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Efficient Synthesis of Anionic and Cationic Water-Soluble Porphyrins

Chang, Yi*

Liu, Mengyang

Niu, Mengyuan

(School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007)

Abstract A kind of cationic water-soluble porphyrin containing pyridinium group and a kind of anionic water-soluble por-
phyrin containing sulfonic group were synthesized efficiently according to the chosen conditions. During the synthesis process,
5,10,15,20-tetra(pyridin-4-yl)porphyrin and 5,10,15,20-tetra-phenol porphyrin were chosen as the precursors, while triethylene
glycol monomethyl ether and manganese were introduced on porphyrin as the functional group. These procedures have the
advantages of operation simplicity, high yields, mild conditions, and provide a good method for the synthesis of similar types

of water soluble porphyrins at the same time.

Keywords water-soluble; porphyrins; manganese porphyrin; substituents; synthesis; modification
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2 FH RT3
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Jr TR ASCEIEHT RN ZEEE, LA meso-DU(4-Mk i 3E)nb
WA meso-PU(4-F2 3L R FE) M IRAE At dG JE R, AT RLE Rk
HAS BIFH . BH PN [F) 3 1 2R B K v M bk Ak 5 4
(Scheme 1), FHETHAREEBMEMH. &85 FRAL T
LR B ThReA BRI H 1, NG R R R, 32
ali 4y B R AR TR 5
1 SZR51He
1.1 IheeMi&im

JHCRE PR BB R N bk A S 47 AR N 1 A 9 BT A4 20

F R, NRIRAL A PR A T RE S 3 I < S 1 AT
REER T BEPER M SEBLR(E 1), ASCHE s 4 3

T A AT = £ T E R KR P A CAA B b ik T e A 12
WE Y, A Sl X R AE T IR RE S A5 B — M R B
KBRS 2 Wi ).

B 1 Rk DD RE AR T 1
Figure 1 Methods of porphyrin functionalization.
FEEIER BAR (MRY) H 1 A2 BE 223 2 Wb s T
BRZ—, HTl R 2 1 K N7 7 5L 2 B &

B 1 PRASIRIZE R VA PRk ) 5 5 7
Scheme 1 Synthesis of two different types of water-soluble porphyrins
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Pyt (EGE AR RE e s SRR B, AR R A S 5l A
WA B 2 B I 2T 4E AL (NSE)!, R, ] 8 3 4 1)
Tt ek N A i A o B /N (R 577 A 2 E B (R B s
RO, R 4 8 NG A T A R MR i
B S WU 2R PR R MRLIERT, 7R
S AL WP 1A AR AT (0 L T 5. AR S0 B A S
T BB BRI, R R AN AR R SR
TLEZ—, K RBURAMNEPEEL B 1 A B 2 5
A S BT R, = 2 8 A R B AR
DNA 2 F iR g M, X a] DL 2 Hh 2503 20 7 (R 1f)
.
1.2 A, PHEFRAKBMEANKE R GE

¥ meso-U (4-mLmg ) nb IR B R = 2
TR A E A B HOVA TR TINS5
J& NN-—HEHEZDMP), RBSERE, 7 Eika
ENeI 53] Hbrfb &9, 8 2R K e i b e, TR
b f DU AN I FEAR SR AT KB 7 AR RE 78 40 VL, 45 e Ak
HAF= Y BREA R IR R IR, FATRIL, AT
DMF  H 5 i B A A 3 AR S AN 58 4 1 = 2 Jit [A].
MBS R A R, 2R T ZRERIR R, KII
7 DMF I B8R B ) R S Rk R b, O
BEATHIBN TSy, AECEERE b, BT AN LR A
I SHZIR N A 1), 7T LLE H, PIFEFITE
TRA VTR 1 L6 s B %5 35K R 520, DMF 1
MELBITE 4 2 1 BERS, SOSHET I EONMR, R B
P, (EEREE PR LB e R, R N M 7E
R A R IR, iR, BT TE
P A R T AR, TION /D ) B I T T VA AR
S, A EAR SN [ IE [ HEA T ER B B
BTN, meso-VU (4-MHWE 3 N IR R 75 AR FE KK BRI, 25
JSNE (R BRI /D, 3 S )RR R I T P 77 2R 5 3 A,
AR PALT 3 AT 2, BRIk R IR
PR PR R s 7 R, Rk, A3 Le iR A
TR A% ZRAY N R B R 45 1

R MEREFERH BT BNk s B 2 A A

Table 1 Optimization of reaction conditions for the synthesis of
pyridinium cationic porphyrin.

Entry V(DMF)/mL V(CH;OH)/mL  Yield/%
1 5 — 51
2 4 1 80
3 3 2 65
4° 2 3 32
5° 1 4 10
6° — 5 —

@I N F A meso-PU (4-MEREF)IMR(100 mg, 1 equiv)FRA =2 —FEHH
(20 equiv.), NHRE 100 C, MM 12 hy * SR 65 C, Sk
[] 24 h.

2444 http:/sioc-journal.cn/

EH Pk 26 91 29 7 AU /KIS It b bk, R AR B R AL 5N
Tl R AR 2 & A 7 3 0L R i R R S i b ik,
meso- Y (4- 43 )Nk (H,TPP), 7E W B B2 V4 VR P A5 58 v
MRS M, meso-Dr 2R IR b H AT 5 — i 4k ) B 1
NG RERRHIER M. AHZESST meso-fr A A IhEE
PEEUEE BB IR R n bk, EACKE AR AEAE AR BR R R 5
FaE, IR S S SRATTR, BN Z, 7 Bl
T R A, SRR 2 — 28 I A TR, R Ak =
() SEAFBONIR AN, XT3 A Rk Dy RePE 2R BB I )k
R U, A SRR AT LB E B IRATUAVEER
MiRefl, I CISOsH MR [ORIREE . SR [ =4
75 T e B2 A AT IEAS RIS AL IE R (GR 2). IRE
EMERTHEWANEER, 26 =N HHHEE, 527
LR B NNIRAL G ) B B S B A IR 2R T, Ik
[A] 20 equiv. &R [ . 60 min RI75 21k F=4), &
AR B ] 19 B B — B A = 8, R

E AN b e JED ORI N At AT

Table 2 Influences on the sulfonation of porphyrin with differ-
ent reaction conditions

Entry CISOsH/equiv. 7/C Time/min  Yield/%
1 10 0 15 38
2 10 20 30 45
3 10 40 60 42
4 20 0 60 85
5 20 20 15 62
6 20 40 30 52
7 30 0 30 70
8 30 20 60 56
9 30 40 15 27

© 2017 Chinese Chemical Society & SIOC, CAS

¢ R AF: meso-TU(4-= T 5 FR Tk S ) IR (0. 16 mmol), V77 CHCl,
(2mL).

1.3 AMNAEE S48 & B

I IR TG 5 420 2 1S KR <65 8 i 35 76 4 7D 2% A
TRBAERMT, SRR bR U, 5 5E R R
R A T AT B O RE A R AL, B 2 TEHLER 0 A/ B 4 IR
RIR] 15 245 A G4, AR5 TR T AR B 7T
PR IV P SRR SRE T3, 0 2L 2 7 A 7K s M AR Jo 1
e, AT ARKVE YRRk, LS AL B RO BB K
IEAE B BOKIE VRN AL SIS, 75 R b e Bt 78
TR BT TR GIN, AR CRAE 4 i 40 [ I PRI =
AL HEHE EE (Scheme 2).

B A B T ARUKIE TR AR AL S, T R A
fE%# CI Al Br PiRPRIES 7, Jlid & 722073k, FIH
NH,PFs "B B 1 PFy K4 J8 nh ik BH 25 - LLUTIE 1 %
FMNAARH 3 B K, 2Bk CU A Br BT, 25t
DUVE TR AE IRV D, S8 i AN DU T E AL B sl Dy T
FRA N, (2L A —H o R DTErT . FIH
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Mn(OAc),* 4H,0
D —
NH4OAc-HAc

BR 2 PIFPAS R SR KV PRI I 5 B

Scheme 2 Synthesis of two different types of water-soluble poprhyrins coordinated with Mn

AT I S MR T
JIHAEZ AR UUGE 8. Vel bR % 1
VIR AEAE R DB, S T s AL

FE I B 7 ROKIE PR ER bk, 7 rR AR AE DY AR
WREER], WG R RIBREZBOR, AT R ) i
P A7 S I T PR P 28 r S S, R L ) 3o 3 < e S
Sy AEFFUUSE, BHASHCAL SR NLEEAT, A MO T2 38 R s
SNIERER pH 45 28 ORI v 1 A2 fi AR 1 S B 2% A
DRI, BRATE % I R A — R TR 1 v v VLA D S DL AR &R,
TRAE R B FE iR R 1 pH — BLARFFIE AR V0 P
[ I 26 P B PO IR 5, 45 2B v 91 1 A 2K ) o
1k, A SRAL R AR, S Al
1.4 AMNBAL SR RSN F] DL IR

MM AL B 40 EL A R R I EL T S5 4, X I 11 58 IR i
etk B H SRR ISR, MRIE Gouterman £k HiE
1% (Gouterman Four Orbital Model)!"™), RRIBRLE 52 %
KGR PEAE AT RGBT, BT R RIE BT 75 B AT
T, BRI EAE ), PR A R AR BRSO
£ 380~450 nm 77 47 {3 I (Soret 17, XX B ) KIE
TR ZWORS TR ERIE, MAE 500~700 nm
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Je A BT 59MRISCRE A (Q V) WK IR T RS 2 58—k
BRGE. LR PAMEA YR, B 2a AR A7k
3 HER AT LRI B, B A IRURAL T 412 nm, 5RIK
Wi, Q 1 U 23 BUEE 515, 553, 581, 634 nm AL PN 55
WSO AR, T 2b R AN 5 )28 AR IS i 1, bk
MEETFEEE, WO KA TEKARN, B o
W H 412 nm ZLF5 %) T 462 nm, X2 T4 n bk
TR T 52 0 &R B T I I B R, SRl
SRETHNE d PUBIIREL > ZERT PR T %
& @ B - (T A4S bk A 2 AR MESE K, 4> T EUIE
RESR MR JF IR, AT EOERID, Q FIR Ui i £
H ARAH gD [ R 2 ) Fe A2 VR A 2 B AR ke
HOMO F1 LUMO 2 [AIffREM 22, TR M Ac g 25+ B
RILT RS RO 382, 402, 422 nm Ab %5 5 Pt W AT I8 2 i 5 1
NISRECASE S 2 BSOBI (1) 27 B0 72 A 1 P R Wi, i
Ik A P A7 R RN B b I P SO 15 2 T ) R 2
AT AR 7 58 St 3000 SRR A7 s 7 R, 4 1) e o i ]

2 g
AL LA meso-PU (4-MEE J2) MR meso-PU (4-F2 52K
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Figure 2 UV-vis spectrum of porphyrins 3 and 5
Fynubk Ay J5RL, JE I DMF/ R R R & A 3R A0 U
T Al v %ML 55 s 17 A W i B 125 7 2R K e s R 25 T
TR AR B B 7 BU/K VA PRI, S8 5] N = & — 57 5 T A
JCLL R R R T RCAL, A R IA B ST RETE i
THRG E . 2B T BUKIE PRI ) 2% 77 72 5 AT 5 A
PRI ROMNAHRAT . R s AL A

3 XS
3.1 ESIH

UV-Vis it SHIMADZU UV-1800 %148 4h—1] Wk
A6 REHHINGE; '"H NMR. *C NMR f Bruker Avance-
300 MHz #1 Bruker Advance III HD 600 MHz A% il 3= PR 1%
WE; LR PE-2400 BUICE T ACE; =iar#%
J5i 1% B Bruker micro Tof 11 BB %2 wn 5GHUAH €2
WX A Dionex Ultimate 3000 system % (A543, #4 &b
SGW®RX-4 AU sUACINE . ML (53 B 248 FH A E 0T 28
T WERE-4-FEE . X EOR R, = 4 TR
RS BT TR A R E, =Sk,
PR 56 PV 700380 D G R e A Ak = .
3.2 AMNHECARECEIHIE R

meso-PU (4-MEE S INBRAT meso- U (4-F2 3 2K L)k
WhiE L g K Adler-Longo HNMNWRA 77 7A[19115 2. Kl
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WEE 2 NIRRT, SR 2), n#zE 80 C,
T T RARAE /D B U R 1 55 BE R L s, A B, OB
2 h EAHIRER, MAFBEEL CRE A S A,
TS BV =, R A SR Al A B Al B R .
32.1 BEREZTZEFE¥ FEEA AR

AR B =4 ZFEHHE20.5 g, 0.17 mol)i
FETE 100 mL LB, VOKIBAREIZE 0 C, # = IR1LHk
(6 mL, 0.063 mol)ZZi&inE Lk, 1R
A, M 20 min, AN 7.5 mL FEE, E@R&FT
YREE [N 30 min, I 25 mL /KPEK B, ZEFREER,
A WU A NaHCO; FITE AT NaCl ¥ 2 Bl s 2 Ik,
ToKBRBR BT, R LIER, AT TRERR =2
TR PR B T, 5.5 g PR 20%.
'H NMR (300 MHz, CDCly) §: 3.74 (t, J=6.3 Hz, 2H),
3.65~3.56 (m, 6H), 3.52~3.46 (m, 2H), 3.40 (t, J=6.3
Hz, 2H), 3.31 (s, 3H); >C NMR (126 MHz, CDCl) ¢:
71.95,71.22, 70.63, 70.61, 70.55, 59.04, 30.28.
322 meso-W9(4-=C —BF ¥ P B K)ehak(1)89
AR

4 meso-U(4-MLiE 3) IMIFR(100 mg, 0.16 mmol)F1iR
R=2 —FE A HER0.73 g, 3.2 mmol)iEfFAE NN-—Fi 3
F Bt % (DMF) (4 mL)A (1 mL)FIRA BT, Ar <
Y7, NFRE 100 °C, B 12 h, fFRB5E4 AR 7%
FUEH, MY RKFIRER (Y - v=1 : 2)E 4 &, s
] R = SR e AT R e, TR RN R A
FE WA, 200 mg, =3 80%. UV-vis (water) Amax
(¢/[Lemol 'ecm™']): 424 (2.01 X 10%), 520 (1.33 X 10%), 555
(5.77 X 10%), 585 (6.02X10%), 644 (1.28X10°) nm. 'H
NMR (300 MHz, Methanol-ds) &: 9.60~9.55 (m, 8H),
9.49~9.47 (m, 4H), 9.08~9.04 (m, 12H), 5.31~5.29 (m,
8H), 4.43~4.40 (m, 8H), 3.98~3.95 (m, 8H), 3.85~3.83
(m, 8H), 3.78~3.75 (m, 8H), 3.63~3.60 (m, 8H), 3.27 (s,
12H); *C NMR (126 MHz, Methanol-dy) §: 158.20,
144.24, 144.04, 132.65, 115.80, 71.59, 70.16, 69.91, 68.92,
61.37, 57.65, 34.00. HR-ESI-MS calcd for [C7,HgN4Oog-
S.]*" 394.5994; found 394.6015. Anal calcd for CesHige-
BryNgO,, C 53.48, H 5.68, N 7.34; found C 53.44, H 5.70,
N 7.51.
323 meso-W(4-=C —FF ¥ P Bt A A -3-5 08 AR
H )bk (3) 8 Ak

AT, B meso-VU(4-F23E 2K 58 IMHR(500 mg,
0.74 mmol)¥A fi#AE (30 mL)AI NaOCH; (7 mL, 1 mol)
WRA TR, IR 30 min, JERRMREER, BES
T, AARPT, MARKR = R FES g,
6.4 mmol)f1 DMF (30 mL), II#E 100 CMNid#’, fF

Chin. J. Org. Chem. 2017, 37, 2442~2448
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SN T8 4 J s B RV ), R ) R R R A e R Al
PL CH;OH/CH,Cl, (V@ V=1 : 99 itk 7, WesEni
BRABREN, ZTHRE meso-4-= 2 _FEHH
Tk S FE ORI IR bR (2).

BT, BALAY) 2 (200 mg, 0.16 mmol)iA iR
fE CHCly 2 mL)FRAHFEII2), 2184 CISOsH (0.23
mL, 3.4 mmol)i N F|_Fik ik R, VKK KA e R
. 60 min, ZEM8HIAVKAK(GS mL), FIESEALKETRA
mol/L) H A MR IR B 22 VA T (0 38 N £, el e 25
bR 2s KEB Va7, I ERR 22 TEHLER AR, VR T HRRR
K, =Y A Cig #4355, CH;CN/HO (V1 V=1 :
NERWRBET, WELD A s, BT IEFE meso-TY
(4-= T T A - 3- R R 2 K R ) P bR (3), 4K L[]
&, 212 mg, F*ZF N 85%. m.p. 185 C; UV-vis (H,0,
base) Ama (¢/[Lemol ~'ecm ~']): 412 (6.90 X 10%, 515
(7.70X 10%), 553 (4.47 X 10%), 581(5.23 X 10%), 634 (2.88 X
10°) nm. 'H NMR (300 MHz, DMSO-d;) 6: 8.86 (br s,
8H), 8.56~8.50 (m, 4H), 8.27~8.15 (m, 4H), 7.55~7.53
(m, 4H), 3.85~3.72 (m, 16H), 3.71~3.60 (m, 16H),
3.53~3.50 (m, 16H), 3.32 (s, 12H), —2.86 (s, 2H); "°C
NMR (126 MHz, DMSO-dy) &: 162.80, 71.70, 71.44,
70.21, 70.14, 70.04, 70.01, 69.76, 65.45, 61.69, 58.74,
58.52, 36.27, 31.24, 15.58; HR-ESI-MS caled for
[C72H82N4028$4]4_: 394.5994, found 394.6015. Anal calcd
for C7,HgeN40,5S4 C 54.61, H 5.47, N 3.54; found C 54.66,
H 5.50, N 3.46.
3.2.5 meso-(4-=C —BF ¥ EEoeog L) Mok AR AL &
4 (4) 59 B A%,

¥ meso-PU(4-= . FE 5 FHEIL RE JE) IR Ibk (200 mg,
0.13 mmol)f! MnCl,*4H,0(490 mg, 2.6 mmol)i& f# 7L H
P FIK ARV A VR (70 mL), II#VE RIS, A
NaOH (400 pL, 1 mol/L), %&~ka] WIS 15 e i 2 7
R, RMNTEAEAHE SR, I NHPFe, 38k
TR, P KSRV E A, K [ A VA i 2 TR, wm Py T
R (TBAC), 85 /D & B e [ 4k, =2 F
BRAF R meso-VY(4- = & — Ji B FA Tk kg 6 ) n b b i &
Yy (4), ®ERFAK, 160 mg, P=F N 85%. UV-vis
(water) Amax (¢/[Lemol 'ecm ™ ']): 332 (2.63 X 10%), 379
(3.63X10%), 400 (3.71 X 10%), 420 (2.77x10%, 462 (1.16 X
10%), 564 (1.05X10%, 675 (0.90X10%), 770 (1.20X 10%)
nm. HR-ESI-MS calcd for [C68H84N8012C1Mn]3+ (M—
4CIT*") 431.5087, found 431.5069. Anal calcd for CegHgy-
ClsMnNgOy,: C 56.81, H 5.89, N 7.79; found C 56.85, H
5.63,N7.71.

Chin. J. Org. Chem. 2017, 37, 2442~2448
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3.2.6 meso-W(4-=C —BF ¥ PRt A -3-AAER AR
bk 5 B A4 (5) B9 B Ak

¥ meso-PY(4-= £ T B I TR AU 2k - 3- TR IR e R )
NRIKR(200 mg, 0.12 mmol)Fl Mn(OAc),*4H,0 (110 mg,
0.45 mmol)Z% FN¥A fRAE pH=6.8 FT Bt IR 54 25 P A
(15 mL), I 90 C B, 8 4NAT DRSO TE sl
RNHEFE, IR BLTEA NG, 828 205, H= R
A CishE 78S, FIZKAVENMRGER, WG EBH 7y, AT
FF R meso-DU(4-= i 50 gk 55 - 3- T PR Sk 7 3%
NAIRER L S 4(5), ZREaliElfk, 180 mg, F=2H 86%. m.p.
206 °C; UV-vis (water) Amex (¢/[Lemol 'scm™']): 382
(4.91 X 10%), 402 (5.00 X 10%), 422 (4.11 X 10%), 468
(8.70 X 10%), 517 (5.65 X 10%), 568 (9.70 X 10%), 612
(8.67%10%) nm. HR-ESI-MS calcd for [C7,HgoN4OsS4-
Mn]*~ 543.7735, found 543.7767. Anal calcd for Co4Hogo-
NgO30SsMn: C 50.39, H 5.66, N 6.35; found C 50.88, H
5.72,N 6.68.

# B # %} (Supporting Information) 1L &%/ 'H
NMR. *C NMR B3, LARACAYD 4 TS @y i, X
L L AT PA A 3% AT X 35 (http://sioc-journal.cn/) b R
.
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