R KA 8), L § 7.78 &b, L&D
(O I Wl L 178 S e Rt K e o2 IV - A S ek 0 B S
SRPHLFAE RS M BE AR, HIIAE 6 8.24 Ab. [HIFE, 7
BC NMR 1, M b ) LIRSS 55 T AL 22 A
5 24.78, TMNRMK ¢ ) =96 BRI IR AL S E AL RS R AR
W, WEIAE 629.71 Ab.

aR'=R?=H

b R'=R?=CH,CO

¢ R'=R?=CF,CO

d R'=H, R?=FcCO

e R'=CH;CO, R? = FcCO
f R'=CF,C0, R?=FcCO
g R'=R%=FcCO

Fo- =

Fe

<

B 1 0k a~g (R4H
Figure 1 Structures of porphyrins a~g
1.2 FIN-FI LRI 1E

UV-Vis il ] S ik =55 2k ol = 4 1 5 S nhAE
SR TMOAEMNI. K 2 ST g, ¢, f 1
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Figure 2 UV-Vis absorption spectra of ¢, f, g in DMF (insert
shows the magnification of the maximum absorption)

1.3 FASRATE DR AIL

h TR A R R = U ik bk 2 R 1)
A EAERE DL, 20 B T IRk e~g MRS S
[ A Fra e, B 3 JEnhmk e~g 7RO K 427 nm
Ak B AT A TR RS G X L AT 3wl 4,
B T IRIEE ¢ Ab, LA LAME SRR 9 T 653 Fi
719 nm &b, 1 e B9 CRAT 2~3 nm WA, HILLE
650 F1 717 nm 4b. tbAh, bk b AHLG, A5 AN
R IR RIS AR T AR IR IR K, A T E
UMM R KFERE, BL5,10,15,20-PY A FEnp
WK(TPP, @=0.11, CHCl; %) Ak, it beas (7%
VA T MK e~g 76 DMF 3P (786 1= =P, A
NAL AP T BT = 3 (Dp) R KR QPP 1.
K1 ATLLAEH, UM b 8 @k 0.23, PIAS 5 (e,
@;=0.17, 0=27%)5— %I, &=0.16, 0=
31%)%F MBI 9 S R AR BE 4z, Tty A A — ek g
RINNIR S R AT 66%IIHE K, DA 0.08. X LEL5 A
W AR — 3 R L ) 5 SR SR S A R Sy
T FERE SRR AR FAE ), T Sk 5 n bk ] (1)
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Figure 3 Fluorescence spectra of ¢~g in DMF with normaliza-
tion of the absorbance of the excitation wavelength 427 nm to the
same value

R 1 bk b~g BTOESEKIE(Q). FOLR T H (D) L F
A (zp)

Table 1 Quenching ratio (Q), fluorescence quantum yields (@y)
and fluorescence lifetime (zg) of compounds b~g

Compound O/% D 7¢/ns (fraction)
b — 0.23 12.47 (100%)
c 27 0.17 12.77 (100%)
e 31 0.16 12.04 (100%)
f 39 0.14 12.24 (100%)
g 66 0.08 11.44 (100%)

AR AT = P L WIS TR (AR E A P A T
IIHRTIOETE P AR THILE. K4 45 Tk g, c, e
(RIESF 18] 73 HF 98 S L gt £k, A ATT AR R B B4R B I,
JH R KO FEIEAT $U0 45 15 HH PRI, 5. 2 25 PO A7 i,

10000
4 g
1 S c
10004 & e
@ j =
-
8 X
S I
2
1004 = 5,
r ¥,
= T T T ‘ﬁ7 "‘\% 1
0 20 40 60 80 100

Time/ns

Bl 4 nhikc, e Al g 7 DMF H1 5650 i £k (A =427 nm,
Aem =653 nm)

Figure 4 Time profiles of fluorescence lifetime measurement of
¢, e and g in DMF (Ax =427 nm, Aey, =653 nm)
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¢ MEOGFFATLL b IR, £LE e PO Arthig <, ¥t
W L7 1) = 30 YA AR ) 5 D S bt P I 188 T
FL T BRI A PR K 5O e sl L b, Al 2
CRERFEN g (S AFfir d R, A 11.44 ns, W]
JRARFIINIBR 2 T7] 2 A 52 R 1y HhL 7 B A ) e 3 ),
1.4 BUFMER

A TR Rk T RS R LA S T
S, FIOEFAMR 500K T bk b~g RIS IE i 3,
RPN 2. WA 2 BdEmT AN, R b RS SN ¢
HH LT PR AR AL SR AT, TR b SRR b bk
e~g, BT IRBRI DY AL S HL 3O, SCAE LERRIRK S
AR AL 0.17~0.22 V BT IR T 1 ANE)E
TR ARG S L, U] R A T g A e
U LT AL Nk, bAh, T I R ) 2R — S Ak
PEGIREATRI LG, RIDER 2 A =3P ¢ EARIE =
SR b 28— 3R 55 mV, THEA 1A=
B AR e s 14 mV, B =5 AL
FINAEIROROHE R 2 LT, HE 0 T MR RS s A O,
AT RERIC e M f R R IRKFR) 25— S R IAAR EE b AOAIK,
VO] SR R 4 H 1 AR R B 7 B 2K 2 B T T
Ak, DRHIX NI AE D-A AR & rhoa) DUE A R R T
YRR R

&2 NI bg I CHLCL Wi I AL Bl 3
Table 2 Electrochemical redox potentials of b~g in CH,Cl,

Potential/V vs. Fe/Fc*

Compd. p PO F™ pot Pt
b —2.108 —1.749 — 0.494 0.777
[ —2.110 —1.754 — 0.549 0.847
e —2.122 —1.780 0.224 0.485 0.764
f —2.124 —1.782 0.174 0.499 0.811
g —2.129 —1.774 0.187 0.483 0.780
2 &g

BT RN = R e PO R [ A £ K.
WIFFU AL VLT 10 A A7 HL 1 1R = 90 00 M bk
R R ER A 2 5 AR S PR T . F 1 AR = 3
PR A SRR PR 2R AR A R Tl AR, T L 1)
B JU) A5 R (Y WS B A BRI AL RS, BT AE RS
By =9 IR S N ] A7 A 5 AT AR I AEARas e
FEETE T, IR U RS K KRR LR T =
B, AR ATN R MR A E T 66% 1) 9 L
K, B TE OALUN 0.08; IR HET G REIT 5T AL
R A SBR[ 9 S S R P W i s T kA
ERRR IR ¢ ' TR EE R, S AR v . IXLe S5 R
YEWILE A A NN %k 2 1) R 7B 1 0 ) vl 7
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R A&, ML A2 PR T S R W = TR L R 5 I AR
WHRHE SR LT, SN T R RRUE IR Rk T
VA bk B 5 5 AL, ARG I LT 4 4. XL
FHFAC G W — LN T D-A RRBRFEREE T —
ST M HR .

3 ZLEES
3.1 UEHIKF

NEXUS-670 {# B AR 21 AR i 4, KBr & J;
Avance Bruker (500 MH2)#ZHEILIRAL, LL TMS 25 P As;
Analytikjena SPECORD.50 UV-Vis Y:i4%; TonSpec 710T
FTICR/MS 75 %3 ¥ 5 i X (MALDI J5). Edinburgh In-
struments FLS920 F2AFN B} 7] 43 #E2¢ e i, B IR
FHC HOE T T E(TCSPC) /1%, NF900 AT 1E ok M,
MK FTRE A 755 T A ZE T 1 em A s IR AR
MIF1 15 min; MEC-12B HI4b2# 50 HT X, 7£ 298 K T, ¥
A TR CHLCL I, I 0.1 mol/L PU T AL /N i
IR 2 (TBAPF )/ A S FEFRMR T, FH =i, Bk
HLA o TAE LA, Pt Xt dtl, Ag/Ag k5 Lk,
Fe/Fe " VE A Ahbs. BT AR 003 0 17 8 20 M 4l 371, 351
(1) i L AT
3.2 ZWHE

ARSI S5k 1 s, e &)
a, b W ICHEROTTEA I, &Y d, e 3L SCHR(10] 545G
JK.

5,15- X (4- =5 LW L HE A TE)-10,20- 0 (3,5- 4
FEIRFL) IR (e) ()& H: K a (15 mg, 0.013 mmol)¥ 1~
6 mL A 3 mL MERE, A =5 SRREF(20 mg, 0.26
mmol) Al 4- — I BL G LI E (DMAP) (3 mg, 0.025 mmol),
N, (R4 FEEBEFE 2 h R ZEBRE ), ol 6 R A,
CH,CL %I, 192 11 mg Ak K ¢, 1% 63%. UV-Vis
(CHCl3) Amax (Ig €): 428 (5.61), 522 (4.23), 557 (3.83), 597
(3.79), 651 (3.58) nm; Fluorescence (CHCl;, A.x =425 nm)
Jem: 650, 714 nm; '"H NMR (CDCls, 400 MHz) §: 9.00 (d,
J=4.69 Hz, 4H, p-pyrrole-H), 8.80 (d, J=4.69 Hz, 4H,
f-pyrrole-H), 8.26 (d, J/=8.42 Hz, 4H, phenyl-H), 8.24 (s,
2H, CONH), 8.01 (d, J=8.42 Hz, 4H, phenyl-H), 7.38 (s,
4H, phenyl-H), 6.90 (s, 2H, phenyl-H), 4.13 (t, J=6.57
Hz, 8H, OCH,), 1.88~1.83 (m, 8H, CH,), 1.52~1.46
(m, 8H, CH,), 1.40~1.26 (m, 32H, CH,), 0.87 (t, J=6.78
Hz, 12H, CHs3), —2.83 (s, 2H, pyrrole-NH); “C NMR
(CDCl;, 500 MHz) &: 158.35, 143.66, 140.32, 135.24,
134.89, 120.39, 118.68, 118.61, 117.00, 114.71, 114.43,
101.03, 68.39, 31.80, 29.71, 29.39, 29.37, 29.24, 26.11,
22.65, 14.09; IR (KBr) v: 3318, 2925, 2855, 1734, 1594,
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1161, 800 cm™'; HRMS caled for CgoHosFgN¢Og [M+H]"
1349.7217, found 1349.7215.

5-(4- PR R I M e R )-15-(4- — 9 S i S 2R
5£)-10,20-80(3,5- - 3 A SE 2R L) MIBR (O 1K) & Jl: MRIBE d
(11 mg, 0.008 mmol)¥ T 6 mL HIZEF1 3 mL HERE, AN
L& (6 mg, 0.08 mmol) A DMAP (1.8 mg, 0.015 mmol),
N, Ry FEEBEFE 2 h WIRERRE R, SR,
CH,CL ¥EME, 732 8 mg KEMIK £, % 68%. UV-Vis
(CHCl3) Amax (Ig €): 428 (5.91), 521 (4.61), 558 (4.31), 597
(4.12), 653 (4.04) nm; Fluorescence (CHCl;, A.x =425 nm)
Jem: 651, 714 nm; "H NMR (CDCl;, 500 MHz) J: 8.98 (d,
J=4.30 Hz, 4H, p-pyrrole-H), 8.92 (d, J=4.45 Hz, 2H,
f-pyrrole-H), 8.80 (d, /=4.30 Hz, 2H, S-pyrrole-H), 8.25
(d, J=8.28 Hz, 2H, phenyl-H), 8.23 (s, 1H, CONH), 8.20
(d, J=8.28 Hz, 2H, phenyl-H), 8.01 (t, J/=8.34 Hz, 4H,
phenyl-H), 7.74 (s, 1H, CONH), 7.37 (s, 4H, phenyl-H),
6.89 (s, 2H, phenyl-H), 4.94 (s, 2H, FcH), 4.53 (s, 2H,
FcH), 4.40 (s, 5H, FcH), 4.12 (t, J=6.50 Hz, 8H, CH,0),
1.88~1.83 (m, 8H, CH,), 1.52~1.46 (m, 8H, CH,),
1.38~1.27 (m, 32H, CH,), 0.85 (t, J=6.50 Hz, 12H,
CH;), —2.81 (s, 2H, pyrrole-NH); *C NMR (CDCls, 500
MHz) 6: 169.01, 158.31, 143.77, 140.41, 137.87, 135.24,
134.83, 120.23, 119.76, 118.66, 118.29, 117.96, 114.39,
101.00, 71.13, 70.04, 68.40, 68.37, 31.80, 29.71, 29.39,
29.37,29.24, 26.11, 22.65, 14.10; IR (KBr) v: 3319, 3095,
2923, 2853, 1738, 1650, 1592, 1261, 1161, 1023, 801
cm~ '; HRMS caled for CgoHosF3FeNsOs [M + H] "
1465.7319, found 1465.7315.

5,15- X0 (4- 5K Ik Jie 5 2R 3)-10,20-80(3,5- — %
SRR ORI IR (@) ) B il U HENRBEE a (8 mg, 0.007
mmol) T 5 mL FFZEH13.5 mL ke, A DMAP (1.65
mg, 0.014 mmol), =i N I %8k I &0(6.9
mg, 0.028 mmol)f¥] F R, Ny T4 R =l H 1 h ok
FEZEBRU A, S HERCAE, CHCL Yl 193] 5.8 mg (4
WA g 7% 53%. UV-Vis (CHCL) Ay (1g €): 429 (5.44),
523 (4.11), 560 (3.84), 597 (3.67), 653 (3.54) nm; Fluo-
rescence (CHCI;, Ax =425 nm) Ay 653, 716 nm; 'H NMR
(CDCls, 400 MHz) d: 9.00 (d, J=4.63 Hz, 4H, S-pyrrole-
H), 8.92 (d, J/=4.63 Hz, 4H, S-pyrrole-H), 8.22 (d, J=
8.28 Hz, 4H, phenyl-H), 8.02 (d, J=8.28 Hz, 4H, phenyl-
H), 7.78 (s, 2H, CONH), 7.40 (s, 4H, phenyl-H), 6.91 (s,
2H, phenyl-H), 4.96 (s, 4H, FcH), 4.54 (s, 4H, FcH), 4.42
(s, 10H, FcH), 4.14 (t, J=6.49 Hz, 8H, CH,0), 1.88~1.83
(m, 8H, CH,), 1.52~1.46 (m, 8H, CH,), 1.38~1.27 (m,
32H, CH,), 0.87 (t, J=6.56 Hz, 12H, CH3), —2.77 (s, 2H,

Chin. J. Org. Chem. 2013, 33, 815~819
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pyrrole-NH); *C NMR (CDCl;, 500 MHz) o: 168.98,
158.31, 143.9, 137.85, 135.21, 120.08, 119.45, 117.96,
114.39, 101.05, 71.11, 70.03, 68.41, 68.37, 31.80, 29.39,
29.23, 26.11, 22.64, 14.10; IR (KBr) v: 3317, 3095, 2923,
2854, 1650, 1589, 1509, 1261, 1161, 1056, 800 cm ';
HRMS caled for CosHi13FesNqOg [M+H]™ 1582.7454,
found 1582.7660.
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