Vol.38 BEFREALFE FIR No.7
2017 47 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 1117~1124

doi; 10.7503/¢jcu20170043

Bk B A R RY § & RAE R EL TE RE

G, RO, RRRE, £OM, £FE
(LMEEE AR AL T 2B, 1 200240)

HE s b B 4 25 T 5 b IO 3 B OIS A ] B K A s 1 I ok, A R SR G L AR I
('H NMR) | i FLM-ZR 2T AMGE (FTIR) | 55 40-A] TLIRISOGTE (UV-Vis) BTk (MS) 55 B Yk 7 3R 1E
KMk SEARSE. B1Z RAIMRAE AT, TR LL 1,5- 28 i R ng , BTk 5- 251,428
Bk, FEILR Ny 78% ~95%. TUe kB, BRERSEAIAEAR IR L B DA BUR M E | T80 B ST A7 B sk
N oA G R A R e, R B AR (AL 8 B OCH . 3 1R A R R IR A A R — R
N ST Y SR L.

KR KIETEREERON, 1,5-258 W e E Al —2s

FESES  0614; 0643 XHEFRERS A

MR SR SR 2 B FUBCRIEE RO TR b0 DR SRR SR A B2 TR R
50 A RO AR LIl SR, 2 ARk, IRVEVERNRIA AR X 5 T4 B4R 0 32 2z ek, (2
HAFELRTEE | BTG QR AR, BRI T IR, AR A A nhobk 2 UK ML AR, KIS PR R ok
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DRX500 IR s FARIEAL, #5)8 DMSO-d,F1 CDCL, (400 MHz, {[® Bruker 23 #)); FT-ICR MS %!
WAL (72 [E Bruker A H]) ; Varian Cary Eclipse BI%¢ G154 ( S Varian A H]) 3 QM/TM/IM #4555 2 %5¢
RS BRI RS (EE PTI A H]).
1.2 KB HEREERIMNKAT & B

A3 13 B A [ BB R L A4 2 P B S5 kg 322 Adler 585 i meso-PU ZE BLIREE (TPP) | meso-PU (4-H
SABEAR BN ) (TMPP) | meso-PU (3-F1 A ZEZR I ) IR (3-TMPP) | meso-DU (4-54 783 ) HNIE(TCPP) FiI
meso-PU (2,6- 5 AIEL) Mk ( TDCPP) .
1.2.1  meso- (4-8 B 3 4L ) vhok (TPPS) By & ik X R AE S5 SCHR[ 21 1 7k I m ikt . 4% 1.50 ¢
TPP . 10 mL AR BRI A BREM T, IEE 120 CIFINR 4 h, B, BB ESTEZE FRKEATE
DUUET . ik, S b/ BT AR ve s, PR AR AN IR Y pH (E28 6~9, iuE, &4 EL
M2 B 3 Wk, TR, BBEEEA, 2% 90%. '"H NMR ( DMSO-d,, 400 MHz), 6. 8.84 (s, 8H,
B-pyrroles) , 8. 18(d, 8H, 3, 5-phenyl), 8.03(d, 8H, 2, 6-phenyl), —=2.77(s, 2H, NH pyrrole) ; FTIR
(KBr), #/em™; 3298, 1653, 1534, 1252, 1024, 910, 740; UV-Vis (H,0), A, /nm ( 10°¢,
L-mol™ - em™): 589(4.8), 551(4.9), 515(10.2), 412(267.5) ; MS, m/z; 1022. 00.
1.2.2  meso-1 (4-% 4 F-3-# B F 3£ ) o} ok ( TMPPS) #1 meso-14 ( 3-% 4 H-4-% B 5 &) vp ot
(3-TMPPS) ty & ik K R AE S5 3Ck[ 23 ] ik IR mPLscHE . BiEH 0.4 ¢ TMPP 1§ 3-TMPP [ 50 mlL
AT A =, BEIMAGA 0.8~1. 0 mL ¥EELFR A 0. 1 mL 7 50% & HHBRER 1) — 5 W
10 mL, JW 1 h. $g, FSRPIEEA CREDEAIEDE, A B bebR AR g A i R S n sk, AP 58S
WE1.2.1 747, BB EEIR, 7R 98 95%H1 44%. TMPPS; 'H NMR(DMSO-d,, 400 MHz) , &: 8. 85
(s, 8H, B-pyrroles), 8.52(d, 4H, 2-phenyl), 8.18(d, 4H, 6-phenyl), 7.44(d, 4H, 5-phenyl), 3.98
(s, 12H, —OCH,), —-2.87(s, 2H, NH pyrrole); FTIR( KBr), #/em™': 3318, 1599, 1491, 1248,
1151, 1091, 975, 796; UV-Vis(H,0), A,./nm(10°s, L - mol™" - em™): 554(1.4), 518(1.7), 417
(62.5); MS, m/z: 1142.04. 3-TMPPS. FTIR (KBr), #/em™': 3438, 1637, 1258, 1150, 1061, 977,
808; UV-Vis(H,0), A, /nm(10°%¢, L - mol™ + em™): 580 (1.77), 550(2.19), 515(5.3), 414
(148.1); MS, m/z: 1142.04.
1.2.3  meso-H (4-2-3-# B K FL) *h ik (TCPPS) & i K RAE S5 3CHR[ 24 1 JriE i LAekt . ¥ 15
mL A 1 g TCPP B DTEWOMA S =30, i, 0 2 mL #RELERFN 2 mL 50% & MR, [
W2 h, FRERHE, Uk, HEDTERIEYE, KL RSB 1217, HELGEK, 7% 21%. '"H NMR
(DMSO-d,, 400MHz) , 6: 8.88(s, 8H, B-pyrroles), 8.23(d, 4H, 5-phenyl), 8.08(d, 4H, 2-phenyl),
7.87(d, 4H, 6-phenyl), —2.97(s, 2H, NH pyrrole) ; FTIR(KBr), #/em™': 3316, 1624, 1464, 1120,
1015, 964, 794; UV-Vis(H,0), A, /nm(10°¢, L+ mol™" » em™): 578(1.3), 5153.3), 414(86.0) ;
MS, m/z: 1159. 84.
1.2.4  meso-W (2, 6-= S -4-# B K A ) #p sk

(TDCPPS) & i J Rk AE 7% CHk[25] ik, 19 HO,

S [f 1A, 72 % 20%. '"H NMR ( DMSO-d,, 400 Fopliyris OH
MHz), 6: 8.69 (s, 8H, B-pyrroles), 8.43(d, 4H, A K
5-phenyl) , 7.98(d, 4H, 4-phenyl) , =2.70(s, 2H, — -
NH pyrrole ); UV-Vis (H,0), A, /nm ( 10%, " AerPhase— ) ' 0
L-mol" «em™): 580(7.0), 513(16.5), 413,5  CH:Chphase—r - [51)3?
H

(384); MS, m/z: 1297. 68.
1.3 KBEREERINXT 1,5- 2 BRI S Fig.1 Schematic view for photooxidation of

K 25 °CE IR XA G 2 ﬁ( A 1 ), )ram 1,5-dihydroxynaphthalene catalyzed by
PRANEE IR B EE K , VAR Y INFAIR: Y AR water-soluble sulfonated porphyrins using

SR 75 2% P A 50 mL G b AT AR R LY H,0, as oxidant
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0.2 mmol/L 1Y 1,5-Z8 W /KIEW (KR pH=3.7) , F4HIIIA 0. 1 wmol NRHEANS WL 30%14 H,0,, fi
FEIL), JEIE, FIFH UV-Vis S8 Wi 50 gk . 76 0~0. 2 mmol/L WP FIN, 1,5-Z8 "B Y UV-Vis
W SGEAE Lambert-Beer &3, LSRR HAE 329 nm Kb s R ik I o i 28 1k 153

2 RS

2.1 K PERAER AN VRO R AL 5% R

R SRR Pl A PR b 2R A SONE AR, T RAG TR A TR B IRR . R AR IR | SRR A1 — %Ak
BRAES SRR I S R AN, AR O AL AU, B is Y it = S B 6k, 5
K R Al | AL AR SEBIG, SOBAN , MERE 5 TR R sl IR BRI A F R TR R, [
BRI AN, AS 3 2 4 e A OR SR, PSSR S SR AR D iR R R A 1R B A A AL TR TR R % 1K
(Scheme 1). %I TPPS, S i R IR BIR i fE A7 1ok S g 77 %, (H R EURLLBEE J, W™
BN, FRATT 2 SOk P R BRI B s Y S 82 Na, CO, BB SRR B/, 7= B8 BT 18 1%
XtF TMPPS, 3-TMPPS 1 TCPPS, SCHR[ 26,27 | K 2 f FH i #2k ) Sl ik 1R A1 ek Joe b ot S S5 A AL 79, A3
SR ISR R R B R B MR BRI, 7™ W £ 4 B ™ AR LU SCHR [ 23 ] A BT i i, ELEEI 3R X T
TDCPPS, 17T 2,6 i BRI A5 ZUAY oL 5~ S 7 BHAEON, , SEERUE TR | A MR IR I — A LB A
AEHS TDCPP ffifl, fe R Sl oA i A R Al 45 =4

SO;Na*

Na 05— ) § )—S05Nar
X&goa .

aed
/ Q)

E SO;Na*
TPPS, yicld 90%
Concentrated H:SO,+50% oleum R, Q

] / ® SO;Na
. Chloge Cl cl
Ri=R=R,=H, TPP W Na0:S (I
R]ZOCH3, Rz:R3:H, TMPP :
R,=Cl, R=Rs=H, TCPP &, R=OCH;, R=SO; Na*, TMPPS, yicld 95%

RZZOCH3, R1:R3:H, 3-TMPP
Rs=Cl, Ri=R,=H, TDCPP

R,=SO5Na’, R==OCHs, 3-TMPPS, yield 44%
+T\IZI_O3S

TDCPPS, yield 20%

Scheme 1 Synthetic routes of series of water-soluble sulfonated porphyrins

TR, BRI AR R SN, A AR BR R Ay 1E H g SR FL R, B i T = B R
BRI PRI B AR, BT TMPPS H1 3-TMPPS FY 3535 | 3598 4 v 1Y WA 3L, 25 00 & A SR F L
AL SO, BRALTERE SR T 25 °C, Fhm iR Bl It s iy, (B afb Az s i, ASHIFREJS 1=
Yoy, 5OCHR] 28 [HRIE R 70 CAHLL, AR A AR T Mol H S ge.

XFF RS E], o AR N AT R R, BRI AR S R A R A AL SERIR N, R0 ) Al
FEFISCR , BT LA SO B TPPS BHE 6 h 46580 4 h, K45 B TMPPS 1 3-TMPPS [ [E] H1 2 h 4%
1 h, XFF TCPPS, W 2 h B ATE. T RMAHZ, ZIAE R R 2 i AGE & 1 — 5 beal S 05
A DARRE = PR S A, B PR R P AR AR R BB AR R, 3R 5 = B Y i i AR, A+
RN HEAT.

Pl 2 St AT AR LL. BRALHTRY 5 FRObekis T F 2 & B erh, 50 BiLS R ek
WV T L2 K AR Y, AN [ 2 S b 11 7 3 VR 0 0 s A 2 ).
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TPPS TMPP TMPPS TCPP TCPPS  3-TMPP 3-TMPPS TDCPP TDCPPS
Fig.2 Photos of porphyrins before and after the sulfonation
2.2 'H NMR o#f

SR AL T B0 B A AR S R4 T 7P H NMR RAE (- 3) . XF T IR PERR Mk, IEI% R A N—H i 71k
SENIRBTE S —2. T AL, B-H B AR T 6 8. 7~8.9 &b, ZE¥R | H WML AR 7E 8 7. 5~8. 6 4b; fififk
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Fig.3 'H NMR spectra of TPP/TPPS(A), TMPP/TMPPS(B)
23 IR o#F
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Table 1 IR spectra data(#/cm™) of water soluble sulfonated porphyrins

TPP TPPS TMPP TMPPS TCPP TCPPS 3-TMPP 3-TMPPS Assignment
3315.6 3298.5 3317.9 3318.2 3315.9 3316.8 v(N—H) (pyrrole)
3424.5 3414.2 3427.0 3426.2 3438.7 v(0—H)
3058. 4 2934.2 2921. 6 2931.0 3068. 0 2970. 8 2926. 0 2908. 1 v(C—H)
3024.7 2859. 8 2833. 4 2836. 1 2919.3 2920. 2 2831.6
1593.7 1653. 1 1607. 4 1699. 6 1596.7 1624.3 1630.0 1637.0 v(C=C) (phenyl)
1556.0 1534.5 1508.7 1591.0 1485.9 1464. 8 1592.5
798. 8 740. 1 800. 2 883.5 799. 4 880. 5 799. 8 808.9 v(C—H)+
698. 2 796.9 794.8 8(C—H) (phenyl)
967.2 910. 8 964. 5 975. 1 964. 8 964. 2 973.2 977.5 8(N—H) ( pyrrole)
878. 1 850. 8 841.2 841.6 856.0 810.6 878.4 865.5 a(C—H) (pyrrole)
1252. 4 1173. 4 1188.5 1251.9 v(S0,)
1132.9 1151. 8 1120.7 1150.7
1024. 4 1091.3 1015. 1 1061. 8
1247.2 1248. 8 1251.9 1258.0 v(C—0) (ph—0—C)
1092. 0 1090. 0 v(C—Cl)
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S = O FEMe N, RBRAE TR, TR L BAREEATR, IR SMRRAE 0 7 5t A DX 31
(R 1), [FIRS PR Tt R 5 AT P S O PR TR0, PINBHOR IR | YRR AR IR e K 22 R AR 21, {9114 TMPPS 1Y
v(N—H) (pyrrole) , v(C—H), v(C=C) (phenyl) , (N—H) (pyrrole ) FFik- W Wi 7351 i) v RS 2 1
270.3,9.4,92.2 %10.6 cm™.
2.4 UV-Vis R XD

B 4(A) (B AR N BRAE AT B b 58 A0 1T UL IS, AR i R AT e 2 phy Bk 2 A do g o
HHIE S 2 AR AR 23 B30 22 18] 59 BRI 10 77 28 B8, Soret 47 W s B - " BRIT S0, 2 T 410 ~
420 nm Z[H], Q T 648, 590, 552 J 515 nm &b 5 FHUPBREEL)S | Soret FFAFIERI & 2 ~4 nm (YK
B, BRI ILIA AW T RE IR0, SRR L 2% KRR, sEm ik 1) - BRAE,
HEMIEZE Soret WA ML, it 2 KL A1 67 T~ WA BR [B] 2N [ 181 4 (A) T, & 43 Fi 52800 19—OCH, Bt
FRIL[ TMPPS [ Soret 1655 BE AR T 75 A W FL TR0 (1) —C1 U LAY TCPPS, I HBER I - —C1 A5
BN, Soret WESHFELRLEIGNN, 4N TDCPPS; YRR FE AL FAR AR [ B 4(B) ], AR L1 45+
RO I —OCH, BURIERY 3-TMPPS [ Soret W5 BE I T TR U LR TPPS. UV-Vis 25 R0, %5 B4
W PR~ I AT 25 (TR PR N IAR A Soret A5 BERE AR, 11745 FL - SE 1A DU 25 i R AR PSR 1Y) Soret WS FEREAIR, 5
SCHR[ 29 ] 4GB AR

(A) a ®) 4

b

1

c

1 1 1 1 1 1 1 1 1 1 1 1
350 400 450 500 550 600 350 400 450 500 550 600
A/nm A/nm
(©) a (D) J
1 1 1 1
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A/nm Amm

Fig.4 UV-Vis spectra( A, B) and fluorescence emission spectra(C, D) of sulfonated porphyrins
(A, C) a. TDCPPS; b. TCPPS; ¢. TMPPS. (B, D) a. TPPS; b. 3-TMPPS.

P 4(C)FI(D) MR NMAE R L I 412 nm AR FI5EE K B 6%, 2688 B AR 3 A1 T4 2R 1] 47
i, TDCPPS, TCPPS J TMPPS TE/K R H1 2 F 773851 5112 0. 0143, 0. 0095 J 0. 0051, 267
AR 1,41, 1.30 J 1. 09 ns. % T 77 3 K HOEHFaT 7 TDCPPS>TCPPS>TMPPS, 1iH 45 fi
F A —OCH, REFFEARZK A PR R Pk i 5 it 3 S 6 i, TR A, - 6 A —CL il 2 i+
FER R F AR, RIRE, YRR L AL TR AL, A 4 TR 1 3-TMPPS By 76t 7
FEFON 0.0107, KT TPPS [UZEET/2% 0. 0167. 9GS RIMIS5E5 UV-Vis 45 AT
2.5 IR 1,5-F LR

M UV-Vis 1EE (E5) nT LA H, FEKEER RN EmER T, IR 1,5-28 B 3 MR
U (298, 314, 329 nm) BB I B AR, At ST R AT [ C 69.91(68.96), H 3.55(3.45) ], Jiik
(173[ M=1]") DA S w34k [ 6. 95(2H, d, H-2, 3), 7.30(1H, d, H-6), 7.63(2H, d, H-7,8),
11.90(1H, s, —OH) JRAFESL =k 5-F2HE-1,4-Z8 k. 1, 5-Z8 s Tk A E T & W ke,
Yy 5-F63-1,4-25 " IRME AR S, PRIEAR SR FH K- — S H e SURIEAR IR 2, AR I B 7E 1 27K A
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Fig.5 UV-Vis spectra of 1,5-dihydroxynaphthalene
photocatalyzed by TMPPS
Time from top to bottom is 0, 5, 10, 15, 20, 25, 30, 45, 60, 90 min.

2.5.1 FREBRKEXBARMEXELA R BE T AR 1,5-28 " BrOCHICIERE, M)
DL 6 A 2. ARBDCHELRIFAAET 1,5-28 Z B iR R/NMIUF . TMPPS >3-TMPPS >TPPS >
TCPPS >TDCPPS. 53R B, 1% fR Al 35 A1 T 2R 34 (] 47 B, 5% {k %2 TMPPS (95% ) >TCPPS
(81%) >TDCPPS(78%) , Uil A 4y AL T ARG IMHCA A T4 i1 1,5-28 I iR A%, iy 47 e v
LD IR SRR AR AEA TG 1, ELBE AR b0 v~ IO B 3 i, X 1, 5-2% I AL 308
REAIR. YRARRARBE AL TAERXIOL , A 25 B 5 HE Y 3-TMPPS X IR YL LR (92%) S A
HEWACEER TPPS(91%) H LB 2EHIAK, (HALRERTH AR 4518,
Table 2 Dynamic data of 1,5-dihydroxynaphthalene photocatalyzed by water-soluble porphyrins®

Fig.6 Conversion rates of 1,5-dihydroxynaphthalene

photocatalyzed by water-soluble porphyrins

Porphyrin Blank” TPPS TMPPS TCPPS 3-TMPPS TDCPPS
103k/min"! 3 80 64 18 31 17
Conversion rate( % ) 19 91 95 81 92 78

a. Reaction time; 90 min, reaction monitored by UV-Vis; b. no catalysts were added into catalytic system.

2.5.2 s EHE RHIRFINNHIEST 1,5-28 “ DL AL, 228 T In(cy/c) -t KRR, IFiTHHE

TRMHEARFERE, BARSER ISR 2 A 7(Hrb ¢,

- TPPS
REIRWRIRIREE , o 3N — BBt a5 1 Al s INIBRS
Y RE | ¢ AR I IA] ) . 4 SR I A AL + 3-TMPPS

IO RSN 0 il FRAR R AL T R FR ] L

In(co/c)

8

+ TDCPPS

E AL AT Y & (L L S I H S AT R
R, SHEALSEMT.

255 GAAEES  BKE DA LLE R e e B T
(10,) BT NaN, I, 2 SEURMDEAALEE LA Timofmin

FHIEAR, P HFRERE S NaN, (I ZIEHLCR,
HRAESCHR [ 19 ] /TR0, i SRz iy 11 28 B B ( Scheme
2), BVH,0, fEMETAT$24L O, , AbFIEZS Ay nhmk
(P)YTEICHE T 2ok AR s WU RS, R A IR =BT R RN CP ™), 0, S2 B Al A sk 2
(10,7 )P0, T AT RUAEARIR Y 1,5-25 Ty, i P S T R R B S et R e e A A SRR -
1,4-Z8 7. PRIHOCIB A R 0 R ) BRI TE AR CIOR T A ok = A i R A A
YESCHRL 32 ] 4l , MMAEYEAE T EEAS S AL A2 — Ok AS S, Jm, BRIE I DL AR i 11 5
BAS,, R RAERBIE AN =B —MRS T, WEFTERE S, 7O TRERR, WAF T
=HEH WO T BB AL, AR AT REFS A BRAES 10, T BB IR, B ST ATTE S B 18R R A Y
PRCEERT, AT RSB SR ANIR ™ AR 10, " IYRES), HETIHE S0 ML AL . DOOLiE POt 1

Fig.7 In(c,/c)-t curves of 1,5-dihydroxynaphthalene
photocatalyzed by water-soluble porphyrins
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hv

H.0;, ———— H.0 + O
p v pr
P+ 0, P + 'O
H H
OH p (I) (|) 0
OO +10, ——— O"‘ + —> + H0
OH HO H HO 1o OHd O

Scheme 2 Mechanism of 1,5-dihydroxynaphthalene photocatalyzed by water-soluble porphyrins

FEABR R, MR AR AL T ORER[BIALIN , AH RPN 0 5 i 7 3RO N HARE A T I M
B, 5 LR LBE— 2 SRR AR AL TR AL, WNRA AEAL TG PEA 228K, T RE T 2830 L i
PRAE AR AR o 2 S sy, SE A7 BE O 2 XA TG 1R A ), (AT R] A A [R5 3.

3 & it

SR B IERAE T 5 Fh AR FLIO (o B R [ Bk v M A btk B4 1,0,
PR R, K% RSN AL, TR 1,5-28 =M, 75 T 78% ~ 95% HUR: AL, ke
TRTA IR AT A | S B4 S 3 B B (0, 0P b, T B
ORI B AL PR 5 4B S AL e TN OHCAE BRR RN, R B 3 AR A3 P B
M0, VAR5 G H T 0B BP9 37 AL B U A ™ A B . 30 125
IV S I — SR R A% SCEERE A IR LT T Hi)

2 £ X
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Synthesis, Characterization and Catalytic Properties of Series of
Water-soluble Sulfonated Porphyrins’

SUN Kaifang, CAI Cheng, HOU Zongsheng, WANG Ying, REN Qizhi "
(School of Chemistry and Chemical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract A series of water-soluble sulfonated porphyrins with different substituents and substituted positions
has been efficiently synthesized by modifying the traditional sulfonation route, and has been characterized by
"H NMR, Fourier transform infrared spectroscopy ( FTIR) , ultraviolet-visible spectroscopy (UV-Vis) and mass
spectrscopy ( MS) . These porphyrins were used as photocatalysts for the oxidation of 1,5-dihydroxynaphthalene
using H,0, as oxidant. The product was 5-hydroxy-1, 4-naphthoquinone with conversion rates ranging from
78% to 95%. The effects of the position of the sulfonic group on the phenyl ring, the number of substituents,
the electron and steric hindrance of the substituent groups on the catalytic activities of the porphyrins have
been investigated and the results indicate that all these factors can affect the catalytic activities. The catalytic
mechanism has been discussed and the kinetic data show that the catalytic process is a first-order reaction.
Keywords  Water-soluble sulfonated porphyrin; 1,5-Dihydroxynaphthalene; Photocatalytic oxidation;
First-order reaction
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