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Several kinds of compounds available as model systems to investigation on metal-metal interaction in metal-
loproteins and on interaction of aromatics with nucleobases in arene intercalation to DNA were synthesized and charac-
terized by spectrometry. Double and triple layered porphyrinophanes linked with 1,1”- or 1,3-disubstituted ferrocene
moieties and their iron and cobalt complexes were prepared. Stabilities of their oxygenation complexes depended on
bridging mode, lengths of alkyl linkers, distance between metals, and feature of hydrophobic cavity. Ferrocenophane
derivatives in which nucleobase and aromatic hydrocarbon (naphthalene or anthracene) moieties substituted to their cy-
clopentadienyl rings in a stacking mode between the two chromophores were synthesized, as a model system of intercala-
tion of aromatic condensed-ring hydrocarbons to DNA. Characterization of the ferrocenophanes by spectrometriy and
molecular modeling suggested that these chromophores interacted due to NH-7 hydrogen bonding and #-7 charge trans-
fer. A number of porphyrin derivatives covalently connected with a nucleobase or a nucleobase pair in a face-to-face
mode between the porphyrin and nucleobase moiety were synthesized. The spectroscopic behavior of the derivatives in-
dicate a greater affinity of the guanine-cytosine pair for porphyrin in comparison with the adenine-thymine pair. These
results are compatible with the already reported spectroscopic and kinetic properties of mixing system of DNA and por-
phyrin derivatives. Moreover, the fluorescence spectra of the nucleobase-porphyrin derivatives gave a piece of evidence
to cause DNA cleavage by photosensitizer via ‘‘type I’ mechanism, in which direct action of singlet or triplet state of
photosensitizer excited by laser irradiation brings about damage of cell or DNA.

Key words——nucleobase-porphyrin derivatives; photosensitized DNA cleavage mechanism; ferrocene-porphyrin
derivatives; nucleobase-anthracene derivatives
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EZALHN. 51, FNSBEMTLEMIEIZD
Wl EEEME D TRBP2OL DB L WMEIELT
DHfFb RN

NIV T7 4V & LTI, 5,10,15,20-tetrakis- (2-
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®HZEICLE A7 I RERIEICED1EY
T OV BRI ERE L, £DHFT
BOHWRENES N2 DL, n-BuN FHE R 2-
chloro-1-methylpyridinium iodide 12 & % /%19 ThH
27ZDT, BBUNRINZEZHWTAKLE. 105
S54OY I ) EOHMMNAENENIZEZ>TNVD

5,10,15,20-tetrakis- (o, 8, o, f-2-aminophenyl) porphy-
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Synthesis of Ferrocenoporphyrinophanes
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Table 1. NMR and Electronic Absorption Spectral Data of Ferrocenoporphyrinophanes and Their Fe (III) -Cl Complexes, and For-
mation of Fe (II) Complexes

. Fe (I11) -C1
Ferrocenoporphyrinophane (M=H,) Fe (II) complexes
complexes
Compound . .
no. n IH-NMR® BC-NMR?® Absorption Reduction Absorption
bands® Base bande-®
CH,? Cp-ring Pyrrole CH,? Cp-ring (nm) agent? (nm)
4a 2 0.80(4H, m) 1.33(4H, m) 8.70 & 8.88 23.83 65.83 418, 513, 586, aa/) 1-MeIm#® 533
1.55(4H, m) 1.64(4H, m) (each 4H, d) 38.55 66.86 654, 682
84.64
4b 3 0.45(4H, m) 1.68(4H, m) 8.76 & 8.88 25.45 66.28 418, 512, 582,
1.10(4H, m) 1.94(4H, m) (each 4H, d) 27.24 66.87 654, 682 aa 1-MeIm 536
1.55(4H, m) 37.22 86.01
5a 2 0.90 (4H, m) 1.53(4H, m) 8.76(8H,s) 23.93 66.03 421, 513, 580, aa NH; 534
1.55(4H, m) 1.81(4H, m) 38.84 67.00 652, 685
84.84
5b 3 0.50 (4H, m) 1.81(4H, m) 8.80(8H,s) 23.77 66.52 422, 513, 582, aa 1-MeIm 535
1.10(4H, m) 2.17(4H, m) 27.47 66.93 656, 681
1.55(4H, m) 37.39 86.24
6a 2 0.55(4H, m) 0.20(1H, t) 8.75&8.90 24.60 65.17 420, 515, 583, NaBH, 1-MeIm 543
1.25(4H, m) 2.90(2H, d) (each 2H, d) 38.98 66.75 655, 683
3.35(5H,s) 8.78 & 8.96 68.46
(each 2H, d) 85.30
6b 3 0.27(4H, m) —0.02(2H, d) 8.75 & 8.89 24.42 63.70 418, 510, 580, NaBH, 1-MeIm 537
1.18(8H, m) 2.46(1H, t) (each 2H, d) 26.83 66.46 652, 680
2.82(5H,s) 8.81 &8.96 36.40 68.28
(each 2H, d) 85.19

a) In CDCl;, 6 value. b) Methylene group combined with ferrocene moiety. ¢) In CH,Cl, d) In CH,Cl,/H,0 at room temperature. e) Only charac-
teristic band is shown. f) Ascorbic acid. g) 1-Methylimidazole.
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Fig. 2. Ferrocenoporphyrinophanes Having Picket-Fences
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J7OE7 4+ 7 HOHAERZRFT 27200 RNE
FIVRIZRDEEZSND. Thhbb, 7ot/
7 v > &EAREE (building block) & U THiEHE
HEFERZHESITNL, W& OMHEERZ B
9 I DI85 (Fig. 3).
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FHEHD< S, (1) FEREL TEET IR E
LTFHIZ L ERAWTHEKRL, X7 > hIk>
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EiiE 313 Kumar 52 O#ERMNS, L0HATT
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ZDEZIIMIOHDTHD, 513 Cp BRFELD
HHEERZFHT 20, Fx OEEIEEMNTIcXD
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L7z, BN ER I NAbaWE T 75 1L R Tl

.............................. 1 3
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Fig. 3. A Schematic Presentation in Modeling of Fer-
rocenophane Derivative Combined with Both Nucleobase
and Aromatic Ring in a Face-to-Face Mode
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Fig. 4. Synthesis of Nucleobase-Ferrocenophane-Arene Derivatives

(photodynamic diagnosis, PDD) & UNi&#E (pho-
todynamic therapy, PDT) 2829 23 23E T H 1994 4
WWHRRIN (—BREBRINVT—F M) TL), £
& U TR E DRI H W S N BRI 7R pliE &
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LIRS Ui WERIE 2 R 2 &IT k5. 2
DRI DOEFIMEZ, B IR ORI & THEE
Z#0IKY DNA EDOBWHAEREL TES A,
ZDNETE L DELEFNTRILV T « U ZFEERK
Bz D4 @A & DNA & OMEIEMZ A7 K
PEFNTFEZ AW TRET L, WHE 05RO E
EHTAHIEZEZHSMNIL TS, 03 Fil 21X,
Fiel 52 1%, RV 7« ) 2 FEKICH N DNA %
A, YRWCKEE DI, Soret # (400 nm £ DR
W7 14U A OFRNRIE) DOWSERE DI,
CD O EZ2BHI L, Pasternack 53¥® |3 E&EE
58 AMIED Z-DNA TRV T 1 U 8RNI
T5HELELEZDBDNAANDEZIELNEISZ &
EHWELTWD., £z, —RIZRILT 1Y > OR
U X7 LFF RITKT 2B poly (dA-AT) &
D % poly (dG-dC) DHMNHEN I EHREINTWND
(Pasternack 5,30 Marizilli 539) 2 5 O #ER»

5, RILTAUMDNAWZA Y —hHL— 3>
THIELFMEEIN, FIIFT7Z— h ot
Uy FIREDPITHALDTWEHEE SN,

L Lisns, Zis ofimidng s DNA X
AR X7 LAF REREOREGMIBERD AT N
YN S BGGRNICEEZZL2bDT, BTl
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Wd7sihotz. iz, ERGFEHS TEITHKTS
HEIORASH>T, HEEAOARZICEDH
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A RIC R E > 72 RERKE L, T DAY
2L T 5 & Fig. SOERDXS1272%. DNA
NOFEEHATSZ YO B> IR E TE S0 E

FICHBT2 ETHUIRIV T 1+ U > EEEE D —Hiff
(U >—HE—HE) 2HaS8bemsrns.
LAL, ZNIIEAKROEL S HH D, HHHML
RDOLMO U AHENEHOARENHS NTRD5E
HbHHTEHEELT, RADETIVRITIE, Kk



608

Vol. 121 (2001)

S: Sugar (2-deoxyribose)
P: Phosphate

A: adenine

T: thymine

G: guanine

C: cytosine

Porphyrin deriv.

(a)

(- Q

Purine base Pyrimidine base

Fig. 5. Intercalation of a Porphyrin Derivative between the Base Pairs of DNA and Schematic Modelings of the Situation in the Inter-

calation

HHM EHFEROAIER LM O 7 + 7 OHA
ERHZBHS NI TESR%2EAEZ. /b5, Fig.
5D () TRLUELDIZ, Watson-Crick BIT2E57
B —kt OISR DRI 7 U B & face-
to-face TEHR D HA D KD ICHKFISNLEDOD
HEEZFE L 2D TH 5.

TNOHMBREARL TEOYHEEFARTES
N5EME, 12— —2a>z0bDeHEE
THIEZRBERBRNIZLTS, FADEEEER
Tt EIRT 2720 OREENRT—5 25 2

53T TH5. £, TS EFIRIIEEHEL
THIZ— U RBRENEE 25, H¥) 0 HRYL
ST B RIZRISHICHEL S 5 AlEEE S & 5.

FTOEDBBRITIE>T, RITRTLIIL, &0
HATIIDNANET 2 4 FOKBEIEENMES Lz
L&YW OGN SEEE L 7.

31. TLFLTIE - U A—(CLDBEEER
—RLT7 1) FEEOEHR AN T EE
L T §,15-bis (2-aminophenyl) porphyrin (16 & OX
17) ZHWA5Z &1L ZRIZEY I/ HDOHM
WKEDLKT>F, 2207 a7 R IEKRND D0,
B - RS R EEIL 9 T Chang B39 23 fENL L T
Wiz, s FEROBRNS Y 2 F%‘*A{EU%LCJ: D%
B zfiaIdss, HHOMEIZTSIZIEIAT

l/‘/%‘ébi n=3 X3 4N HEHTH5Z &ﬁfibﬁij

o RS TR SRR R TV R BRI EAR (15) 1
%hif%ﬂbhflﬂf:&“ﬁxiﬁ%@ﬁﬁﬁ“o 55)7&’:&5’}
BHOETHEKRLZ.

BRIV 700> (16) &7 F = Bk HEAK
(15-A) OFULTI, 7 RERDOEED 1 DTH
% N,N -dicyclohexylcarbodiimide (DCC) #LPHi:E%
A3 EDBOEBIEE—RIV T ) 2 #EAR08)
ZHZ-. UL, ZOKIRIEi-Pr,NEt/Py-HCI
% H: 77560 X & T carboethoxy chloride (CET-Cl) X
I carbobenzyloxy chloride (CBZ-Cl) 7% T X
Y B ENENKEEIC L3S 2 EnbnD, Dgk
AN Z OOBHIZ Y, WRZMARPNSHES
#{1>7=. Figure 6 IZ/;RL7=LDIT, 4T XTOD
BRI DWT Y > FRIOE / HHEFEMARZ SRk
[/7’:. 57—59)

¥z, INSOFEEF->-TYF2ETFIVE
BBSIICHE G S|, 2 DD EZEET ST > F 1K 20
R 2GR L (Fig. 7). ¥ 2 RMEKT
i, Bikd5E51C, 7T EF I UNEENE
FEHRLTWS ZEAH-NMR K0S MITEh
T N R ERT DHERD AR

ﬁ&bh 2 DRINEITO I, 72F, P
EREIZWTNDHZHOAERM DIEGM E 720 HY)
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} e
2 t
B— ) BriCH)n B—(cH,),.coorl
3) aq Ba(OH), or aq HCI
NHz
k %M) Z%Tﬁ) |>mx
R.C.
+ 15
(a), (b), or ()
16: anti an=3 18: anti
17: syn b:n=4 19: syn
Z=H, CET,CBZ
R.C. = Reaction conditions
(a): DCC/Py - HC!
(b): CET-Cl/Py - HCI/i-ProNEt
(c): CBZ-Cl/Py « HCI/i-ProNEt
Fig. 6. Synthesis of Mononucleobase-Porphyrin Derivatives in Amide System
(CHz);—A
0
NH
1) BBI’3
18a-A
8a 2) T-(CH,)sCOOH W, m \ /)
(z=CB2) R.C. (b)or (c)
HN
0
20 T'—' (cHz)s
(CH)s—A T—(CHy)s
(o} (o)
NH HN
1) BBr: 1) BBr.
19a-A ) BBry &) $ ) ) B8, 19a-T
- CBZ 2) T-(CH,);COOH 2) A-{CH,);COOH 7 = CBZ
(z=CB2) R.C. (b)or (c) R.C. (b)or(c) (Z=CB2
21
Fig. 7. Synthesis of Bisnucleobase-Porphyrin Derivatives in Amide System
See Fig. 6 for R. C. (Reaction Conditions).
FHETERPSEDT, F7 22— b oxtis TIVR B ET 2 2 DA IR ENNITHEE T,

KD ARITRICHRRD T —F)L - U > H1—IC Bl 0 %<0, Lizho TIERN R
BRIEIC LS Tiro 7= WWEWZ ETHhD., B/ REHG2IC13S L2508
PAEDFEBEARDZRT MVNIHBTE LD THRNS, 30y, MEEREE T2 EREGKRT 5 DI
32, TLFLIZ—TIL-)>h—(C&DEEEE BT, F7=Z>—3 by U FERNESNT
—RILT 4 ) BEEDAKR U EOT I R WERWDOHZFDEDTHD. B 1 DOMESI
GHFEROHHIC2DOOMERNERSI N, 1 D13 MBI RV T 1) 22Dl (U h—)
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DIRTCIZT 2 REGND D721, (IS Bk
5 ZTHEFEOm < HazEfsl L TUE S afaedn
HaD. £, 7 RIMENESKFBEESOHTF L&
LTE<DOTHEBREREXEMAEERT SN LNK
W, ZNSORFIINTNOROBRWEENET IV
RELTHELNWTHAD.

Z T, BREOSEE®IZY >l — & S HI8H
AT T 2R T—F )V G TR AL 2 D
BF7=XZT7IVTER 23) 2HW, PEUILA

CAER (22) EEERIVT 14V CRBRKIGE
152 &IT L7z, 0062

2313, YUFITITFEe REDTOETIVA Y
BRI LATRIGES Y, o7 O0BKER
Mg 2 NaH XUIREE D) U LT L TH SN
2. PEUINAY > EDH YT VT RnZE, —E
MHOBBIEE—X> X7 )5t RE/HW, p-TsOH
XA RY 7 OO T p- 7 05 =)L TEAL
?é& ﬂm?éVﬁmﬁﬂ%®7>%(%)&v

> (26) MNERFICESND. ZHUTEBEBRDONR DX
YthFQMKT%<t T/ HEAK 24) BAE
I 5., Fh, TTZCKRUOFICO2EHON
AT7NTe REHEIRTIEUIAY Ay T
U RINETTD &, HEEENEZET ST TR

CHO CHO
0-(CH,),-B
BYUAE @ + @
(.
22 23

(CHz)n—B

(27-AT) &3 1k (28-AT) »E51 5 (Fig. 8).
7Y =, ¥hIRTHRKEIC 27-GC & 28-GC
MWESNDMN, 77 MY % 2-amino-6-
chloropurine (L\'FZ7 oo~y >) 2L THNWTH
/7U/7éﬁ T ORI ThIARSRL T 7 =
JICHEE L APINRIIE N, 2 OB
ZT7INTEe ROKy T ) T RIRT, HERLDOK
FREEITRO D AROERDELT D Z L2 MRFL
M, EBREFI O ET OFIRFT 11 TAERKRL
. LU, FA—E\EOFHFEMRID bHMEENZ
%9%§W@W$®ﬁﬁ#@0£@ot
:m’ , BERITRTOMAGDE DK
T»74U>%§%# bm AL N O
@Eé@ﬂmé AERDYE IS 5 N5 A EkiE % il
MTBIENTE. @“'\'C'Cbif;m%ﬁ)(?l//{ﬁﬂ
HOEI N n=4,5,6 OFGKREAKRL, TOES
EARY MIVEFHORFRER L. 25 2
FERICEZ A Y ML DRI R BT
DA X7 a7 B M AD> >, T T
DIFEIX, '"H-NMR IZB1F 2% ZKRILAXRY MV
NOESY OfEfTic L DTz, £, BB IKE
ARG EDHFENIET, HKEBEEEMREOSE
PN D NMR EERICE D > RO EN LI N

1) p-TsOH or Cl3CCOOH

(CHz)n—B

2) p-chloranil

(CH,),,—B B— (CH2)n

Qege
3353
TR

oo

B, B', B2= Nuclecbase
(see Fig. 6 for structures
and their abbreviations)

M=HorZn

(CH,) —B'

B- (CHz)n

(cnan BL1CH»n

Bz— (criz)n

Fig. 8. Synthesis of Mononucleobase- and Bisnucleobase-Porphyrin Derivatives in Ether System
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7o, IHIT, FEMNIENET 05, (LIRS %
ETRLGBIN— Mk DGk EilA, L5 H
BAO—IZRDIIH 72, FEAEDHFEARD
WG REZ LR T 2R a5, &

BB, TS OLEWT TR LR THLBRZE
WL EWITR DT, X- Bifs RT 217 5 X< B &
DIERRZE A, FASNDHEELDFHEE T T T
S THEMHES N TEDDOAT, HIE TR B
BEsNBNho .

ZDXDITFig. 5D (a) DFE—HREDBNHIRE
ETFIMEEYOFERT X TOMAEDENE SN
eDT, BEEEMMEESNRILT U 2% BT
MBS EATZIEO Fig. 5 @ (b) IZxR T 558 AR D
EFINREREIT D THl. HEEEEISA BRI
Kt UKD TIRMRENRWO T, It 4 @G L
G N R RENME T 5137 TH S, AT b
IVRITE T Z 2 K O IR IR MRS 2 fEfR 3 5121, KM
TIFNEEZLZEEGLTBONK W, FIT,
n-~NFINEERINT )OO —)LERIC 4
A, TzZIIVEZ2AEESEL I LIILE &
B, BEEWMREU TRKBEEOFERZBEL T
72DOT, ZNIIGHATESZE%2E A, 7xZI)VK
ANDTINFINHEEART—FIEEZEZNLTITD Z
Lili., ZOREZEHBLL TBHE, KEEzE &S
DEZRYIL—=FTIETIVFINREONDOVIZEAT S
DREGHICIRDEEZEZZDTHS. BARMIZI Fig.

IDLEM 31 ZHIEE L 7=,
SIOEWRAMBOH LW EZ2TFHIL, TR
BMICINETOETIVRIZTIVFIVEEZ A /-
20 L3025 L THTMS, ENEEMITHES Z
Tl 20T FINHENFIINREICEZA LY
EUNAZ D E 23D F/IcAFIOFIHE
AL EBERENX S X7 )VT b RiBEKZE SR
U, MFEERIVT 4 U BRI Uz, 2Ok
R, 29 T3 4 OB EFELAR, 30 TEY > F, &
SHITTZUROY MY UEBRERRTE.
N A7 IVT kb REBsr T R=0CH,; & 755 AEK
DERLDENT U R HIIETE TWiangl, R=
H DU AKBEL - N> X7 )VT b RiFEkIE
S5NEDT, INETHEIANFIUINZPEUINAST >
EDHhy T T EITWY, 31(R=H) @ B'=B*=
Cytosine & U} B!=Cytosine, B2=Chloropurine % i&
KIZERR T B T EMTE =, 0469

3-3. BBIEE—RILT 1) CFERODHFH
HE ZDEIITL THELN-LHEOKIEEIL—
IV T 4 U BRI D TS 5 NMR &Y
AR MIVEBZ DT, UTFICEEDTRRT 5.
(a) 'H-NMR X7 M)l BFHEROKERE
7O OFES T SEMRT LTIV FIL
FEAREHW U T hEZE Table2 & 31ICEED
Tl &/ HEFEEK (18,24) @ 'H-NMR
T, WIhoE7or o sRIL 7 1) VBROK

(CH,),—B'

B, B', B2= Nucleobase
(see Fig. 6 for structures
and their abbreviations)

R =H, OC¢H;s

0
CeHia  CeHyia
BZ-(CHp),

(CHo);—B' B%— (CH,),
(l) CgHiz  CeHys (l)

31

Fig. 9. Polyhexyl Nucleoside-Porphyrin Derivatives and Porphyrins Having Two Mucleobase Pairs
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Table 2.

Chemical Shift Differences (46) of the Base Proton Signals of Nucleobase-Porphyrin Derivatives in Amide System from

Those of the Corresponding Reference Compound (Ethyl Ester of Nucleobasebutanoic Acid 15) in the 'TH-NMR Spectra in CDCI;#

Compound Purine moiety Pyrimidine moiety

No. n Z 1-NH 2-H 8-H -NH, 9-CH, 3-NH 4-NH, 5-CH;, 5-H 6-H 1-CH,
18a-A 3 CET -137 —-1.65 —1.35 —1.53
18b-A 4 CET -0.78 —-041 -0.38 —0.97
18a-A 3 CBZ -137 —-1.64 —1.33 —1.53
18b-A 4 CBZ -0.78 —-040 -—-0.38 —0.97
18a-A 3 H -139 —-1.63 —-1.36 —1.53
18b-A 4 H -0.86 —-040 -—-0.32 —1.05
18a-T 3 CET -1.72 —0.73 -0.97 —1.08
18b-T 4 CET —1.05 —0.56 -1.21 -1.06
18a-T 3 CBZ -1.72 —0.93 -1.19 -1.21
18b-T 4 CBZ -0.99 —0.58 -1.27 -1.11
20-AT 3 — -135 —1.78 b) —1.50 b) —0.66 -0.90 —1.05
18a-G 3 CBZ -1.30 -3.67 —0.22 b)
18b-G 4 CBZ -0.11 -122 -0.09 -1.27
18a-C 3 CBZ b) —-3.59 -—-2.17 -0.82
18b-C 4 CBZ b) -2.58 —2.27 —1.23
18a-C’ 3 CBZ —1.12 -0.81 —0.69 —0.66

a) The spectra were measured in solutions of ca 0.9 X 10~3 mol m 3.

Table 3.

b) The chemical shift of the signal in CDCl; has not been determined.

Chemical Shift Differences (48) of the Base Proton Signals of Nucleobase-Porphyrin Derivatives in Ether System from

Those of the Corresponding Reference Compound (Nucleobase—Salicylaldehyde 23) in the 'H-NMR Spectra in CDCl;?

Compound Purine moiety Pyrimidine moiety

No. n 1-NH 2-H 8-H NH, 9-CH, 3-NH 4-NH, 5-CH,; 5-H 6-H 1-CH,

24a-A 4 —0.46 —2.23 -0.52 —-1.79

24b-A 5 —-0.25 —1.83 —0.36

24a-T 4 —-0.79 —1.94 —3.57 —1.95

24a-G 4 —1.35 —1.11 —-0.72 —1.73

24a-C 4 b) —6.33 —4.85 —-1.73

27-AT 4 —0.08 —1.64 +1.51 —1.14 +4.75 —=0.13 —-0.92 —1.35

28-AT 4 —0.45 —-2.09 —0.57 —-1.72 —=0.77 —-1.97 —3.59 —2.12

27-GC 4 +1.20 —1.45 +0.76 —1.56 b) —5.86 —5.05 —1.96

28-GC 4 -0.17 —2.66 —0.10 —2.58 —6.49 —-9.04 —6.11 —1.62
+1.18 —2.33 +0.23 -3.17

a) The spectra were measured in solutions of ca 0.9 10-3mol m~3. b) The signal was not observed in CDCl;, possibly, due to broadening.

W RS MR R ZE 2T T, TIVFIURITHRTRE REYvF2T) TEMHSNTH-. £,

<@\ 7 b, Hifs@0ICEET O~ 2 0R)L
T4 U VEROMmEIEL TWSZEZRLE. T
DEES 7 MI/NENWHDTO0S5ppm, KEWVDH
DTIL 63ppm (TL—FIVRD b P FHERD
5-H) IZETH5H50dH5. Lrd, AFLHOD
HWHNEWHOLSICHNE#RE S 7 hAVKE
<, ORI NFIIN T 1+ VB EDEREZBEL
THO, MZ7OE7+7NERICERDEGS>TNVS

BB THIGL TWA 7O s> 2R THS &,
T EBETRIT 7207 T2 K0 b
LT MMREL, BUIDUERTIIC N 2O
HIMFIEDBTTENREN, ZLTC, HWIZ
AN 2R T FERTIEY T >—F I >
MEODHTTZo— " MO RE@ESES 7 b
MRELIZS>TBY, LEN> TEEFEDOHNRILT
AU BRICEELTWSZEZRLTWVWS, ZHIZ
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T7ZoE N ZHB IRV EEERIVT 1
J VERNKFR EDBVWKERZEDEBL TS DD
LHEESI N

I, T—TIRTHESNMMEENEET
57 > FF %ﬁ-‘ 27 T, EEEX OO0
5, KREBIESTSH7O0NNEHSES 7 FLUTH
w74U>%®£ﬁ@M%%xHTm5®Lﬁu
NH, & NH 7O k>0 OKEHS 7 F LT
WEHONEEIES N, ZHUIHEROKERE S DE
f%Tb 7 OFRIOWENSE A D & FRKE

ERICKDEB LTV EHEEI N (Fig. 10) .59
—%, MEEEEET S K (28) X, G-C,
ATHIZY >FHRKDBE#GS 7 bR EL, 2
D®ﬁﬁ@ﬁ¥mmf% LTWTHRILT 1) B
EELTWASZ Ea2RLE., 2L T, G-CxHb
BT AT HIDBHASNICERSS 7 R E
<, F>D5-HIZ9ppm DI T 2T B
EMHER I N

(b) BEBFRNARY ML HFEROETK
AT MIVIZBIT S Soret # (RIL T 1V VA
D 410 nm {7 OYINH) DI Z Table 4 IZ/R L
7z. Hypochromicity (RAZNE) XML HE K = Fr
WL T ) > ORINGRE E DR THD, Z

O

O

€D : Purine base

(L) : Pyrimidine base

(b)

Fig. 10. Inter- and Intramolecular Base Pairing in anti (a)
and syn (b) Bisnucleobase-Porphyrin Isomers, respectively

NNKEVIIZE, b BERIGRE DD MNEL W
FEMZOET 4+ 7 OHEFEHANKENT & &2 EHK
T5., WTNHEOFEOMEMIL 'H-NMR 1281
LEBEY T ROREIEIFENT LIV THH -

Ihabb, E/ELFENR (18,24) OEAMRIT
TIFEZY, FILXOBTTZ, PRI COEN
K&EL, AUBEETIIMBEOE N EHNKE W, H-
NMR THE¥2 b2 > OEEITREZNE T H [
T, b 2TRAY vF U « B— ROMERIE
HEOTNWBZEERB LU, £k, MHEEIEEH
EBRTIE Y R (21,28) OFNT > Fk (20,27)
KOO ENREL<Hobh, ¥ AROFGHRRIL
T4V CEREBENRSMHEMERL TS I EER
L, NMR TH#imS N\ EMO S FHKFERHEEIT

XA EZF L (Fig. 10). £/, [FkE
27 O FRDpFRKFEREG L TWD &0 HEGmIC

Table 4. Soret Band of the Porphyrin Ring in the Electronic
Absorption Spectra of Nucleobase—Porphyrin Derivatives in
CH,Cl,

Compound Amax e Hypochromicity
No. n 7z (am) (x10%) (%)

Amide system Reference 408 2.12 0
compound?

18a-A 3 CET 410 1.75 17
18b-A 4 CET 410 1.86 12
18a-T 3 CET 408 1.73 18
18b-T 4 CET 408 1.87 12
18a-G 3 CBZ 408 1.18 44
18b-G 4 CBZ 408 1.31 38
18a-C 3 CBZ 408 1.46 31
18b-C 4 CBZ 408 1.37 35
18a-C’ 3 CBZ 408 1.63 23
20-AT (anti) 3 — 411 1.65 22
21-AT (syn) 3 — 416 1.27 40
Ether system Reference 408 2.13 0
compound?

24a-A 4 409 1.84 14
24b-A 5 409 2.02 5
24a-T 4 408 1.99 7
24a-G 4 410 1.18 45
24a-C 4 409 1.90 11
27-AT (anti) 4 410 1.67 22
28-AT (syn) 4 410 1.37 36
27-GC 4 411 1.31 38
28-GC 4 409 1.11 48

a) 5,15-Bis(2-amino) phenyl-2, 8, 12, 18-tetraethyl-3, 7, 13, 17-tetra-
methylporphyrin.

b) 5,15-Bis (2-propoxy)phenyl-2, 8, 12, 18-tetraethyl-3, 7, 13, 17-tetra-
methylporphyrin.
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HFELRRWN,
EH7IFINEEZEGT S 29-31 DAY bIVZEH),
WD FEAR NN TR DR B0, AEN
EWTRWN,

DL sy 2N, TR RERIL T 1
> ERE poly (AA-AT) X D ® poly (dG-dC) @
FITEFMEATE W & D Pasternack 5305 Marzilli
S5MOWMELLL—HTEZHDT, EFIRIZELD
2 ORSTRmEMMNS B HFEIND Z E0HER
N,

BAREROHEREEARD AT MV ERPEL
7o, 06D (BN - HHIE RS S Nieh o 20y, BRI
HENHFEITEHALL TWT, BT LBHMY OERT N
SATFIZAY wFR 7L TNRNWT & &R T 5455
215 T35, Pasternack 530 134 &K D DNA
HAERABTARTNT, BEALTAAD KD RRE
(Zn, Co, Fe 72 &) SR TIZ DNA HEEMA OB X
MERBELTWEN, LOERIZIINEEMT S
bOEEBEZILND,

EDEDIZ, DNAIZA > &=L —%&—)fi
ALEGEO—Haa00HL, ZOBED &ITH
%bt%ﬁ%ﬂ,DNA%ﬁU?ﬁbﬁ%F%@o
TR NS NENEEZ X< KL, HifFED
SN AL %ﬁﬁ%ﬁé%?»%thf&i?
ZEMRENTZ.

3-4. BEEEE—AKRILT 4 ) FEKOICH
INS DLEWIZ OREDRREDOW Z TRV 7
4 V) I REEE DSRE R T B AR HE RE BE B D BF 5T 40 B
OWZRICRIH SN, EEARARZRMET 5 aEMt 2
RO, HAxOMEEToRD, TOOIBEEEEDO
HDERIZTDONTDOHRT .

(a) HERIEEDEAE T/ KEBEABENKRT
13, ZOWBELP IR T4V VEBOERIHSZ

EMHASNERSTZDT, b LUFDEIKRICH LG
EMADEKBREBICIVEHETEZTHAS. £L
T, WO F BRIV T 1V > ORI
EZTEWES 7 8T 50DT, ThEmidsZ
IR VB EROMIBRB R EEZ RT I ENTE
5. T, B/ 75V K0EZOORILA
WIRIZTF 2 IR BT AT )V %A T 'H-
NMR 2#[E L 7.5 ZOER, 7520073
EMOFIC>ONH 7O >ORBEES 7 b (%
%, 4+0.52, +2.20ppm) &3iZ, FI D5 AF

WHE6H OO &EWHET 7 (K4,
—0.11, —0.23 ppm) AEHEENZ. T72bH, W
HEDOMITRWKER SRS, TUTXDTF
SCOAEBRINT U CRECBMBZ LIRS
TR M ZZT-b0 LTINS, £,
HEREZES T D), FI2/T7TFZ200kEKR
ELTBHEST MINEL D, HE—RILVT 1V
CEDRBRSHENELLZSTH Y7 MEDLTS. 2
DEIIZ, KIFHEERICLDEHTHTOEEZE
WL TWDZENBHE N LIRSz, FI—R))
T4 ) HEEKRCIT T ANVKR BT AT IV EN
A THeLFRBEFNEN SN £z, 772
RO R UHERTHIFIFETH D 208, >
TFIINERD H 2 TWTIRENHS NIZ/R S TN
IS WMER B %,

(b) BEEEMNESARZRT IAIBRKREER
DORABFERNEZRI b MNERTFOMBHAIKED U JFE
JFHFEBCAIAS & M7 B & Z DIBEEZENLT 5

TIIEMH L 2 L CYI T E B kT Y
A>T BRENDD. ZO1DDFERELTEAS
NTND DI, DNA O E LT BT R IRAY

ICEEDWT=ZE5H A (triplex) ZEKTEED
IRANTHEOBRFET, ZHzFHUMAS O %
TEH5ILETHEADHGZYIMTHIENTES., £
D X D I3 HFZE A Dervan 56869 2 LT RSN T
n5,

e 2 RSITRIRINTH 0 2 3058 2 A TR D1k
é%%é%?éﬁn%ﬁoT%@ DNA @ G-C xf
@ major groove fil Z;Z RAYIZFFE L T triplex % &
LS5 NTEEREE (Fig. 11) 257U 271
KOFHALEKRLE 2O ANTHENEEKIC
triplex Z T 2 ED N ZERET 5 DIZ, G-C
ORI N T NS VBER (28-GC) 1
REOHIEZL TS, £IT, #oramkl iz
£ 32 & 28a-GC % 312 & DMSO IZiE) L T HH-
NMR T NOESY 2lliE L7z & 25, WMi# A triplex
BEEKREBKRT S EHET 2137070 At
B2 0 A — 7 NEHlS Nz Lirl, 321T
AT DYV HER28-AT ZATHIDE S
MBI R S NT, #5 D& BENIZ G-C %
EIRICEE LU T triplex 2K T2 2 & 2R
HTEINTER. £, INHORRIZEST, F&
Z2DILEMDT >, T FOT ~OTREEROHEE
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Minor groove -

site ;
3 H O
\ N—H---Q 0
O

0-- N= N
0N N—H--N_ )
L~ >

— \H Ma]orgroove
site

Q_Y \n/\NJk/\wQ‘OH

MOMOCH,

Fig. 11. Design of Artificial Nucleobases to Form a Triple Complex with Guanine-Cytosine Pair and the Designed Compound (32)

Employed in NOESY Experiment together with 28a-GC

IRBH R INDHERERo 2.

(¢) RALZHIRERIEIED A W= X LBRADI-H
DETFILR  OHEHOEMIIHBRNED, Z0
FIED Z > T, HEDIETIEZ W IR T
BAE L THEDNDS RV T 1 1 > OEE &R
BOANZZALEMHAT 200 T I ZHEICH
o7z BUEABEAE L THEDNTWAS AT hRIL
T4 FHERETEYHEROANLN S BEIN TN
L0, BHEHOEK TR L —Y—EZHom bEikE s
T L7012, THITED D HERANOBRHEN L
SOFFREHEICEL > TRINTVS, ™ /Ik, NE
SNIKENE 22O SEY RO 7 o0
7 4 )VEEER D 1 D Na pheophorbide (Na-Phde)
KO A H 3k @ zincphyrin I H U THREL,
ENPEEEEEET S L2 RWE L (Fig.
12). T 51T, T35 NI 2 7 > T 5l ik
BOANZZXLDFERBIT> Tz,

E AT, KN X2 EEManED A =
ALELT2DDIATMEZLENT NS, fijH
IR % & (Fig. 13), JEHEEHFNI A2 TILL T
it —BIEIC /RS0, ZO—IZRMAc#E (inter-
system crossing, 1.S.C.) I2& - CHif =HIFIZ/:
5. HFME—EEXDZEHHO NI ZNITEN,
—HIHO T VI AF > 5 2 )V INER: DNA
XEMICHEGEEEA D E NS DM Type I D A H
ZALTHO, ZHENSEGERF (SHEERE,
30) NOIFXIIF—BEICLD —EHIHKRE (10,
WAL ZNNERBERE KOS L THREEZ 5250
M Type Il DM TH 5. HMOEFBENS L DY
& Type Il TIRILDHETT SDT, HpD THZ D
BENEHhEINTWE. D LML, MM

COOH
R COOH
HY
cooNa COOCH;3 COOH COOH
Pheophobide Zincphyrin

Fig. 12. Novel Sensitizers for Photocleavage of DNA

| Cell or DNA I

ﬁ{pe I ] Type Il

s | ISCI
1 * \‘
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—>

0,

So—ty ?

Singlet Triplet

Sensitizer Dioxygen

Fig. 13. Proposed Mechanisms for Photodamage of Cell or
DNA by Photosensitizer

Na-Phde & OVEBAL &Y O SR EE(R (zincphyrin)
MR IESE TR E < DNA Ul 2L, MBEE
EFOXBHETH —HEZEERET2BVD, &
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STHOTMTH DI ENMERINT.
INsoZENS, /MEkSIiE Na-Phde &
zincphyrin 7Y Type I 2 #H L T DNA f{i#E %17 5
TWAAEEMEAE WE LT, Na-Phde & 4 D
R H O L EAMZRIE L TH L /= (Fig. 14).
ZTORER, EBEFIO—-EIEIT, U I EE
Cho, FIV)EEERIET S L3N,
TR (U7, TFZY) 5D TR
RESBTELIEHERD T EDNHLNITES 2.
UL, ZHUTBEBZULZEIREEN T H > TH I
TENHE D EHEGEIICIZ 2 5730, KRR &
BIVT 1 U 2 face-to-face THIEH > TWAILE
24, 28 % 53 C RIS T UEE D EH DFEHL
BEHAZBHTENTES, TIT, £¥T4HOE /K
B R—RIL 7 U 2 FEAR (24a) KUOZ OHiH
FERD WA A XY ML &RBIE L 72, 7479 B 3 L
EREIRAHBLEMO AR MLV EHKIZ, 1D
Fr¥—hIZEEDTFig. 1I5IZTRLTHSB. %
RBEHSNEEDIIZ, FIUES N UBEERKRT
BIEEAEEINRBWD, YT T T 2%
ERIZIEHRWIEENA LD 5, LAbTOREET
TYZ2OHEPREN, EMEHATHTF I 2 FHEHK
THARRPCHRED ZEEZRIFITIFEALERUTH
STz HHEOREIEXT TR REZFIARYZ KL
REHROREZIENTVILTHO, BILEMDZE

FHEHe —HITE2HDThHo .

NG —HOEREIORDOZ ENHRIND. B

B DI IERAI N D D, BRI NS

WCEALBAL DKW T ) DIFEEN S —~ BT H
MED, LN TTY EERIAFA I
LB, TNNBIE STz o THEHAYIZ DNA O
SRR SD. Thbb, NIV T 1 U 2RO
T & 2 B il 5813 Type I D A = X LT
1922 LM< FFT AR Lo .

IHIIT, INHDZEEHNERDHDET S0
12, ok DETWDIENDFEER (24a, 24b, 27, 28)
IZOWVWTHHEHART MIVERIELRE. 79 ZAXRT K~
WEBT IR, TORREEENTLEUTFTDOLD
ICEEDBN5.

D BB ERIN T 00 & DRHEE E<
T 2IFEFNOWIIIEA L, BEEEE D
DERTHDZ ENFERINT.

2) MR N ZET DS R TIET Y S IEE
ﬁ@%%%i@ﬁtiﬂ@b U IV UERA
E DRI K VBILEMII ERTZHEND T
fﬂ&—ﬁbt.

BB, INSOWRER, EREX—FILT 11>
FERDOHEZIEICRET DN DM DR D 5B 5
HEROMN- TS, FlZE, |EART MVIEER
MEHETHIET 5O THRKRIZIFEALEBLATHS

GIGY
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T/T?
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]
o
[8)]

]
]
o
o
Electron Energy, € / eV vs. vacuum
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Fig. 14. Ground- and Excited-State Reduction Potentials and the Singlet and Triplet Excitation Energies of Phephobide in DMF, and
Oxidation Potentials of Adenine (A), Guanine (G), Thymine (T), and Cytosine (C)
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Fig. 15. Fluorescence Spectra of Adenine (A), Guanine (G), Thymine (T), and Cytosine (C) Derivatives of Porphyrin (24a, M=

H,) (a) and the Corresponding Zinc Complexes (24a, M=Zn) (b)

Reference compounds (Ref.) in (a) and (b) are 5,15-Bis (2-propoxy) phenyl-2,8,12,18-tetraethyl-3,7,13,17-tetramethylporphyrin and its zinc complex, respec-

tively.

n, Ut/ 25T ONBEFIT R0 H#IEHIE L 21
B ERRAICAL L, ZHROWRIXZARY MVIZEH
o8 (440 nm) AHIIT 2. L2 ANT NI
RRFAIIB L, EOEID - 2IEKIED & OIRITA
N7 MVIZRD., 97806, ZN6FERIIEES
WK ORI EBILT 5. D& EAERT B
WSBMBESER, 71 F 2 xtis EDRTEEMED
HO, TNEMWT DI & THIBRA & BB DY
RONZEER AR Z 5 X S RN H 5.
EnYIC
RIICBHENZEL DI, HEHERR IR L%
HORTEIGY > Ry FRIOMKEEE2HT2E
WeESEAR T z o e s, BxOFERD
ROts, Ehk, ARZ BV, ST E O &
LT, BFRECKININT2EEHEGDANTZX
IRy TSRS AN 5 T 2R DO RE & ROBPEIT
JIF TR OBANE /R E RS ML TE /2 12 3K
FHERIZH - TIN5 DERIb Y S EE R L2
WEz2EDDIE, I TEHELSNDIHAECFEEZE
HREBEHEDORFHIIZEINTAH ZEETERWNEE X
T, AiXTRLULAELIBMFEEZRBLZDIX

1984 FEEHD Z ETH S, LISk 10 FFE DRITHIFED
BHENE S N RS BRI 72 D T HILL - DRl
NENIAED . ETAMISEITI > T, AFKEL
D REMBEDOFmMMNTTON, #EFEHICKDEFEHIZ
BHELENREONLS BFICBMT 52 &Ik
=%, N5 OMKEIRTEREAD I ER<HIEER
Bra< I Nk, HELED, FIIZCODITERE 2
DOEEMNFE LR TERD > TWbDIXZT D
HDEMEL TWEERWN, L, UHEEST
FIVREL TORED Tl irbiiahn-> iz &idn
A, BREINEENTNOEMEIRELI=Z—T s
HigEz2AL TR0, MO HEEZDOHO
EEZLN, TOEONFIITHRNUTEEZ, Z
ORZERLLERETHD. 1aP, Kl S FEMOER
EEMREICBIT D HIREMEHEZETHEY RO
REWIER 3 DIE M &S OMBIICRE T 2 0198) 13Wnd
NEEEDTEEDZNEEZZTND,

HE AETEZoONE R, HMZEHRZD
HDIZR L EsNILEMOFYy I v -
a2 CHB. LEN-T, BloEEdicidizEA s
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MAZ BN TN, SEEKITIEZE D KT OFEH
EERICESCLTNS, T0X57%< OREEZE
SEEBROBEWFEE L THEE> T N/ LFERTEHE
OEEriE—, MR, SulEeE, Eimgis, i
F—, BRI, FREEAE, Sl OThbEt)
DHEICHEWEHOEZRL =W, £/, HH 3-
@)-(b) KU 3-(4)-(0)1F, FNTh, JUNKEEEZ
B 2 AR E B BUR e OB R 2 T IR IE £ 1
+ BHFEKFWE TERER) & ORFEIEIC
EB2HDTHD. ZN5DOHFEIETRL DILEWMDHE
FAMERTZENTELZBDEL THEITREDLD
TH5. BANDOHRITLEDEHHL BTz,
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