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There has been considerable recent research directed
towards the design and synthesis of EDTA {EDTA=eth-
vlenediaminetetraucetic acid) conjugate of protein- and
DN A-binding nmolecule or DTPA (DTPA=diethylenetri-
amingpentaacetic acid) conjugate of protein- and DNA-
binding molecule. Studies of EDTA conjugates of pro-
tein- and DNA-binding molecule have shown that these
species. in the presence of iron(Il). O, und a suitable
reducing agenl. can effect the cleavage of the protein and
DNA backbone.! Many conjugates of the protein- and
DNA-binding molecule such as bleomycine.” cholic
acid.' methidiumpropyl.’ aminobenzyl.* or p-isothiocy-
anatobenzy!” moeity have heen synthesized. Recently-
EDTA conjugates of sapphyrin. a class of expanded por-
phyrin, have been synthesized but the synthesis is some-
what tedious.”

Magnetic resonance imaging (MR frequently invol-
ves the use of gadolintum(Gd)-DTPA as an enhancement
agent. Gd-DTPA accumulates in areas where the blood-
brain barrier is damaged, but may not be specific to the
tumor and rapidly washed out from the kidney." Porphy-
rin derivatives have been used for MRI due to the selec-
tive uptake by the tumor tissue. Gd porphyrin derivatives
such as Gd-tetrakisiN-methyl-4-pyridylporphyrin and
Gd-tetrakis{4-sulfonutophenylporphyrin have been de-
veloped as MRI enhancement agents. but these ure
thought to be unstable ir vive.” Gd is known to be unsta-
ble if placed directly into the porphyrin cage. Therefore,
porphyrin derivatives incorporating a strong chelating

agent outside the porphyrin has been developed."”
Herein, we report facile syathesis of a porphyrin-EDTA
conjugate and a porphyrin-DTPA conjugate.

For the synthesis of the porphyrin-EDTA conjugate
and the porphyrin-DTPA conjugate. it was necessary to
consider a porphyrin derivative that bears a peripheral
functionality for attachment to an EDTA (or DTPA) sub-
unit. In order to obtain monofunctional porphyrin deriv-
ative.  5.10.1 5-triphenyl-20-pentafluorophenylporphyrin
(F-TPPH;) was synthesized since nucleophilic substit-
tions on some pentafluoroarenes was known to selec-
tively occur with replacement of the p-F atoms.' The
condensation of pentafluorabenzaldehyde with 3 mol of
benzaldehyde and 4 mol of pyrrole according to the
method reported by Lindsey using p-chloranil as the oxi-
dant produces mixture of products.”” The concentrating
solution of the nnxture was purified from silica gel chro-
matography with chloroformvhexane (v/v=1/4). The 3rd
fraction (Rf=0.2) was evaporated and the product recrys-
tallized from chloroform/methanol to give a pure product
of FiTPPH:in 8.5% yield. Ax shown in Scheme |, treat-
ment of F:TPPH: (30 mg, 4.03x 10 mol} with excess of
ethylenediamine (0.27 ml, 4.04x10" mol) in DMF (135
ml) give the ethylenediamine-containging porphytin der-
ivative 5-[2.3'.5".6"-tetrafluoro-(4-ethylenediamino)phe-
nyl]-10.15.20-triphenylporphyrin. F, TPPH:-EN. with a
vield of 89%."* A solution of ethylenediaminetetraacetic
dianhydride (EDTAD. 45.5 mg. 1.774x10™ mol) and 3
draps of triethylamine in anhydrous DMSO (20 ml) was
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Scheme |.

placed into a round-bottomed tlask with a nitrogen purge
and additional funnel. A solution of F,TPPH.-EN (132
mg, 1.774x 10} in anhydrous DMSO (10 ml) was added
dropwise with stiring over 10 min. The solution was
stimed for an additional 30 min. after which distilled
water (50 ml) was added. Stirring was continued for 30
min. The crude F,TPPH:-EN-EDTA™ was purified by
silica-gel chromatography (70-230 mesh) with methyl-
ene chloride/ methyl alcohol {(v/v=9/1) as the eluant
{vield=65%).

Evidence for the formation of F.TPPH-EN-EDTA is
found in spectroscopic analysis. The TOF-MALDI spec-
trum showsa M+H" ion peak at 1020.3 (m/z, caled for
CoHueFINGO-+H" 1020.02) and its [R spectrum shows
broad overlap of v, and vuwat 1590 cm™. Absorption
bands at 223 nm due to the EDTA ligand and 416(Soret).
513,547, 589, 644 nm due 1o the porphyrin structure are
appeared in the elctronic spectrum of F,TPPH,-EN-
EDTA.

Reaction of F,TPPH--EN-EDTA (100 mg, 9.337x10°°
mol) with iron bromide (28 mg, 9.337x107* mol} in chlo-
roform and methano! yielded a F.TPPH:-EN-EDTA-Fe
(IT1) complex. The concentrating solution was subjected
to chromatography on silica gel (70~230 mesh) with
chloroform/methanol (v/v=5/1). The 2nd fraction was
evaporated, and the product recrystallized from dichlo-
romethane/acetone to give the F;TPPH;-EN-EDTA-Fe
(Il complex. A broad 'H NMR spectrum and Fe-O

stretching peaks at 617, 474, 416 ¢cm™ in the FT-IR spec-
trum indicate the formation of paramagnetic F,TPPH--
EN-EDTA-Fe(lII) complexes.

As shown in Scherme 1. same treatment of F, TPPH.-EN
(128 mg, 1.72x10™ mol) with diethylenetriaminepentaa-
cetic dianhydride (DTPAD. 60 mg, 1.72X10™ mel) in 3
drops of triethylamine and 30 ml of DMF, and a sub-
squent reaction with distilled water afforded the crude
product, E.;TPPH:-EN-DTPA conjugate. The crude prod-
uct was dissolved in chloroform and subjected to chro-
matography on silica gel (70-230 mesh). The second
fraction was evaporated. and the product recrystallized
from dichloromethane/acetone to give the pure F,TPPH:-
EN-DTPA conjugate'” in 61% yield.

The TOF-MALDI spectrum shows a strong M+H" ion
peak at 1121.2 (m/z, caled for CooHzFNGO#H 1121.14)
and its IR spectrum shows v, at 1651 ¢em™ and vy at
1590 cm™. In the electronic spectrum of F.TPPH,-EN-
DTPA, similar absorption bands are observed at 236 nm
due to the DTPA ligand and 421(Soret), 513, 547, 587,
649 nm due to the porphyin structure.

Further evidence for the formation of F.TPPH:-EN-
EDTA conjugate and F,TPPH,-EN-DTPA conjugate comes
tfrom resonance peaks at 6.70 ppm and 6.77 ppm for the
amide C(O)-NH resonance in the 'H NMR spectrum,
respectively.

As mentioned earlier, upon complexation with transi-
tion metals such as Fe or Gd. F.TPPH.-EN-EDTA and
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F.TPPH:-EN-DTPA ure expected to huve potential appli-
cabilities in the field of a selective cleavaging agent of

DNA and a MRI enhancement agent. respectively. Met-
allation and reactivity studies of the F.TPPH--EN-EDTA
conjugate and the F.TPPH.-EN-DTPA conjugate are in

progress.
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CUVAVES (A CHCL): 4200 514, 548, 593 pm. 'H

NMR (200 MHz, CDCls,): 8 8.98 (m, 8H. B-pymole),
&.17 tm, 6H. o-phenyl), 7.54 (m. 9H, m.p-phenyl), 4.97
(b, 1H. phenyl-NA). 3.25(t. 2H., CH.). 2.4%t, 2ZH. CH:L.
-2.12¢x, 2H, pymole-NH), TOF MALDICM+H)™: m/z
745.4 (caled for CeHuEN+H™ 745.80).

'H NMR (200 MHz, DMSQ-d.): 8 9.12. 8.80(m, 8H.
B-pyrrole). 8.17(b, 6H, a-phenyl). 7.78¢b, 9H, #.p-phe-
nyh. 6.70¢s. I1H, CO-NH). 4.0-3.4(b. EDTA ligand),
-2.93 (s, 2H. pyrrole-NH).

.'H NMR (200 MHz, DMSO-d.): §9.16. 8.82(m, &H,

B-pyrrole}, 8.21¢b. 6H, o-phenyl), 7.82(h, 9H, m,p-phe-
nyl). 6.77(s, |H, CO-NH), 3.9-3.3(b, DTPA ligand),
-2.96 (s, 2H, pyrrole-NH).
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