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The Synthesis of Water — soluble Asymmetric Porphyrins, Their
Metal Complexes and Their Interaction with CT DNA
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Abstract  ( Ethoxycarbonyl Jmethoxy — 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{ II ) derivatives decrease the
viscocity of CT DNA slightly and increase the melting point of DNA by only up to 2.5 at DNA base pair/
ligand ratios of 60. The fact that DNA causes a red shifi{ <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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PEH] . B ok, IE T A KA IRk S DNA
fERIRFFT, ColdE AR R SEHE . 24 1 7K 3 1 T
SHE 8 DNA ff AR sl 25400 . e FIE s K 2y
#7015 9 — metho xyellipticine 8 B+, B & R IF M1
FEEMHL HIV I5 4. 1997 5 Mirisola A& T 10
(4- BMEHE MR E VBT EDS RHENE
EEET R TR EEE RITER T H
76 R4 R B0 A % Bk B M b, R KIR S
T ERERBIER .8 TiREE OBy,
[Fet#FsE 7 Ei1H DNA fHE TR .

- N\
H

CHO CHI

R'=RP=R'= —C,\

R =g-PROCH ;COOH,CH,
0 =PROCH, COQCH ;CH

R=n-QCH COOUH-CH,
-UCH,CO0CH,CH,

—pi=p = T h— _pl_pl. e
R'-RI-R = —f N—CHh R'—R—R——CE\ CH

M=2H Cu,b

1 50

1.1 {X#|{S5A

Hewlett Packard — 8453E %) “# # #HE X UV -
vis F (X PE - LS 50B B 9% #6 H38 (% , Bruker — DRX
300 & 8w JL 4 {X , Shimadza FTIR 8000 & £1 4h ¢ i
1% PE — 2000 BT R {L. & U BR R BT, 4 -
A e, RS R E Fluka 23], -4 BIR DNA 8 B
eENE HEHTERS, Hadfigsoing. &
WA AR T RE,

R -RI-R'- —Cr;:_‘—CH, M=IH

M=IH R*=p-PhQCH ,CO0H
o PEOL - COOH

Mt SaREA R EY
Scheme 1  Synthetic route and compounds
ta) propcnic scid teflun 2.5 by (h) DMF/MAc, M= Cu.Niz () MeL+CHCl, 48 h; (d) 6 mol-L"! HCI

1.2 BESEK

o~ .p- CEBEPEEEPBECH B
DEMNMEERTARSRZIBIEEWEE, ™
REH-FRAAELTT LSRN HNHZE
BRI EEERRE -, M 134 B
TV e B o [ R R 2.5 h. W R R
FoK R T R G AR R R, &/
Pk, URCEE P2 A T VR R B I A T RRITUUE L P
B3V A TFeETEG FRERGRA, ™=
MWHE SOTTH.

(S-R(ZEBEPEHR) - 10.15,20- (4-
Mk eER ) JUARR ( p — 1iPYPPE ) 7 3 (2% ) Anal. Caled
for CysHyN; 052 € 75,10, H4.58, N 13.62; found C
74.74. H4.56, N 13.12. 'H NMR ( CDCL;, 300MHz)
3:9.05(d,6H,2,6 — pyridine ). 9. 01 (d, 2H, 8 —
pymrole) ,8.95(m,6H, 3 - pymole} . 8.17 (d,6H.3.5 -
pyridine) ,8.12{d,2H, 2,6 - pheny}},7.33(d,2H,3,5

— phenyl),4.94(s,2H,0CH,) ,4.44(q,2H,COOCH, ),
1.26(1,3H.CH3), — 2.92(s,2H, NH pyriole ) v :
3318(‘m71(m,NH—p}m}e),l?Sﬁcm_lfm.C=0}.

[S- I ZEHRENEFE) -10,15,20- (4 -
MEAE ) ]I 0 — tiPYPPE) P23 (1. 8% ) Anal.
Caled for 2;5H3:¥7045: C 75,10, H 4.58,N 13.62; found
C 74.68,H 4.58,N 13.23.'H NMR ( CDClL, , 300MHz )
3:9.09{s,6H, 2,6 — pyridine), 9. 01 (s, 2H, B -
pyrole),8.87(d, 6H. R - 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.0CH;},4.23{ g, 2H, COOCH,) .
1.240¢t,3H,CHy 3, — 2,78{s.2H,NH — pyrole ) v, :
3317em ' im,NH - pyrmole) , 1756 cm™ '{m, C=0).
1.3 EEESYHNSR

4 BN A LT TG 5 B 7 DMF %
Wk AR & B AR AR S MR TE 80°C KR, ¥ 4b
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& L B 5 DNA HE H 927

R, P R 4 (Cu 3h, N1 12h) RS2 F, &
ZepinA K, FE R A TH RFEEFER
B AR, L CHCL/CH;OH e fl WE &
M LRCE MRS A A B TLE. W ET S AS T
;@_

S-A{ZEBRAEPEER) -10,15,20- (4 -
MEBE EL) ] MhRESE (p — wiPyNi) =32 (80% ) Anal.
Caled for CesHa N7O3Ni: C 69,68, H 4.00, N 12.64;
found C 69. 29, H 3.89.N 12. 29, 'H NMR ( CDCl;,
300MHz)3: 9.01 (s.6H,2,6 — pyridine), 8.87(d,
2H. 3- pyrole), 8.73 (s,4H,p — pyrrole), 8.70 (d,
2H,B - pymole)}, 8.04 (d,6H,3,5 - pyridine), 7.93
(d,2H,2,6 — phenyl), 7.24 (d.2H,3.5 - phemyl),
4.88 {s.2H,0CH.). 4.40 {q,2H, COOCH,). 1.42
(t.3H,CH.) . v, : 1755 em ™ '{m,C=0).

[S— 4R {Z EMAEPEHER) -10.15.20- (4-
MpUE BL ) ] AP MK ER (o — tmPyNi) ™ FR (80% ) Anal.
Caled for Cys Hay N7OsNi: C 69. 68, H 4.00, N 12, 64;
fond C 69.29.H 3.89, N 12,29, '"H NMR { CDCl;,
300MHz) 3. 9.04 (d.6H,2,6 - pyridine), §.97(d,
2H,B - pyrrole ), 8.81(s,4H, - pyvrmole) ,8.76(d,2H,
3- pyrole), 8.14 (d.6H,3.5 — pyrdine), 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{ g, 2H,
COOCH,),1.240t.3H,CH1) »pp: 1756 eom ™ m, C=
0).

[5— 3o EmEREER) - 10,15.20- (4 -
BHERE BE ) ) Ph MR R ( p — tPyCu) P 38 (93%) Anal.
Caled for CysHy NsO2Cu; C 69.14, H 3.97, N 12.55;
found C 68.82,H 3.84 N 12.22.v,,.:1756cm ™ '{m,
C=0}.

[S-4M CEBMBEFEER)-10,15.20- (4-
MERE FE )] O MK HA { 0 — toPyCu )} 77 % (90% ) Anal.
Caled for CisHy N705Cu; 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 KBHEIMNERIE R

bRk I MR S BB S T /AL AT
Byt FEEW 48 h g, A TH]. 8K
AR L & 4.

S-S EBEPEERE)-10,15,20- (4-
N- R mE) Bk p - TMPyP) =22 (95% ).
Anal. Caled for CgHaaN;O513+3H,0; € 48.04, H 4.00,
N8.17; found C 47.62, H 3,89, N 7.96. 'H NMR

{DMSO - d,,300MHz)8:9.49(d.6H,2,6 - pyndine),
9.22 ~9.01(b, 14H.8 - pyrole + 3,5 — pyridine ), 8.20
{d.2H.2.6 — phenyl) ,7.46(d,2H,3,5 - phenyl),5.04
{2, 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, (Hy0): 424{loge5.4), 521{3.2), 560
{2.9), 645(2.7) nm. ., : 3317 em™ ' {m, NH -
pymole) 1756 em™'(m,C=0) .

[5- 4B (L EBmBEPHEE) -10,15,20- (4 -
N BURLIE B R ) AP MK {0 — TMPYP) =3 {91%).
Anal . Caled for CogHaaN7Osls*3H,0: C 48.04.H 4.00,N
8.17;found C 47.58,H 3.92,N 7.97.'H NMR {DMS0
— dg.300MHz)3.9.44(d,6H,2.6 - pyridine) ,8.96( b,
14H,3 - 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, CH;), - 2.86{s, 2H, NH -
pyirole) . A, ( HoO): 4230 loge5.4), 519(3.2), 557
{(2.7).585(2.8),645(2.5) nm. vpp:3315 cm™ ' m,
NH - pymrole} . 1755 em~'H{m,C=0),

[S-H{ZEHmEFEFE) -10,15.20- (4-
N-BRERMmEE)I VB (p - TMRYPN) &%
{89 ). Anal. Caled for Cg Hyg N,OuNily » 3H;0: C
45.90 , H3.66 , N 7.81 ; found C 45.56 , H3.60 ,
N7.72. 'H NMR (DMSO - ds, 300MHz} &; 10.54 ~
10.22{b,8H,R - 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(1,3H,CHy) A ! H20):420{ loge5.2),533(3.3)
nm, ¥ o : 1755 em ™ Him, C=0}.

[5- 5B EMBEPERE) -10,15,20- (4 -
N - B rEE)] b ER (o - TMPyPNI) 7= &
(92%). Anal. Caled for Cg Hg N;OsNil; - 3H,0: C
45.90,H3.66,N7.81;foundC45.61,H3.59,N7.69.
TH NMR { DMSO — dg. 300MHz} 3. 10. 24 ~ 10. 12 (b,
8H,B - pymrole),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 +
OCH,),4.24{q.2H, COOCH,} . 1.27¢1,3H,CH;) . A ..
{H,0):418{{loge5.3),533(3.3) nm, v, :1754 cm™!
(m,C=0}.

[5-%tt ZEBMBEPERE) -10,15,20- (4-
N- B )] E (p - TMPYPCu) = %
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(90% ). Anal. Caled for Ce Hyp NyO3Culs - 3H,0; €
45 .68 ,H3.65,N7.77:found C 45.35.H 3.62.
N 7.67.2 4, (H;0):423{loge5.3),548(3.3) nm. vp, :
1756 em ™ '{m.C—=0).

(S-S ZERBEFEEE) -10,15.20 - (4-
N- ROEEEeEEE) | IbW4E (o — TMPyPCu) 7= 3
{929 ). Anal. Caled for Ci Hyg N1O3Culy * 3H,0:
C 45.68, H3.65. N7.77: found C 45.27, H 3,54,
N7.71. Ay (H;0): 423(loge5.3),547(3.4) nm.
Vo1 1754 em ™ H{m.C=0),

1.5 3EXKEL7b] A ZHITEREKR

[S-RH{BEPEHERE) - 10.15,20-(4- N -
BRI RE R ) [P 8 p — TMPYPC) 7= 32 (90% ). Anal.
Caled for Cag Hayy N; O3 I; - 4H; 0 ; C46 .42, H3 .87, N
8.24; found C 46.02, H 3.73. N 8.14. 'H NMR
{ DMSO — dg . 300MHz)5:9.51(d,6H.2,6 — pyridine),
9.22~9.0l (b, 14H, f - pymole + 3, 5 — pyridine),
8.20 (d,2H,2,6 — phenyl), 7. 46¢d,2H, 3,5 -
phenyl),5.05(s.2H.OCH; ) ,4.74(s 9H,N* - Me], -
3.00(s,2H, NH - pymole ). A, (H,0):425(loge5 .4},
52203.2),560(2.9).585(2.9).645(2.7) mm, v
3316 cm'l{w.NH-—pj'rmle).l'fEB em™ Mom,C=0).

[S-4P{MEFEER) -10,1520-(4- N -
PR MEnER ) JOh sk o — TMPYPC) P32 (91% ). Anal.
Caled for Cog Hyy N; O3 L;  4H, 0 ; C46.42, H3 .87, N
8.24; found C 46.13, H 3.80. N 8.16. 'H NMR
( DMSO - dg, 300MHz)5:9.46(d.6H, 2,6 — pyndine)
8.96(b, 14H, 8 - pymole + 3,5 — pyridine), 7.91{ m,
2H.5,6 — phenyl),7.35(m,2H, 3,4 — phenyl ) ,4.66(s,
I1 H,N* —Me+ OCH:). - 2.90 (s,2H.NH - pyrole)
Ao Hy0): 423 ( logeS. 5. 520(3.3), 585(3. 0), 645
(2.7) nm. v, :3315 cm™ " w,NH - pyrrole, 1733 em”!
(m,C=—0).

P94 - N — 1E P JE 0l BE B ) abrig { TPPYP ) £ SCBR
(9] G RMEIE.

1.6 MRAZE

EB-DNA Xt RKF . - RIINZTHH
2.1 x10%mol - L7'ERAI3.4 x 10 mol- L1 EY
DNA FHH , 0 A AR 3 BEAG UE o, B2 30 min f5
MR, 2 3.3% 10 mol- L™ '#9 DNA B #
W I AC [ 7 BE R R RZBY 30 min f5, RS 0 B
BT E, ST RETRRS K, &%
BB ME RSB TFHE . B 9T . 7F DNA 455
MHiE, BHER ICH X AxEH. 8 TMREER 2

min. E MR A
2 HR5E

2.1 OhRT EB - DNA 3B X A HHE &

RBIZEEBMEN—TRAEFEFEYUN 2
T HERITHIR A DNA MR BMIEA B AT 2
[, T B EB £ R A BB, YA DNA
EHREBEWR. IFE EB M DNA FiF B kR
DNA BUR gewi atf, 386 8 E &K F A EB X —
. o] H EB ARSI DNA S . E— &
i EB - DNA 3 & 30 A A IR e BE g nhoif B3
B Fo/F AP EIEE L LA 1 REE KR
FHBEKEE LB ERRBRATBRAK . Fy/ F At
BRAEEEESBER HINMEEXHETS
£ EL K A | R IE T UMM X EB 9258 AT
AR I, RATIA N, R E B RS DNA
HYFfE s — fE R

a0

:0c+0 le-& Je-b 361-6 4e-b
Cpimol-L7)
E1 TREkBEMI R EB - DNA 2 R H X
( Fo/ F vs Cp)
Fig.1 Fluorescence quenching of EB ~ DNA by different
concendration porphyrin { Fg/ F va Cp)
®— 0o - TMPyP., &—p — TMPyPc,
H—o - TMPP. ¥ —p - TMPYP

2.2 BATFERE#HFER

B ) TR 7F pH = 7.4 B9 Tris — HCL
FE B A DNA B EY |/[obm] =60y, HP -
B453A R UV —vis ML . AR HEBREAHS
DNA fEH R H Soret HEH AR BEM A B,
WL X RE A IE R A reE of ## e 5 DNA 1Y
HEMER, TS DNA IR E R A HEEEH,
IO R N o B FERT R Z 8. & T ot
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% ME FEHETUHFIHERLSRESH S EES DNA K TEH 929

B 2 2L - i B £ for B A9 (2 BB 3R R ], o BEL i
A5 DNA fEFIgR#R s LAt BB 40 85 Fe
BELM RO R AR .
2.3 FHEHWR

BRI EWRE VTN (4- N - BRI
H)Ubsk (TVP4)Y, PO (3 — N — B Rl 0 35 ) up m
(TMP3} 45 CT DNA MERME S HHMAE RAT #
Ab - AT IS . (0 R Y 2 A R L | ) R
EB 5W %55 DNAMERLE S .M E EB /)3
HEEFETHRBFRYE DNAWELLE S FEDY
FEE O LR E BT BT A ISR LS A IR
AR5 DNA 1E AR . R, BR B RN
S DNAMBRMRSE S ER. F 1 H5REH K
EHEWENAT 3x10°~3%x10° Lomol ™' 22 /8], X HIHL

fth 1 5 I 15 A9 A AR Mk S DNA B &5 & % B L, 3
H AR A b kg & 8 3 b SR A B R P kel
KLERARATEL AR 2 i S FIR YRR I 4
SR
2.4 DNARMRAEMMAREERR
AR DNA MEEYHE S H. 2 DNA
5# & £l A EA S DNA B S EE M E
g, FH K AE SR EERAHE
HA R L HE A DNA B8 S FOR WS ER A E , |7
8 DNA 5254 1E A5 B . 5T DNA #) A fii bl
BT k([ DNA B &3 ]/ ] = 60) . 3K 8 DNA
ST ERFITER L HL UBREE I &
0°CWERE FAAHE(9/7,)88 R E([DNA B &
%t /LM A AR (LN 2 .

®1 EAYSDNAEAER
Table 1 Interaction results of porphyrine and CT DNA

Porphyrin Buffer 4, nm® 314 g " H{ g1t Kx 1073 (1 Lomal - )" AFsch
- TMPVPc 425 6 1 765 + 56 0.8
a - TMPvPe 423 4 4.2 330+ 23 o
£ - TMPAPCu 423 6 16.6 2760 £ 230 1.6
a - TMPyPLu 47 4 7.7 1280+ 118 1.4
£ - TMPYPN 420 7 s 2010+ 245 2.5
o - TMPyPN: 418 4 21 1940 + 154 05
£ - TMPyP 424 9 19 2270 + 198 1.0
a - TMPyP 413 5 17 936+ 77 0.3
TPRyP 124 8 25 1324 + 280 2.4

{a) 0.1 mol- L™ tma- HC1,0.03 mol-L~' KaCl pH=7.4,{b)0.1 mol-L~" tris - HC1,0.03 mol'L~" NaCl pH = 7.4 Cpax base/ €p=60,1c) 0.1 moel-L™"
tris - HCL, 0.1 mol*L™" NaCl pH = 7.4, H% L3R5 DNA fEFEH Soret WHM & E 72+t

100

XN+ u" .

G8 - L]

g7 - r ]

i 100

9% - LT,

asr

04

vl 23 % 5 6 7 8 910
Ry X 1000
B2 DNAHUMEEE pog, B R AR
R=Cp/ CpoaTE 0.1 mol*L~?
tis — FC] pH = 7.4.0+. 03 mol- 1.~ 'NaCl

Fig.2 Vanation of the relative viscosity of DNA with R
.—TPP}'P..—p - TMPyPc .A—p - TMPyPCu., ¥ —o - TMPyPe

ERFEH RIS RWIHEE DNA fEH. 31 &
RS ERTED 2.5C; W ERKER B R &£ (4
- N - W Znteg 2 nb ek TMPyP(4) | P4 (3 - ¥ - FR
i nE 2 )R] TMPYP(3) 15| & CT DNA S5 E A,
MESE DVNA K ERM TR R 1 SREHXL
HhB 5 DNA R AEERHE ABAER.

WIERKAb MR R B b M S DNATEFA LT
R (DR EERS,BEAE AEHIUH
HIEREL EAERREES -CC-3 - A,
S IERITE AT R E W E £ X, 0 TMPyP (4) 1
CuTMPyP(4) : (2) SMERFE R, 0 TMPYP(2) £ 8
Bl HRESHEEENESTEATEELEN /19
XIS6l(3) iR SR IMMIERBRE L&
BT 7 DNA 2 E &4 KREFRERN T

RS DNA R4 AR &F L FILaE“
FIFECL) AR A LT B AT 1S nm AT 35%,
(D)ABROES TR CGHEE AR log 7/ 70) log( L
+2R)>1.1. R = Cp/ Cona pese ) - BB TR K S DNA &
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EHAMEHMLaHE, LA S ERITA TR RE
F AR A KERETRFER. B, BITA
HEEERK MER AN S CTDNA R, E B =il
e R HES A TE DNA B/ AT EEE /Y
SAERVE R AR MU (4 - N - B R ng ) nh ek
EM(3-N- BRI ER)A S DNAER . FHA
BAMF SIMFLE A
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