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The Synthesis of Water — soluble Asymmietric Porphyrins, Their
Metal Complexes and Their Interaction with CT DNA
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Abstract  ( Ethoxycarbonyl)methoxy — or carboxylmethoxy — tris( methylpyridiny]) 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 10° Lomol ™" 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 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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W E o, i AR KIS MRS DNA 1)
YERIBEFT, TR AT G . Rk 7§tk mk
S5 ETE & DNA i AR 254 A0 . /e T A g ng 26 25
15 9 — metho xyellipticine TH & W, B BT
FUBFI HIV 75 £k . 1997 45 Mirisola % A& B T
(4- REFH)HANBRBEHEY S EAENE
EYBEEPRERTHMRBEE RIS TH
RUWEE 4 Mg B R X R K R bk, R KBS,
JEEERNEN I TREIRLSWNIENLR,
FIrS#F5E T = 117) DNA A EfEF.

CHO CHO H

R=0-0CH;COOCH ,CH;
p-OCH,COOCH ,CH,

= o
R'-R?-R'= —CN RI-R? R’ = _CN

R*=p-PhOCH ,CO0CH ,CH,
©-PhOCH yCOOCH,,CH,

1 k8

1.1 {(XB5RKA

Hewleit Packard — 8453E Bl R HHEKER UV -
vis J63#{% ; PE - LS 50B B3¢ 36 Y6 4% , Bruker - DRX
300 7 4% BE A48 1Y , Shimadzu FTIR 8000 41 4} 3t 12
{,PE - 2000 B LR 44740, 5 TL B RS 1 31,4 -
moE RS I R B Fluka 23], /N4 B9R DNABS B
HENE,EEATNER, ERRA A0 4
REERBR ARG IT iR

RY

M-=2H,Cu Ni

I;Jj—CH, M=2H

R'=R*=R'= —C}]\]'-CH, R'=R*=R’=
M=2H : R*=p-PhOCH,COOH
o -PhQCH ,COOH

HX1 ARBEKRAESD

Scheme 1

Synthetic route and compounds

(a) propionic acid reflux 2.5 hs (b) DMF/MAe; M= Cu,Ni; (¢} Mel/CHCl, 48 h; (d) 6 mol-L~" HC

1.2 E#&ER _

0~ p— RS A R SRR O 1
MM EBEEPRERAMIBENGS, =0
FEH—SHRGAHBHRITT - RME. HEH LK
WEFEEEFR 4 2P, HIEIE 1:3:4(8
IR DR v KR Y 2.5 h ik EFEBR B, A
AR, YA T 80, AR, Ad/ P
BEMEEE , Wi B 7 N PR A A T BE T, R B
HIW. ERETEE TR, A HEER R, ™
#H % SOCT .

(5-S(ZEBRAEPEER) - 10,15,20- (4 -
MEAEEE) JONBK (p - tiPyPPE) F* % (2% ) Anal. Caled
for CysHy3N705: € 75.10, H 4,58, 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, B -
pymole) ,8.95(m, 6H, B - 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,0CH, ) ,4.44(q,2H, COOCH,) ,
1.26(t,3H, CH3), - 2.92(s,2H, NH pymole) vpp:
3318em™ ' {m, NH - pyrrole) , 1756cm ™ '{m,C—0).

(5-4B(ZEHBAEPEEE) -10,15,20- (4-
WERE ) AR WE (o - wiPyPPE) P % (1.8%) Anal.
Caled for CysHisN;05:C 75.10,H 4.58,N 13.62; found
C74.68,H 4.58,N 13.23."H NMR (CDCl;, 300MHz)
5:9.09 (s, 6H, 2, 6 - pyridine), 9. 01 (s, 2H, B -
pyirole) ,8.87(d, 6H, B — pymrole) , 8.24(d, 6H,3,5 -
pyridine) ,8.,02 (d,1H,6 — phenyl), 7.81 (m,1H,5 -
phenyl), 7.44 (m,lH,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 - pyrole) vpm:
3317em ™' (m, NH - pyrrole)} , 1756 em ™' (m,C=0) .
1.3 £RE&sWHER

£ IR IR B4 RR B A7 3516 4 1L, 2 DMF 3
Wi, HIGIR & R RS BR L 5 0 Mk7E 80°C L GE, ¥ St
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BN, AFIE 54 (Cu 3h,Ni 12h), R 5EL )5, &
FRIAK, HEGRR kS TR RESERK
HEEE A, 2 CHCL/CHOH Rk B 7, e 3 &
HOBEWRS, MAOTHRETIE, WESR . EST
.
[5-F(ZEREFEER) -10,15,20- (4-
MiewE ) 1 ohBEBR (p - iPyNi) 72 % (80%) Anal.
Caled for CysHa N;OuNi: C 69.68, H 4.00, N 12.64;
found C 69.29,H 3.89, N 12.29. '"H NMR (CDClL,
300MHz) §: 9.01 (s,6H,2,6 — pyridine), 8.87(d,
2H, B- pyrrole), 8,73 (s,4H.B - pymole), 8.70 {d,
2H,8 - 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,0CH,), 4.40 (q,2H, COOCH,), 1.42
(t,3H,CH;). vy : 1755 em ™' (m, C=0).

[5-P(ZEEBEFHER) -10,15,20- (4-
MoE )] AR (o - wiPyNi) 7= % (80%) Anal.
Caled for CysHsy N;OsNi: € 69.68, H 4.00, N 12.64;
found C 69.29,H 3.89, N 12.29.'H NMR (CDCl,,
300MHz) &: 9.04 (d,6H,2,6 - pyridine), 8.97(d,
2H,p - pymole), 8.81(s,4H, 8 - pyrrole} ,8.76(d,2H,
f - pymole), 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, CHy) vyy: 1756 em™' (m,C —
0).

[5- M (ZEBAHEAEKE) -10,15,20- (4-
nenE B ) ] A k4 (p - riPyCu) ™ # (93%) Anal.
Caled for CysHy N;03Cu: C 69.14, H 3.97, N 12.55;
found C 68.82,H 3.84,N 12.22. v, : 1756cm ™' (m,
c=0).

[5-4B(ZEBMBMFEHEE) -10,15,20- (4-
niteE &) ] ob k4 (o - wiPyCu) 75 38 (90% ) Anal.
Caled for CosHyyN;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 KIS B

Mok AR S RSB TFRA T, mA L
Brp a5 28 K 48 b, M, H5S TR, B
et it ey . .

(5- % (ZEBBEPRERE) -10,15,20- (4-
N-FHugnEs)|nhok(p - TMPYP) =% (95%).
Anal, Caled for CgHaoN;Osk - 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)5:9.49(d, 6H,2,6 - pyridine)
9.22 ~9.01(b, 14H,p - pyrrole + 3,5 ~ pyridine) , 8.20
(d,2H,2,6 — phenyl) ,7.46(d,2H,3,5 — phenyl),5.04
(s,2H, OCH;),4.74(s,9H, N* - Me), 4. 34{q,2H,
COOCH,). 1.33(t,3H,CH; ), - 2.99(s,2H, NH -
pyrrole) . A, (H;0): 424 (loge5.4), 521(3.2), 560
(2.9), 645(2.7) nm. v 3317 em™!' (m, NH -
pymrole) , 1756 cm ™' (m, C=0),

(S-4B(ZEmEPHER) - 10,15,20- (4 -
N - A0 nE ) ] 0hME (o - TMPYP) 7= % (919).
Anal. Caled for CugHpNyO3 15 +3H,0.C 48.04,H 4.00,N
8.17;found C 47.58,H 3.92,N 7.97.'"H NMR (DMSO
— dy,300MHz)3:9.44(d,6H,2, 6 — pyridine) ,8.96(b,
14H,8 - pymrole + 3,5 - pyridine), 7.79(m,2H,5,6 -
phenyl) ,7.34 (m, 1H, 4 - phenyl), 7.23(d, 1H,3 -
phenyl),4.68(s, 11H,N* - Me + OCH, } ,4.24(q, 2H,
COOCH,), 1.26(t, 3H, CHy ), - 2.86(s,2H, NH -
pyrole) . A, (Hy0): 423 (loge5.4), 519(3.2), 557
(2.7),585(2.8),645(2.5) nm. v :3315 em™' (m,
NH - pynole) , 1755 em™!{(m,C=0).

[5- % (ZHEREFHEHEE) -10,15,20- (4 -
N- REatmE)] obksR (p - TMPYPNI) = %
(89%). Anal. Caled for Cy Hyg NyO3Niky * 3H,0; C
45.90, H3.66 , N7.81 ; found C 45.56 , H3.60 ,
N7.72. 'H NMR (DMSO - dg, 300MHz) 3; 10.54 ~
10.22(b,8H,B - pyrole) ,9.47(s,6H,2,6 — pyridine),
8.91 (s, 6H, 3,5 ~ pyndine), 8. 05 (d, 2H, 2, 6 -
pheny), 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,CH;) A, (H,0):420(loge5.2},533(3.3)
nm, vy : 1755 em™{{m,C=0).

[5-$B(ZEREFHEL) -10,15,20- (4 -
N- B E)] bk (o - TMPYPNI) = %
(92%). Anal. Caled for Cyg Hyp N;O3NiL; * 3H,0: C
45,90,H3.66,N7.81;foundC45.61,H3.59,N7.69.
'H NMR (DMSO - dg, 300MHz) 3 10. 24 ~ 10. 12(b,
8H,B—py-m)le),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, 1tH, N* — Me +
OCH,),4.24(q,2H, COOCH,) ,1.27(1,3H, CH3) . A ;e
(H,0) :418({loge5.3),533(3.3) nm, vy : 1754 cm™!
(m,C=0).

[5-*(zZ\BEPEHERE) -10,15,20- (4-
N-HBRuimi)] oo (p - TMPyPCu) 7= %
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(90%). Anal. Caled for Ce Hyg N;05Cul; + 3H,0; C
45.68,H3.65,N7.77;found C 45.35,H 3.62,
N 7.67. 2, (H;0):423(loge5.3),548(3.3) nm. vy
1756 em ™! (m,C=0).

[S-4R(ZEHBEFHEEL) -10,15,20- (4 -
N- P R)] B4 (o - TMPyPCu) = 3
(92%). Anal. Caled for Cyg Hyg N;OsCul; + 3H,0:
C45.68, H3.65, N 7.77; found € 45.27, H3.54,
N7.71. A (H,0): 423 (loge5.3),547(3.4) nm.
Voax 11754 em ™ (m, C=0),
1.5 EXM[7b] 77 R TRE AR

[5-*(BEPHEEE)-10,15,20- (4-N-
B R aE %) 10k ( p - TMPYPC) = 3£(90% ). Anal.
Caled forCyg HagN; Os ;- 4H, 0: €46 .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 ),
9.22~9.01 (b, 14H, B - pyrmole +3, 5 ~ pyridine},
8.20 (d,2H,2,6 — phenyl), 7.46(d, 24, 3,5 -
pheny]),5.05(5.2H,‘\')CHQ),4.74(5.9['],N+ - Me), -
3.00(s,2H, NH - pyrrole) . A oo (H,0) : 425(loge5 . 4),
522(3.2),560(2.9),585(2.9),645(2.7) nm, vppes
3316 em ™' (w,NH - pymole) , 1733 em ™ '(m,C=0) .

[5-4(BEPEEE)-10,15,20-(4- N -
BB e 2L ) 1P (o — TMPYPC) =% (91% ) . Anal.
Caled forCyg Hyg Ny O3 13-4 H, 0 : €46 .42, H3.87,N
8.24; found C 46.13, H 3.80, N 8.16. 'H NMR
(DMSO - dy, 300MHz) 8:9.46(d,6H,2,6 - pyrdine),
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 - pyrole)
Ao Hy0) 1423 (loge5. 5), 520(3.3).585(3.0) , 645
(2.7) nm. v, :3315 cm™'(w, NH - pyrrole, 1733 em ™!
(m,C=0).

(4 - N - IE7I 20 0 5 ) 1h Bk (TPPyP) # 30K
(9] B FIE.
1.6 HRAE

EB- DNA R AR KAIR. A—RIANERA
2.1x10  mol- L "EBAI3 .4 x 10 ¥ mol- L'
DNA B HHP , A 9 BE A9 np ok, S22 30 min /&,
WIHIEER . 7 3.3 % 107 mol+ L1 ) DNA B
g1, AT Rl B E b o, 2 RE 30 min S5, A B

BRI, B TR SR, &%

BAR/ME, REFHE . M . % DNA R
BHE, AR 1CTH — K Apfi, B EEER 2

emin, #F BB SRS
2 HERGWL

2.1 ApERT EB - DNA e %R A 8RN

BALZE(ER)EN— TR ESFHTHEM 2
F BETTHIEADNANYREBREATBEN
6, R M EB & & R RBME N, YA DNA
EHHXBEHE INF EB M DNA bR kR
DNA BRFEM A i, 2% 06 B E AL . 14 EB X —
#505 T F EB SR L HR4H LT DNA BI45H 5 — &
Ff EB - DNA 35 % = 10 A R3] 3 B b ok, A 28 36
WE F,/F MUMREEER, LE LLIRBEEHNE
KB RER IR BESRERRIERK, F/ F 5t
BRAMEEEFASBER RIVFBERBERE
LM RE i, B E AT EB 3% LA
AR Bk, BATIA N, A ST B AR 5 DNA
e me .

30

251

Oe+D ]e—lé 2el-6 3;—6 4e-6
Cp/(]'l'l()l'L-l)
M1 FEWRBEAONHI EB - DNA 3 EHX
{ Fy/F vs Cp)
Fig.1 Fluorescence quenching of EB— DNA by different
concentration porphyrin ( Fo/F vs Cp)
@—o0 - TMPyPc, &—p - TMPyPc,
B—o - TMPYP, ¥—p - TMPyP

2.2 BFREIRALR

B e TR 7E pH="7.4 B Tris - HCl i
BV P ([ DNA WX ]/[ubs ] = 60), F HP -
AR UV - vis LW E . MR EREREAY S
DNA E IR E Soret ##E AR BEMLABMMA,
W3 1. 5% FE % IE A bk # 5 DNA BY
BEMIER, TS DNA BM R4 B,
BIRUFHIF RS » i FRREE L Z 8. & FAFwH
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B AT KEETH RIS RESHE R K-S DNA K6 929

W FE 30 b A B AR 17 B A% o L 38 1oz AR IR, 7 B sk
X, DNA fEFRBLMRES . A7 LA, X LB FS B 408 B bk
BERSMRANOBERMEHT,
2.3 RNESTHR
BREFZHAZF IR (4- N - B
H)URE (T™MP4), B (3 — N — B E ol 0 &) Ap BE
(TMP3} 5 CT DNA MEME S H RN ERA 1§
St - T Rk 5 AR BGERE A R, TR A
EB Sif5#4r 55 DNAMESE &, WE EB H%
FEREE R BH RS DNA M RML &
B LPE BT T A T R DR AR IR
ABRS DNA fE RS E. A e, RATR AW
FEMhMES DNA M RMBE A HH . E 1 EREH.H
HEHEBNT 3%x10°~3x 10° Lomol ™ "2 00, XA

floff & 45 A9 2 LU0 ok 5 DNA B9 25 & M MOH 1, 3
w7 SAR B P 43 5 B B 4 2 BDUAC B I by 2
K, AR BAEURIKE 248 5B TR HR S
Bt
2.4 DNA BB TR EIERTR
BERAKER DNAWEENHES . X DNA
5254 KA 55 AR AE BT, DNA B DU BE 55 14 38
mEE, FHEEE B AR EESEHE
SBFHES E  DNA A AR B R R B G B B, AT
3 DNA 525 /E R (S 8. . 00 DNA # AxofE R
RIS 4k ([ DNA B2 %t /[ R8k] = 60), K 73 DNA
s S ER,ERITER AL L BB &
20°CHE R, HXTREBE (n/ 50 B R {8 ([DNA 4L
X 1/[ubwk]) B 2L B 2 BT .

®1 KS%5DNAEARE
Table 1 Interaction results of porphyrins and CT DNA

Parphyrin Buifer A p/nm* A} /it H(%)" Kx107*/(10° L-mol " !)¢ AT/CE
p - TMPyPc 425 ] 11 765 = 56 0.8
o~ TMPyPe 423 4 4.2 330+ 23 0
p — TMPyPCu 423 5 16.6 2760 + 230 1.6
o - TMPyPCu 423 4 7.7 1280 + 118 1.4
p - TMPyPNi 420 7 35 2910 + 245 2.5
o — TMPyPNi 418 4 21 1940 + 154 0.5
p— TMRyP 424 9 19 2270+ 198 1.0
o - TMKyP 423 5 17 96+ 77 0.3
TPRyP 424 8 25 3324 + 280 2.4

() 0.1 mol*L~* tris — HC1,0.03 mol-L! NaCl pH=7.4,(b)0. 1 mol-L"" tris - HC1,0.08 mol-L~" NaCl pH=7.4 Cpny base/ Cp=60,(c) 0.1 mol:L™"
tris - HC1,0. 1 mol+L ' NaCl pH = 7.4, H% {X %Ul#k 5 DNA fERTE H: Soret HATM A H L

100

O aT -

98 - L]

971 A u

Mhrg(X100)
»

96 I L

95

94

01 23 4 567 8910
R(X1000)
B2 DNAHIXEE p/9 W RENSEE
R = Cp/ Cpry¥E 0.1 mol-L"!
tris - HC pH =7.4,0.03 mol*L~NaCl

Fig.2 Variation of the relative viscosity of DNA with R
@—TrPyP,ll—p - TMPyPc, A—p - TMPYPCu, ¥ —o — TMPyPe

HREW, RS A BS DNA /£, 318
K SRR 2.5C; BN BB AR (4
- N - B E ) nf ok [ TMPYP(4) | R (3 - N - !
ol nE 2 ) ko[ TMPYP(3) 151 &2 CT DNA #5EEFA 5,
MESIE DNA MK R T % 1 SRFWRE
nhek 5 DNA AFFEHARAER.

HERA IR & MOk DNA TERIA T
JLRE R, (DRAHERARR, BEBAERXHS
WEREE WMAKAEERE S - CC-3 - BERT,
SHERFERITE AT MEY KERK, 1 TMRP(4)
CuTMPyP(4); (2) sFERfE AR, In TMRYP(2), ¥ B
A SHEENGAE ATERN N
KOs6].(3) — A B EAKPHERRBER S
T 7 DNA RiE & £ L BRFERIT]

MhHkS DNA RAEBABRGEEEUTILE S
HHE (D IMRB A B AT 15 om, MEBRT 35%,
Q)ERKMEEFATCIEEAR log(7/7,)/log(1
#2R)> 1.1, R = Cp/ Copa tase) - IR IEINBES DNA R
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EHAEHYLENE, LEAERINTOSBRE
T AR BE & A nh sk By K B BUE A Bk, RATIA
hr ik e A I MR A Oh I 5 CT DNA R, T2 £
SHRENEENESE DNAM/DE ATEERR
SERTE R, AU (4 - N - Ik nE ) np o
BW(3- N- HEMEE) RS DNAVERL, BiEA
MABEIBESER.
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