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The Synthesis of Water — soluble Asymmetric Porphyrins, Their
Metal Complexes and Their Interaction with CT DNA
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(*Institute of Coordination Chemistry State Key Laboratory of Nanjing University , Nanjing , 210093)
( Institute of Molecule Science Research Shanxi University, Taiyuan, 030006)

Abstract (Ethoxycarbonyl) methoxy — or carboxylmethoxy —  tris( methylpyridinyl ) porphyrins and their metal
complexes have been synthesized and characterized. All of them were sufficiently water — soluble for DNA
binding studies. Their apparent affinity binding constant for CT DNA varied from 3 x 10° to 3 x 10° L*mol ™! as
measured by competition with EB. The porphyrins as well as their Cu( Il ) and Ni( Il ) derivatives decrease the
viscocity of CT DNA slightly and increase the melting point of DNA by only up to 2.5°C at DNA base pair/
ligand ratios of 60. The fact that DNA causes a red shift(<9 nm) and weak hypochromic effect( <35%) on
the soret band of porphyrins shows that all these porphyrins interact with DNA without intercalation.
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PEIEN . E G, I E A A K kS DNA B
YEFRFAE , B BIRE AN R 248 . 23X Rk 5 b ok
HH T —2% DNA AR S 254 10 . w5 v F I s 28 24
118 9 — metho xyellipticine R, B BRFH
FiE AL HIV % ¥ . 1997 4E Mirisola 28 A & 8 T 1
(4 - BEEF)IMRAE VB IR EY DS, R EANTE
EYEEPRE RN MEE . RITE R T ¥
R (U5 4 BE B A AN XEFRK B MR obk , L BREOK AR ST,
TEESBIEN. N TEXBAEGY TR,
FE BT BFZE T B 150 DNA MAHEAER .
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1 SEIE
1.1 ES5ERAF

Hewlett Packard — 8453E B! —# & 46 %X UV -
vis Y6151 ; PE — LS 50B #3615 1X , Bruker ~ DRX
300 BUA% R 3L PR {Y , Shimadzu FTIR 8000 %Y 41 b 6%
X, PE — 2000 B ST & 4 Hr 4, & W B 7R FE 3,4 -
ML R, PR ) B Fluka 2], /MR R DNA W B
HENF, WA ERE, EREANB A 4. &
BB & R A BRI TR .

| X N\
/—R+3| _ +4£/N\> a
CHO CHO H i
R! =R’:R’=—CN Rl=RP<R’= _CN
R=0-OCH,COOCH,CH, R*=p-PhOCH,COOCH,CH, M=2H,Cu,Ni

p-OCH,COOCH,CH,

RI—R2=R= _Cyizj-cHg

M=2H,Cu,Ni

RI=RE=R*= —{ N'—CH,
7]

0 -PhOCH ,COOCH,,CH,

R =RP=R’= —Crilf—cm M=2H

M=2H R*=p-PhOCH,COOH
0 -PhOCH,COOH

BxX1 SRBaAHEy
Scheme 1 Synthetic route and compounds
(a) propionic acid reflux 2.5 h; (b) DMF/MAc, M= Cu,Ni; (c) Mel/CHCL 48 h; (d) 6 mol-L~! HCl

1.2 BEER

0—,p— ZAEMEE G EIE T ST L]
DA M BRER PR S RZB BRI MAER, =Y
REH B RAEBRH#AT T RN HEKZER
BRE AR, 4 - e P, IR IR 1:3:4(8
IREOVIFERBR B R Y 2.5 h B EZER R, A
oK, R s T 8405, AR a, @45/
B VE , AR 7= RV VR MR 45 A T BRI, P BE R
BIR.THBTER TN, BARRERS, ™
YEZ 50CT .

[5-*(ZEBEREFEEL) -10,15,20- (4 -
e ) 0ok (p — wiPyPPE) 72 % (2% ) Anal. Caled
for C4sHy3N,05: € 75.10, H 4.58, N 13.62; found C
74.74, H4.56, N 13.12. 'H NMR (CDCl;,300MHz)
5:9. 05 (d, 6H, 2, 6 — pyridine), 9. 01 (d, 2H, B —
pyrrole) ,8.95(m,6H, § — pyrrole) ,8.17 (d,6H,3,5 -
pyridine) ,8.12(d,2H,2,6 — phenyl),7.33(d,2H,3,5

—phenyl),4.94(s,2H,OCH2),4.44(q,2H,COOCH2),
1.26(t,3H, CH3), - 2.92(s,2H, NH pyrrole) vpu:
3318cm ™! (m, NH - pyrrole) , 1756cm ™1 (m, C=0) .

[5-4F(ZE BB EHER) -10,15,20- (4-
MEBE 3 ) ] IRk (o — tiPYPPE) 72 % (1.8%) Anal.
Caled for CysHy3N;05:C 75.10,H 4.58,N 13.62; found
C 74.68,H 4.58,N 13.23.'H NMR (CDCl;,300MHz)
5:9.09 (s, 6H, 2, 6 — pyridine), 9. 01 (s, 2H, B -
pyrrole) ,8.87(d, 6H, B — pyrrole) ,8.24(d, 6H,3,5 -
pyridine) ,8.02 (d,1H,6 — phenyl), 7.81 (m,1H,5 -
phenyl) , 7.44 (m, 1H,4 - phenyl), 7.23 (d,1H,3 -
phenyl), 4.56(s,2H, OCH,),4.23(q,2H, COOCH,),
1.24(t,3H,CH;), - 2.78(s,2H, NH ~ pyrrole) v -
3317em ™ (m,NH - pyrrole) , 1756 em™ Hm,C=0).
1.3 £REEYWHER

42 JB IR BGRB8 6B R, 72 DMIF %
VR MR R & B BE R h 55 P HRFE 80°C L, % S
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B, B2 R 584 (Cu 3h, Ni 12h) , R R4 )5, i
R MAK, AEFRB K TR IR E R FER R
MR 4, DL CHCL/CH,O0H R kv A, & F 6
WOBERSE, WA G MBI, kKE=R,EEF
o

[5-3H(ZEBEHEFKE) -10,15,20- (4 -
MENE 2 ) [ b k4R (p — tmiPyNi) 7 3 (80%) Anal.
Caled for Cus Hy; N;O3Ni: C 69. 68, H 4.00, N 12. 64;
found C 69.29,H 3.89, N 12.29.'H NMR (CDCl,
300MHz) §: 9.01 (s,6H,2,6 — pyridine), 8.87(d,
2H, 8- pyrrole), 8.73 (s,4H,B - pyrrole), 8.70 (d,
2H,B - pyrrole), 8.04 (d,6H,3,5 — pyridine) ,7.93
(d,2H,2,6 — phenyl), 7.24 (d,2H,3,5 - phenyl),
4.88 (s,2H, OCH,), 4.40 (q,2H, COOCH,), 1.42
(t,3H,CH3) . vy : 1755 em™ ! (m, C=0).

[5-<P(ZEmEFEFE) -10,15,20- (4 -
MEnE 2 ) I b k4R (o — triPyNi) 75 % (80%) Anal.
Caled for Cys Hy; N,O;Ni: C 69. 68, H 4.00, N 12. 64;
found C 69.29,H 3.89,N 12.29.'H NMR (CDCL;,
300MHz) 8: 9.04 (d,6H,2,6 — pyridine), 8.97(d,
2H, B - pyrrole),8.81(s,4H, 8 - pyrrole) ,8.76(d,2H,
B - pyrrole) , 8.14 (d,6H,3,5 — pyridine), 7.97 (m,
2H,5,6 — phenyl), 7.33(m, 1H,4 — phenyl),7.20(d,
1H,3 - phenyl), 4. 46 (s, 2H, OCH,), 4. 13 (q, 2H,
COOCH,),1.24(t,3H,CH;) vpe:1756 cm™'(m,C—
0).

[5-X(ZEBEFEEE) -10,15,20- (4 -
Mk 2 ) ] AR k4R (p — triPyCu) 7 %8 (93%) Anal.
Caled for CysH3N;O3Cu; C 69.14, H3.97, N 12.55;
found C 68.82,H 3.84,N 12.22.v_,.:1756cm ™ (m,
C=0).

[5-B(ZEHMEREEE) -10,15,20- (4-
MEBE 2 ) 1P Bk 4R (0 — miPyCu) 7 % (90% ) Anal.
Caled for CusHy N;05Cu: C 69.14, H 3.97, N 12.55;
found C 68.77,H 3.79,N 12.28. v : 1755cm ™! (m,
C—0).

1.4 KBMEIMNKATE R

MhIREL AR & BRI AW BE T &, AL
B A (8 2R R N 48 h, R, B oS TR, 8K
g N NI L /B

[5- M (ZEHREREFEE) -10,15,20- (4-
N — BB B B ) 10 ok (p — TMPyP) 7= 2R (95% ).
Anal. Caled for CgHpN,0;1;+3H,0: C 48.04, H 4.00,
N8.17; found C 47.62, H 3.89, N 7.96. 'H NMR

(DMSO - dg,300MHz)3:9.49(d, 6H,2,6 — pyridine),
9.22~9.01(b, 14H,B - pyrrole + 3,5 — pyridine) ,8.20
(d,2H,2,6 ~ phenyl) ,7.46(d,2H,3,5 - phenyl) ,5.04
(s,2H,0CH,),4.74(s,9H,N* — Me),4.34(q,2H,
COOCH,), 1.33(t,3H, CH;), — 2.99(s,2H, NH -
pyrrole) . A (F,0): 424 (logs5.4), 521(3.2), 560
(2.9), 645(2.7) nm. yyu: 3317 em™! (m, NH -
pyrrole) ,1756 cm™!(m,C=0).
[5-P(ZEHEFAEE) -10,15,20- (4 -
N - B 3003 ) 1Rk (o — TMPYP) 7= 3 (91%) .
Anal . Caled for CygHy,yN;051;+3H,0:C 48.04,H 4.00,N
8.17;found C 47.58,H 3.92,N 7.97.'H NMR (DMSO
— dg,300MHz)3:9.44(d,6H,2,6 — pyridine) ,8.96(b,
14H,B - pyrrole + 3, 5 - pyridine) ,7.79(m, 2H, 5,6 —
phenyl) ,7. 34 (m, 1H, 4 - phenyl), 7.23(d, 1H, 3 -
phenyl) ,4.69(s, 11H,N* - Me + OCH,) ,4.24(q,2H,
COOCH,), 1.26(t,3H, CHy ), — 2.86(s,2H, NH -
pyrrole) . A ey (H0) ¢ 423 (logeS. 4), 519(3.2), 557
(2.7),585(2.8),645(2.5) nm. vpe: 3315 em™ ' (m,
NH - pyrrole) , 1755 em ™! (m,C=0).
[5-X(ZHHERAREE) -10,15,20- (4-
N - B ok nE )] ah sk 4R (p - TMPyPNi) 7= 3
(89%). Anal. Caled for Cs Hy N,OsNily *+ 3H,0: C
45.90 , H3.66 , N7.81 ; found C 45.56 , H3.60 ,
N 7.72. 'H NMR (DMSO - d¢, 300MHz) §: 10.54 ~
10.22(b,8H,B—pyrrole),9.47(s,6H,2,6—pyridine),
8.91 (s, 6H, 3,5 — pyridine), 8. 05(d, 2H, 2, 6 -
phenyl), 7. 43 (d, 2H, 3,5 - phenyl), 5.05(s, 2H,
OCH,),4.75(s,9H,N* — Me) ,4.54(q,2H, COOCH,) ,
1.27(t,3H,CH;) A e (H;0) :420(loge5.2),533(3.3)
nm, v, :1755 em ™ !(m,C=0).
[5-B(ZEHREFEEE) -10,15,20- (4 -
N - B kg )] i mh8R (o - TMPyPNi) 7= 3
(92%). Anal. Caled for Cg Hy N;O;Nil; * 3H,0; C
45.90,H3.66,N7.81;foundC45.61,H3.59,N7.69.
'H NMR (DMSO - dg, 300MHz) §: 10. 24 ~ 10. 12(b,
8H, 3 - pyrrole) ,9.39(s,6H,2,6 — pyridine) , 8.83(s,
6H,3,5 - pyridine),7.75(m,2H, 5,6 — phenyl),7.37
(m, 2H, 3, 4 — phenyl), 4. 65 (s, 11H, N* - Me +
0CH,),4.24(q,2H,COOCH,),1.27(t,3H,CH;) . A
(H,0) :418((loge5.3),533(3.3) nm, v, : 1754 cm™!
(m,C=0).
[5- X (ZEHmEFAHEE) -10,15,20 - (4-
N- BEuoEE)] b4 (p - TMPyPCu) 7= %
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(90%) . Anal. Caled for Cys Hyg N;05Cul; + 3H,0: C
45.68,H3.65,N7.77 ;found C 45.35,H 3.62,
N 7.67. A max (H,0) :423(loge5.3) ,548(3.3) nm. vy :
1756 em™'(m,C=—0).

[5-$B(ZEMEFEEE) -10,15,20 - (4-
N- B EuEE)] ibwkd (o ~ TMPyPCu) 7= R
(92%). Anal. Caled for Cg Hi N;O5Culs * 3H0:
C45.68, H3.65, N7.77; found C 45.27, H 3.54,
N7.71. A (H0): 423 (loge5.3),547(3.4) nm.
Vot 1754 em™ ' (m,C=0).
1.5 ¥3CEk[7b] ARSI TERE KR

[5- X (GREFEREE) -10,15,20- (4 - N -
F 3Ll e 2 ) 0ok (p — TMPYPC) 238 (90% ). Anal.
Caled forCygHig N; 031, - 4H, 0 : C46.42,H3 .87, N
8.24; found C 46.02, H 3.73, N 8.14. 'H NMR
(DMSO - dg, 300MHz)8:9.51(d, 6H,2,6 — pyridine),
9.22~9.01 (b, 14H, B - pyrrole + 3, 5 — pyridine),
8.20 (d, 2H, 2,6 — phenyl), 7. 46 (d, 2H, 3, 5 -
phenyl) ,5.05(s,2H,0CH,) ,4.74(s,9H,N* — Me) , -
3.00(s,2H,NH—pyrrole).)tm(HZO);425(10g€5.4),
522(3.2),560(2.9),585(2.9),645(2.7) nm, vpp:
3316 em ™! (w,NH - pyrrole) , 1733 em™'(m,C=0).

[5-SPREFEFE) -10,15,20- (4- N -
LAtk i ) JUR B (0 — TMPYPC) 7238 (91% ) . Anal.
Caled forCyg Hig N, 03 1; * 4H, 0 : C46 .42, H3 .87, N
8.24; found C 46.13, H 3.80, N 8.16. 'H NMR
(DMSO - dg,300MHz)8:9.46(d,6H, 2,6 — pyridine) ,
8.96 (b, 14H, B - pyrrole + 3,5 — pyridine), 7. 91 (m,
2H,5,6 - phenyl) ,7.35(m,2H,3,4 — phenyl) ,4.66(s,
11 H,N* — Me+ OCH,), - 2.90 (s,2H, NH — pyrrole)
A max(H20) : 423 (loge5.5),520(3.3),585(3.0), 645
(2.7) nm. v :3315 em ™! (w, NH - pyrrole, 1733 cm ™!
(m,C=0).

P4 (4 - N — IEVT 0k e 3L ) AR 84k ( TPPyP) 3% SCHR
(914 BIFIRIE.
1.6 WRAE

EB- DNA RAEXKMR . E—RIINETEFY
2.1x10 %mol L 'EBAY3.4 x 10 5mol - L1 &
DNA ¥R, AR R #k BE B I Bk, K2 30 min S,
WHESE 66 . 7E 3.3 x 107* mol+ L™ 'Y DNA B
B IR [R) ¥ BE I BBk, SR 30 min J5 , A U B
TR T AR, BN RETHE SK, &%
BRE/ME, KRBT HE . RA I . 75 DNA #8
MHE, BFHR 1CT — K AxfE, B NMEEER 2

min, 7E B R BH
2 HRSH

2.1 ANRERT EB — DNA 3% 3% 3% 3K A 3 B 3 B

Rtz (EBB)EN - REFEHETEEKN S
T LB TAT H TR A DNA # B 58 5 P 35 A 22 X 22
6], % AR EB A& 5 R A RFHH L, 43 A DNA
JEHW B EHTE . R EB M DNA 3% 8 R 5%
DNA XU/ i, 96 56 8 2 % . # F EB B95X—
F¢45, T A EB D8 R3R4M B %E DNA G . E— &
3\ f) EB — DNA %98 5 00 AR TR 9% BE s nb ok, L5656
SREE Fo/F Fubebkofe BEAE A, I 1. AR 2 B 9%
HRERBL T LB SHREHEBREK, Fo/F 3
BRAGEEEYEBEL. RITABERERBENFE
2R K 3, B IE 5 B R sk X EB 38R R =
AERER] I, BATINR , 45 SCHE B A 5 DNA
HEfER— AR,

3.0

2.5

15F

10 1 1 1
Oe+0 te-6 2e-6 3e-6 4e-6

Cp/(mol-Lh)

B1 AREEH I EB - DNA ZEH R
(F o/ F vs Cp)
Fig.1 Fluorescence quenching of EB — DNA by different
concentration porphyrin ( Fo/ F vs Cp)
@—o - TMPyPc, A—p ~ TMPyPc,
B—o - TMPyP, ¥—p - TMPyP

2.2 BFREGEHR

YA B FIRIGE7E pH=7.4 ) Tris — HCl &
S PSP ([ DNA Bt ] /[ nbwk] = 60), A HP -
8453A ) UV - vis LK. Mk X HEBREY S
DNA 1EFIJE K Soret #H# A A RBE K LAB A,
L3R 1. 32 A 7 IE 5 P ol o # e 55 DNA 8
BHERVER, T 5 DNA MR & AT EEER,
SRR R ~ BT ERIT A Z . i T obuk IR
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G KA RO R & R A Y6 &5 DNA MERA 929

i 7E 283 b B BUR AL B A0 37 BH 3% B 7R 171, iz BEL AR
K, 5 DNA TEFBRARES . BT LA, %o r BUAR B9 40 7 B0k
BE BN E LB AHE .
2.3 FHEBWR
BAFLZHAFE2I3M (4 - N - BRI
) Absk (TMP4), 19 (3 — N — HF 3 Atk o ) np ik
(TMP3)5 CT DNA W ERMLE G EBHMERAT £
Ab - ] WG B AR BGE T A R RR M, TR
EB 58544515 DNA IS 454, & EB 9%
HBEEMREHRY S DNA NS S FHW
FEEOLPE AT A TSR IE AR R IE
AR5 DNA E R R . B 0, AT R A%
SERNHRE DNA WRMEAER, R 1 EREH, B
GEEBNT 3%x10°~3x 10° Lemol "1 Z [A], i Fil 1

R B W15 B 2RIk 5 DNA &5 & B B0, 3
B R B B D B 558 30 HL SR AL R A b mk g B2
K, LR SBALBURIMKAY 2 /% . 58 TR 5 45
SARNT R .
2.4 DNAKWBALTEARRIEERR
BRMKE R DNA WEEYHS . 34 DNA
5 REBAERXE AR, DNA B TURIEE W E
s, 3 HEEH K, RE S RS EEE 8
MR B X DNA B9 R RH TR BRI &, W)
8 DNA 54YERME R . I DNA B Ax (ERER
BEEZE 4k ([ DNA B E: %t ]/[ohwk ] = 60), 3R 48 DNA
ISR, G R THE 1. S N BRENE
20°C T <& K5 BE , MR RE B (/o) B R fE ([ DNA B8
Xt ]/[nbuk D R AEAL I 2 B .

®1 BEEYS DNAERER
Table 1 Interaction results of porphyrins and CT DNA

Porphyrin Buffer A ,,/nm® AA g/ H(%)* Kx1073/(10° Lemol ~1)° AT/CP

p - TMPyPc 425 6 11 765 + 56 0.8
o - TMPyPc 423 4 4.2 330+£23 0

p - TMPyPCu 423 6 16.6 2760 + 230 1.6
o - TMPyPCu 423 4 7.7 1280 £ 118 1.4
p - TMPyPNi 20 7 35 2910 + 245 2.5
o ~ TMPyPNi 418 4 21 1940 = 154 0.5
p - TMPyP 424 9 19 2270 + 198 1.0
o - TMPyP 423 5 17 936 + 77 0.3
TPPyP 04 8 25 3324 + 280 2.4

(2) 0.1 mol*L"" tris — HC1,0.03 mol-L~! NaCl pH=7.4,(b)0.1 mol*L! tris - HC1,0.03 mol+L"" NaCl pH=7.4 Cpys base/Cp = 60, (¢) 0.1 mol-L"
tris — HC1,0.1 mol-L~! NaCl pH=7.4,H% &N k5 DNA /£ /G H Soret RIS AT 4 1L

100

At o
Y- av P
®
A =
98 .
— B
§ A M [ ] - | *
L [
X o s,
< Voa
== A v
S g6l Y
95 v
94

01 23 4 56 7 8 9 10
R(X1000)
B2 DNAMEXKE 7/ B R EMZ
R= CP/CDNAE 01 mol'L_l
tris — HCI pH =7.4,0.03 mol-L~'NaCl

Fig.2 Variation of the relative viscosity of DNA with R
@—TpPyP, —p - TMPyPc, A—p - TMPyPCu, ¥— o ~ TMPyPc

ZEREBH, RINTE B E DNA 1EH, 5l
B R R AR AT 2.5°C s PR E I R £ (4
- N — B ZEnb g ) nhask[ TMPYP(4) I R PH (3 - N -
FEoi e ) k[ TMPYP(3) J51& CT DNA ¥ EFA &,
254 DNA FOR RSP T /. 32 1 R B X &b
AhBK 5 DNA RAEEIR AR

WIERA I R & B b wkS DNA EHA T
JLAEER: (D) RAERER, A A ERX A S
FHIEAEX  BAERRERE S - CG-3' - TRENT,
AMERPE R TE AT BE XN B &£ X, {0 TMPyP (4) F1
CuTMPyP(4);(2) Sh#R/E R, 10 TMPYP(2), £
BEBHEESUNEENEAE AT EELEN DN
XUS1615(3) — 275 5 B A BN ZE SR T VR B I 785
VKT, 7E DNA FHE R K EEFRERIT,

MBS DNA R4 AR AH DT ILEEM
FIHE (1) MRS A B AT 15 nm, BB KT 35%,
QB BREIE ST R GIMEF i [log(5/70) /log(1
+2R) >1.1,R = Cp/ Cpna nase) - IRIE M5 DNA K&
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EBRAERBILS A, XE R ERINW SR &4
T, AR AN KR ERIER. Bk, RATA
NXEEBERKMER IS CTDNAER, FERE
A R IS 7E DNA /MG AT EE XM
SMNERAE RIS, IR R I (4 — N — P Rtk e B ) ik
Ka(3- N - FEMERE)INKE DNAVEA, BHEA
BA ARG K.
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