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Synthesis and antimicrobial activity of a novel cationic porphyrins
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[Abstract ] Objective To synthesize novel cationic porphyrin derivatives and investigate the photody-
namic antimicrobial activities of these new compounds. Methods Tetrapyridyl-porphyrin obtained from con-
densation reaction was reacted with a series of benzyl halides to get 10 novel cationic porphyrin compounds. The
photodynamic antimicrobial activities of these new compounds in vitro against S. aureus, E. coli, P. aerugino-
sa, and C. albicans were evaluated respectively using twofold serial dilution technique. Results Ten new ca-
tionic porphyrin derivatives and their metal compounds were obtained. All these 10 compounds displayed satis-
factory photodynamic antibacterial activity against Gram-positive bacteria, S. aureus, especial compounds 3a
and 4a with MICg) at 2 and 0.5 pg/ml respectively, and showed moderate photodynamic antifungal activity
against C. albicans. Unfortunately, their photodynamic antibacterial activities against Gram-negative bacteria
E. coli were very weak, and P. aeruginosa was resistant to all compounds. The antimicrobial activity was de-
creased with the increase of electron-withdrawing capability of the functional groups attached on the aromatic
ring. Conclusion These preliminary results suggest that the remarkable antibacterial efficiency against S. au-

reus make these substances promising microbial agents.
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1 HRE 7%

1.1 ZZRXMNEME

N, N- 2 F 5 T gt e ( DMIF) o &0 465 [ 95 5 9 R 7% 1, ik
WA R IUR 25 18, — F 6 M ( DMSO, Sigma ) , i 4 L
(100 ~200 H ) FAEEHT A (300 ~400 H ) 28R R LR
PR B R HAGR 3 S A i, R At — 25 b3

w0 2 BR 1A ( ATCC25922) K JIm#Fi ( ATCC25923) |
SRIEFT 1 (ATCC27853) | 1 {8 Bk I ( ATCC90028 ) 34 Hy 55 — 42
PR R ARV ER Be BT 6% 1 BLF 58 BT Ao 3 B4 4L 1l 3508 7 Al
(BA) (HA 70 mm, & R E B2 A R AR .

AV 400 MHz #% 2L 4% 4% ( Bruker) , FTS-185 £T #p %1%
(Bio-Rad) ,TRACE DSQ = J#i ¥k F1{ ( Thermo Finigan) ,DU-7500
EHMETEIY (Beckman) , X-6 TG 2 0k sS U2 A (b 3 48 2
IR BRA ] IR R 2242 1E) , GNP-9270 i 7k X i 55 77 48
( PG 25 LB A A BRA R 77 i) , Sartouius HEL -7 (2
1/100 000) ,100 W 5 F R AT (FERIE, ff22) 5
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1:5,10,15,20-vw9wbwg vhok;2: 5,10,15,20-v9 ik o2 45 vhobk ; 3a: R
115,10,15,20-v9 [ N-(4-FF 4 ) wkez | vhok | [ & F ;3b: f4L 15,
10,15,20-v9 [ N-(2,4- =& F A ) bz ] vhok | Fa & F ;3¢ &AL (5,
10,15,20-29 [ N-(3 ,4- = FF &) wbwg | bk | Fa 8 F53d: 340 {5,
10,15,20-v9 [ N-(2,4-Z @K ) wbog ] ohak | FA & F;3e: 3840 {5,
10,15,20-v9 [ N-(4-#5 3 F & ) wkez ] ook | fA 8 F 544, 246 1{ 5,10,
15,20-m9 [ N-(4-5F 3L ) wbog | 4o ehobk | [a 5 F;4b: 4L 15,10, 15,
20-w9 [ N-(2,4-=FF &) wkvg | 4 ebok} Fa B F54c: AAL (5,10,
15,20-v9 [ N-(3,4-= @ F 5 ) wbvg [ 4 vhok | 1B & F54d: 840 {5,
10,15,20-w9 [ N-(2,4-= FF &) wbwg J 4 vhoik | A B F ;4e: iR 4L
{5,10,15,20-v9 [ N-(4-28 2 3 25 ) wbwg | 4& vboik | [ 35 1

E1 PFHEFAMMREY S R B

1.2.1 5,10,15,20-POnitmgnpesk(1) podlss's 2
VBRI S 69 250 ml = EOR A U 28 90 ml kK
2 2.0 g, IR, BT ZENE (2.4 ml, 0.035 mol) FinitmEH
(3.2 ml, 0.034 mol) 435+ 7 ml —F 2R, [ B I,
30 min PHINSE, AR MB I 1.5 h 45 1k o ek Z%
2 INAZEARFRA TP B, b 5 min, B HIFE, BOOKAR 0L, B
B A i, TP BRI BOR, TS ST A IR, R AL
RTS8, A5/ R AW (1300 1, (RFRA 850 BERG, Fi-Aik
JEERE % A 8, AT/ R BETR G W (40 1 AR TR 43850 Vet sk
FEEW 1
1.2.25,10,15,20-PUn B4R AN (2) B9 HR240.0 mg
KEBERR R T 20 ml JKESFR, In ALH 9 (1) 50.0 mg,
100 CFHEFEIFI 6 h, 80 ZE BR VKBS R J5 I A BE R A W,
O, e A i, AL AR i 4, S0/ IR A
(130: 1 ARFAH0 Vel e BB A, Bas 0% 48 BArd 2.
1.2.3  [HEFIMK(3a ~3e) 1l 5 TF 50 ml +4 = 1R
R AALA I (1) 0.048 mmol F1 DMF 10 ml, i 4{/X, 20 min
Jo AR, G 4.6 mmol AHN 7R &%, 78 100 C
SARYE RO, TLC (G845 H BE = 10: 1, AR B0 80 W
R, T JERE A O JE 15 1R N, A, A 30 ml Z kAT 45
g | ZEEDRUAT B B AR BH B IRk (3a ~ 3e) LT E {4,
1.2.4  &JE BBk (4a ~de) BYHI# F50 ml =1
HhmALLE Y (2) 0.04 mmol F1 DMF 10 ml, 3 475, 20 min J5 ,
TR A HF A 1.9 mmol AR A HE , £E 100 CE AR
PR RN, TLC (G405 E = 10: 1, (RFRAE0) Waill )2 Bz, ¢ St
FO R G5 SR, 30, A 30 ml ZEESEAT 45 5, flk . 2 ik
VERARE] HARY) 43 P TR0tk (4a ~de) FIER A BERLT (A T 1A
1.3 WA EHK

1.3.1 e IR0 S0 0 B AR B TR I R
2 10° CFU/ml Z2 47, S2u Ak A4 F A — W BA ), 35 9%
HFBEZE 107° mol/L, NS pl BB IR AR M, — R ¥R
WETF 37 CHFM PR 24 h, —RINEFRERIT T
20 em ZRHEHF 30 min J5, FEET 37 CHFRAE IR 24 h, Lg%
YN PAEARAE I o

1.3.2 e RS SR RS B E o P bR 3
Fe BB, vk DL LB AR 15 3 30 R Ak R 2%
ZEYRIE N 10° CFU/ml 1980, % . L& (3a ~4e) 53
i T IA RS SRR A A 96 LA, F 3 37 s
P AR IR A B 23R B2 43718 0.0. 51,2 .4 .8.,16 .32,
64,125 250 pg/ml H1500 pwg/ml, & T & ERLT T 20 em bR
5130 min, B T 37 CHiFRA PR 24 h )5 BAUET W4l
WA RKAB O, 50 B (R Annekad ) b, DL 80% [w) i ik A=
A2 BN A B ARk BE A Z 2 I B R BE (MG, ) o IR ST
PPPATHAE 3 K.

2 #R

2.1 &3R4
5,10,15,20-PUnEBEnpabk (1) « L 60 f K 0. 4 g, Y% 10%
mp >300 °C ; 'HNMR(CDCI, 400 Hz) 3, :9.08 —=9.06(d, J =
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8 Hz, 8H, pyridine a-H) ,8. 88 (s, 8H, pyrrole C-H), 8. 18 -
8.16(d, J =8 Hz, 8H, pyridine 8-H) , ~2.92(s, 2H, porphyrin
N-H) ; UV-Vis(CHC, , nm) :417,512,546 588,643 ; TR(KBr J&
B em™):3310(N-H), 3031 (Ar-H), 1592, 1467, 1 350
(pyridine, C=C and C=N), 971 (pyrrole N-H) , 801, 723, 640
(=C-H); MS(ESI* ,m/z) :620 [M]* .

5,10, 15, 20-PY nf BE 45 P ObR (2) @ 4% €5 [E 1A 57 mg, 0%
96% ;mp >300 °C; 'HNMR ( CDCl;,400 Hz)3,,:9.09 - 9. 07
(d, J =8 Hz, 8H, pyridine a-H) ,8.89(s, 8H, pyrrole C-H) ,
8.19-8.17(d, J =8 Hz, 8H, pyridine B-H) ; UV-Vis ( CHCL, ,
nm) : 477,579,612; IR (KBr & A, em™ ): 3 031 (Ar-H),
2919, 2 849(C-H), 1 595, 1 467, 1 346 ( pyridine, C = C and
C=N), 1 009 (N-Mn), 802, 723, 640 ( = C-H) ; MS (ESI*,
m/z) 673 [M]*.

HAE15,10,15,20-P0 [ N-(4-507K FE ) ke | ook | FH &5
3a: IR 98% , mp >300 °C; '"HNMR(CDCI,,400 Hz)$§,,, :9.53 -
9.52(d, J =4 Hz, 8H, pyridine a-H), 9.01 -8.99(d, J =
8 Hz, 8H, pyridine B-H),7.89 -7.87(d, J =8 Hz, 8H, Ar-H),
7.68 ~7.65(d, J=12 Hz, 8H, Ar-H), 6.23(s, 8H, CH,Ph);
UV-Vis(CHCI, ,nm) :429, 518, 552, 593, 648;IR(KBr & ",
em~'):3 310, 3 031, 2 982, 2 849, 1 633, 1 597, 1 560,
1467, 1357, 1087, 1 047, 968, 809, 723, 638; MS(ESI",
m/z):1260 [M]*, 1224 [M]*-Cl,

HAAL15,10,15,20-PU[ N-(2,4- 50N 58 i | nhokk | BHES
F3b:UFE 97% . mp >300 °C; 'HNMR (CDCI,,400 Hz) 3§, :
9.63-9.61(d, ] =8 Hz, 8H, pyridine a-H), 9.07 -9.06(d,
J =4 Hz, 8H, pyridine B-H),8.04 —8.01(s, 4H, Ar-H), 7.99 —
7.98(d, J=12 Hz, 4H, Ar-H), 7.77 —=7.74(d, J =12 Hz, 4H,
Ar-H), 6.38(s, 8H, CH,Ph);UV-Vis( CHCL, ,nm) :432, 519,
553, 589, 648; IR (KBr J£ /-, em™):3 310, 3 031, 2 923,
2852, 1631, 1597, 1532, 1469, 1349, 1 109, 967, 801,
734, 639;MS(ESI* ,m/z):1395 [M—-1]" .

4k 15,10,15,20-PU[ N-(3,4- "4 %5 nk iz T nbesk | BH 2
F3c: % 99% . mp >300 °C; "HNMR(CDCI,,400 Hz)3,,,
9.53-9.52(d, J =4 Hz, 8H, pyridine a-H), 9.01 -=8.99(d,
J =8 Hz,8H, pyridine B-H) ,8.13 8. 12(m, 8H, Ar-H), 7.82 -
7.81(d, J =4 Hz, 4H, Ar-H), 6.22(s, 8H, CH,Ph) ; UV-Vis
(CHCL, ,nm) :426, 518, 553, 593, 648;IR(KBr [£}*, em ™)
3310, 3031, 2923, 2852, 1 634, 1562, 1456, 1034, 969,
800, 722;MS(ESI* ,m/z) ;1395 [M-1]",

W1k 15,10,15,20-PU[ N-(2,4- 50 3E) ML iE ] nhogk | BH B
T 3d:g K 97% . mp >300 C; "HNMR ( CDCI, ,400 Hz) 3, :
9.60-9.58(d, J =8 Hz, 8H, pyridine a-H), 9.04 -9.02(d,
J =8 Hz, 8H, pyridine g-H),8.16 -8.10(m, 4H, Ar-H),7.64 -
7.57(m, 4H, Ar-H), 7.48 —7.39(m, 4H, Ar-H),6.33 (s,
8H, CH,Ph) ; UV-Vis( CHCL, ,nm) :421, 518, 553, 589, 644;IR
(KBr JEF, em™"):3 310, 3032, 2 923, 2 852, 1 634, 1 560,

1456, 1 360, 1 145, 970, 802, 728; MS(ESI* ,m/z) :1 444
[M]™,

1RA615,10,15,20-PU[ N-(4-HE 5L ) nikiE ] nherk | BH 255
3e: 07 99% , mp >300 C; 'HNMR(CDC, ,400 Hz) 3, :9. 58 -
9.56(d, J =8 Hz, 8H, pyridine a-H), 9.05 -9.03(d, J =8 Hz,
8H, pyridine p-H),8.51 —8.49(d, ] =8 Hz, 8H, Ar-H), 8.11
8.08(d, J =12 Hz, 8H, Ar-H) , 6.38(s, 8H, CH,Ph) ; UV-Vis
(CHCIL,,nm) ;: 460, 519, 558, 591; IR (KBr /% /', em™"):
3310, 3034, 2923, 2852, 1 636, 1560, 1460, 1350, 970,
802;MS(ESI* ,m/z) :1 400 [M] * -Br,

SAAE15,10,15,20-PH [ N-(4-50 R 5L MEBE | FR PNk FH 2 7
4a: g3 98% ., mp >300 °C; 'HNMR(CDCI, 400 Hz)3,, :9. 69
(br, 8H, pyridine a-H), 9.03(br, 8H, pyridine B-H),7.98 —
7.96(d, J=8 Hz, 8H, Ar-H), 7.72 =7.70(d, ] =8 Hz, 8H,
Ar-H), 6.24(s, 8H, CH,Ph); UV-Vis( CHCL, ,nm) :431, 519,
552, 593, TR(KBr JE /&, em~'):3 035, 2 982, 2 849, 1 633,
1597, 1492, 1088, 1002(N-Mn) , 800, 723, 640; MS(ESI ",
m/z):1282 [M]*-Cl,

HA15,10,15,20-PU[ N-(2,4- 50 5E) MEBE | Rk | B
BT 4b: g # 98% , mp > 300 °C; "HNMR ( CDCI,, 400 Hz)
d,m:9.61-9.60(d, J =4 Hz, 8H, pyridine a-H), 9.07 -9.05
(d, J=8 Hz, 8H, pyridine g-H) ,8.02 -7.99(m, 8H, Ar-H),
7.77 =7.74(d, 4H, Ar-H), 6.36 (s, 8H, CH, Ph); UV-Vis
(CHCL,, nm):431, 519, 554, 589; IR (KBr /& /', em™"):
3031,2923,2852, 1632, 1561, 1474, 1388, 1100, 1001
(N-Mn) , 810, 729;MS(ESI* ,m/z) :1 456 [M] ",

&1k 15,10,15,20-PU[ N-(3,4- 505 MERE 145 Aokt FH
BT de: L 99% . mp > 300 °C; "HNMR ( CDCI, , 400 Hz)
8,,:9.74 -9.72(d, J =8 Hz, 8H, pyridine a-H) , 9.04 —9. 03
(d, J =4 Hz, 8H, pyridine B-H),8.32(s, 8H, pyrrole C-H) ,
7.99-7.85(m, 16H, Ar-H), 6.25(s, 8H, CH,Ph);UV-Vis
(CHCI,, nm):424, 518, 568; IR (KBr JE /-, em™'):3 034,
2923,2852, 1634, 1563, 1458, 1 003(N-Mn), 970, 800,
722 ,MS(ESI* ,m/z) :1 421 [M]*-Cl,

R4 15,10,15,20-PU[N-(2,4-Z 50 5E) EOE 1 4G nfok | PR
BT 4d: L # 96% , mp > 300 C; '"HNMR ( CDCI,, 400 Hz)
d,m:9.58-9.57(d, J =4 Hz, 8H, pyridine a-H), 9.01 -8.99
(d, J=8 Hz, 8H, pyridine g-H) ,8.14 -8.09(m, 4H, Ar-H),
7.58 =7.39(t, 4H, Ar-H),7.42 =7.35(m, 4H, Ar-H), 6.30 —
6.27(s, 8H, CH,Ph); UV-Vis (CHCL,, nm):431, 519, 554,
589 TR(KBr JEF, em ') :3 024, 2 923, 2 852, 1 632, 1 457,
1353, 1.002(N-Mn), 809, 730;MS(ESI* ,m/z) ;1497 [M] ",

RAE15,10,15,20-PU [ N-(4-Ag 57 58 ) IERE ] 46 btk | PH B
F 4e: 0% 99% , mp >300 C; '"HNMR(CDCL,,400 Hz)3,,,:
9.71 -9.69(d, J =8 Hz, 8H, pyridine a-H), 9.08 -9.07(d,
J =4 Hz, 8H,pyridine 3-H) ,8.49 -8.47(d, ] =8 Hz,8H,Ar-H),
8.41(br, 8H, pyrrole C-H),8.18 —8.16(d, J =8 Hz, 8H,
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Ar-H), 6.40(s, 8H, CH,Ph) ; UV-Vis( CHCL, ,nm) :432, 517,
566, 640; IR (KBr JEF, em™):3 034, 2 923, 2 852, 1 635,
1562, 1 454, 1 346, 1 520, 1 002 (N-Mn), 802, 736; MS
(ESI* ,m/z):1533 [M]*,

2.2 WA EK

2.2.1 JGHAEZ N i NN =ty PO R Gt O
Ve EA YRR BT B APt fE R . LIRS
W1 3a M) EERTT  TEVEREE Sy 10 70 mol/L i), §E5E 2 H T 4
O A ER B AR F I H T B SR A K (BT
HEBT, M BEXT 2 M i I I ROCR MR A AR . HAbfb & A
BN

2.2.2  HUATEME LA 10 MG WXt 4 B OB A ER B
KIGFFBE BRI MIC,, W36 1, RS Xt a1k &
YR BT Z M, BT LR ARG E B . shnbmkZ g i
o HE 22 WA 4 9 600 B8 20 R TR A G R ) D SO R S M X LR
R BR B — A2 B GREM HI0E ME  (EX 8 2 BRI R AT B
O BRTE PR 2SRRI R 2R AT RO BT A b & W 3 3R A Thf 32
Peo LMEGY) 3a 0] ZEWREE R 4 g/ ml B, AT 58 241 ] 43 B
AT A K B 1 AR, X B R R AT 50% FA R, T K
FF TR FNERBRAT I A SR HIR 25 . LR 2,

R1 IMNMEERE (3a ~de) BRSMEEHREMIFE(MICy , pg/ml)

TRk 32 3b 3¢ 3d 3e 4a

4b  4c  4d  4de

SEEOEAERE 2 4 8 64 512 0.5 2 4 64 32

KIGFF 64 128 256 128 512 4 16 32 64 512
0 R 16 32 128 128 512 2 16 16 64 128
6 000 . L] a
= “‘"\-\.% *M"'\-\.
5000 % W N
.'x £
4 000 N i L
", s
“ -,
3000 . "
* H"'\.
'._ LS
2000 L
1000 o T
L= _ = '\..\..i
0 :r Te-d 4 ] L3 *
-0.3 0 0.3 0.6 0.9 1.2 1.5 1.8
Ig /pg ml™

B2 HEY3aMEERFARE KBFETNEEIKE
B30 F I GIE

3 e

SCHRAIRIE A r 67 DU i e Mo 2 2 ER AL M) R 225
S AR FR g sl 2 e oA oF b e B 201 R A 7 e Ak
A A LR R PR UIE 1 2T A IDUR AT, 3R] sk Gy
BERK M &R EHEABC T B AE B by . % & #

B 2 ORI E JE02 245 W Hh i L 4 L AT, s PR B v 24
SRR R AEAE 2, 4- T FN 3, IF FLO B A B e L AR
oMM 2GR, PR R AT 38 P A R 1 Uk 0 & A
AR BRI A A G 5 DU e b & A 2R b
A = K S N TG e S s AU e S A e e S
TR B

NRERAE A 4 2 EH LIS ) o A7 5 i e R R s Al
AT A=W I R A SR A R R A A5 R A i, H
AIAELERT SO 2T 2, TR MR A AL R L fig
5 Sy (ML B F1E, 7 AR B R A B EE R G, AR
TR B R PR 55 AL RN R TR L 16 Ak, i
fLRE 155 , ROV A, T EO™ AR SOR AR 2 H AR
Yy, — Mk pK, R 2.0 ~ 4.0 (PR VEHE 4L, meso-
DU-(4-MERESL ) FRb Y ™= R i i . LT B Ak & 4
(1) B, Fefi 12 BRI AR R Adler 351047 T Btk
DL HIR BT RRVEE R, LA IR A AR5, Al 52 B
B, i RN E RS HRAR R AR A Wb 7 A
Gyoresalift, ARSI R I, OVEFEILL 1.5 h R E, B
B A, PRI R A K AR AW, (545 5
BRI

TEZREAL R NI, R AT A T IR B L A RE )
SEIR IR, ZRE AR R N A R ERE S AR R ), AR
JoT R P A0 T8 i) DMEF S W RSCR fei-, JO Js 1)
PR BE /N 7 i oy S A LR R Y . AR ILT
KA RN A B T3 550 F B, IR B R ke A (H
7R

ARSI, S HEO$E v55 BH 25 7 1 bk g 400 R 30 44
AL P PR I AE T, 10 ol BH S 7 ik Ak A P 19 e i B2
PEBA 5 T ICG R T 0 1A b X 5O GN
WML G HETE 2SR PACT 2345 40 1 1AL
R B U, SRR AR R D KOE IR T,
WSO Y RE TR e B AR 0 45 A, AR IR A R LT
FERERAEAEYI R TR RS A, 51 IE i &
PR 19 2 T35 R ER, P 0 9 A8 PSS BK A ZE S5 R I e, DA
TR R A e 4k AT e

JEEGR A VE FA ML A 55 Ak 2 25 4 25 D) AH G, nb
Wbk 5 240 L SO R 1 285 5 2 G BB TR 9 S R 25 14 . Nitzan
28OS S 3 A S A ) R K S IR 2 ol A [
F il 140 2 7K IR B 70 T e e TR, o i A R A R
SN BBOE P A L R . BH 2 R BH B 7 AH
Fb, H 25— bk 5 248 e S £ R i 22 ] 1) i Pl 5 | ) 45
Hie S MR LS T CYE T A4, LB s
Tl o N BT T LA S AR O SRR e
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