Communications to the Editor

Synthetic Models for Bis-Metallo Active Sites.
A Porphyrin Capped by a Tetrakis(pyridine)
Ligand System

Sir:

Recently, several binuclear metal complexes have been
prepared in an attempt to model those enzymes which have two
metal ions in their active sites! (hemerythrin,? superoxide
dismutase,? type III copper proteins*3 (e.g., laccase, hemo-
cyanin)), or those whose function involves an iron protopor-
phyrin IX residue interacting with an adjacent metal center-°
(cytochrome oxidases, !9 hydroxylases (Pssg),!! and electron-
transfer systems!2). Collman,® Ogoshi,” Kagan,® and their
co-workers have prepared “face-to-face” or “strati-bis” me-
talloporphyrins in which two porphyrin residues are held in
juxtaposition by flexible or nonflexible linkages. Alternatively,
Chang® has “crowned” a porphyrin nucleus with a crown ether
which is able to coordinate group la or 2a metal ions.

We report the synthesis and some properties of a simple
bis-metallo system consisting of a tetrapyridine coordination
arrangement joined via nonflexible links to a tetraphenylpor-
phyrin. This arrangement, which is capable of considerable
modification, allows the insertion of the same or different metal
ions into the two different coordination sites. We are interested
in using this type of binding to investigate metal-metal inter-
actions, redox behavior, and rates of electron transfer in sys-
tems vontaining various metal ions held in axial proximity.

Treatment of meso-tetra[a,a,a,a-(0-aminophenyl)]por-
phyrin!? with excess nicotinic anhydride!4 in CH,Cly/pyridine
gives 1 (P-N,), isolated as the purple hydrate!s in 70% yield

1

(homogeneous by TLC and HPLC; parent ion 1095; Ap.x 423,
516, 548, 590, 645 nm in CHCl3; vco 1660 cm™!), The 'H
NMR spectrum in MesSO-dg agrees with the o,a,a,a con-
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figuration, with pyrrole protons at § 8.72 (sharp singlet), amide
protons at 3.30 (singlet), 2’-, 4’-, 6’-, and 5’-pyridine protons
at 9.65 (singlet), 8.08, 7,25 (doublets), and 6,68 (multiplet),
respectively (parts per million from Me4Si). The downfield
shift of the 2’-H and upfield shifts of the 4/-, 5- and 6’-H’s
compared with those of nicotinamide (Aé + 0.57, —0,66,
—0.88, and —0,99, respectively) are consistent with a config-
uration in which the pyridine N’s are oriented outward.1®

Treatment of P-N4 with MCl; salts (M = Cu, Ni) in boiling
DMF7 results in the formation of the bis-metal complex
cations [M{I(P)-M4!}(Ny4)]2*, isolated as chloride salts (2a,
2¢, Table I).18:1° The bis-Culf complex acetate crystallizes as
purple needles from CH,Cl,/hexane and a full x-ray study of
this compound is in progress. The M,!! metal ion can be readily
removed by treatment with dilute aqueous acids to give the
[M, '(P)-(N4)] nonelectrolyte (Scheme I) (2b, 2d, Table )20
and this process can be reversed by reinsertion of the metal ion
at room temperature, Alternatively, a different metal salt can
be used to give the mixed bis-metal systems [M;"(P)-
M/ H(NY]2* and [MI(P)-M/,1T(NL) 13 +; the cobalt(I1I)
complex made in this way (2j, Table I) presumably results
from air oxidation of the cobalt(II) species. Such intercon-
versions have been repeated several times without displacement
of the metal ion from the porphyrin nucleus, and the full
ramifications of this type of metal ion insertion are still being
explored. The bis-metal complexes of Table I are soluble in
methanol and water-methanol mixtures as well as CHCl;,
CH,Cl,, acetone, and similar polar organic solvents, and can
be easily separated from the monometallated complexes by
TLC on silica gel (CHCl3/MeOH 9:1).

The mono-Felll acetate complex (2f, Table I) was prepared
by the ferrous acetate/acetic acid method,?!22 (Scheme II)
and the bis-metal complexes containing Cull and Fe!!l have
so far been prepared and characterized as given in the table;

Table I. Physical Properties of the Binuclear Complex Ions [M;1/I{(P)-M,II/II(N,)] *

ESR parameters® Electronic spectra®

Compd M, M Color gl g1 Ap® S 8 a
2a Cu Cu Red d d d 422 540 570
2b Cu Red 2.199 2.058 185 422 540 570
2c Ni Ni Orange e e e 410 523 552
2d Ni Orange e e e 412 524 555
2e Ni Cu Orange-red 2.273 2,050 155 414 526 552
2f Felll ¢ Brown-green 2.00 6.06 420 502 571
2g Fell Red-brown e e e 425 533 563
2h Felll 4 Cu Brown-green f f f 419 526 574
2 Felll Felll Brown-green f f f 417 505 572
2§ Cu Colll Orange-red 2.200 2.065 186 421 540 570

“ Frozen solution, CHCl3, 103 K. ¢ Units of 10~! cm~!, ¢ CHCl; solution, im. ¢ Triplet spectrum—see text. ¢ Diamagnetic, / No ESR
signals observed at 103 K. 8 [Fe(P)OAc-(Ny4)]; [Fe(P)Br-(N4)], Amax 422, 512, 580 nm. * [Fe(P)Cl-Cu(N4)]Cl,.
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Figure 1, X-band EPR spectra of Cu complexes, 3mM in CHCl3, frozen
solutions, 103 K: (a) [Cull(P)-(Ny4)], 2b; (b) [Nill(P)-Cull(N4)]Cl,, 2¢;
(¢) [Cull(P)-Cul(N4)]Cl,, 2a,
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this system also appears capable of considerable extension.
Treatment of a solution of the mono-Fe!!l derivative in
CHCIl3/MeOH with aqueous NaOH results in the u-oxo dimer
[(Ng)-Fe(P)]20 (Amax 423, 575, 620 nm in CHCl3/MeOH),
which on treatment with MCl, salts is easily converted to the
mixed bis-metal ion systems (Scheme I1).23 Alternatively, the
u-oxo dimer can readily be reconverted to [(N4)-Fe(P)X] (X
= CI, Br) by treatment with aqueous HCI or HBr.

The mono-Fe!! complex (2g, Table I) was obtained by di-
thionite reduction of the Fel'I-X derivative in toluene, benzene,

z
z

2+4/3+
N

z
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or chloroform solutions under N3, Addition of excess (40X)
2-methylimidazole or 1-tritylimidazole gives the typical six-
coordinate hemochrome (Amax 426, 534, and 561 and 426, 533,
and 563 nm, respectively, 8 > o) and these complexes do not
reversibly bind O at ~20 °C, being completely oxidized within
15 min, A similar situation eventually occurs with the
bis(pyridine) complex (Amax 427, 531, 561 nm), although it
is somewhat more stable, being <5% oxidized in 30 min at 20
°C (40X pyridine in benzene), Thus the uncomplexed Ny
“cap” does not prevent coordination of other good donors, nor
its irreversible oxidation at ambient temperatures, and in this
respect [Fel'(P)-(N4)] resembles Fe(a,a,a,0-TosPP)® more
than the “picket-fence” porphyrin Fe(a,a,e,0-TpiyPP).5

The visible spectra of the bis-metallo systems (2a, 2c, 2e, 2j,
Table I) are dominated by the mono metalloporphyrin chro-
mophore with little or no change being observed on insertion
of the metal into the “cap”. However, the ESR properties show
strong interactions between the metal centers. Thus, the ESR
spectrum of the bis-Cu system (2a) (Figure 1¢) shows marked
Cu«Cu interactions, with the two S = 1/, states combining to
produce a triplet S’ = 1 state split by the zero-field splitting
parameter D.24 The presence of the AM = £2 (“half-field”)
lines characteristic of the § = 1 state occurs
at g = 4,25 in a polycrystalline sample of 2a at 103 K, The
Cu-Cu separation (R) was calculated at 5.9 A using the ex-
pression for interacting dissimilar metal ions,?*

D= -g[(g)?*+ h(g1)*/R?

where g and g, are the averaged values for the separate
species [g) = (g)' + g)%)/2. gL = (gL' + g1 %)/2] and were
obtained from the spectra of [Cu(P)-(N4)] and [Ni(P)-
Cu(Ny4)]?* (Figure la and 1b), respectively (Table I, 2b, 2e);3
D was evaluated from the full-field perpendicular component
of Figure l¢ (154 G).27 This inter-metal-ion separation is in
excellent agreement with that estimated from Dreiding
stereomodels, and one of the features of the amide bridges is
their inflexibility to compression and twisting so that it is very
likely that the geometry of the bis-metal complexes is rigid and
will be maintained in solution. Titration of a CHCl3/MeOH
solution of the mono-Felll complex 2f with CuCl; in methanol
results in the gradual disappearance of the g = 6 signal (Table
I, 2f) and no signals due to Cu2* are seen at g ~ 2; the spec-
trum is featureless after 1 equiv of Cu?* has been added. This
demonstrates strong coupling of the § = 35, and S = 14 spin
systems in [Fe(P)Cl-Cu(Ny4)]**, This behavior can be readily
reversed by washing the CHCI; solution with dilute mineral
acid,

These aspects, the full x-ray characterizations of the bis-
copper and mono-Fe!'! complexes and the electrochemical
behavior of these systems are now being explored.
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Photoinduced Coupling Reaction of
5-Bromouridine to Tryptophan Derivatives!
Sir:

The replacement of thymine in DNA by 5-bromouracil
sensitizes bacterial and mammalian cells to the lethal effects
of UV light.2 The photochemical mechanism responsible for
this sensitizing effect has been studied extensively, and at least
three possible mechanisms have been suggested: (1) self-cou-
pling of two 5-bromouracil residues with formation of 5-5'-
diuracilyl linkages;? (2) induction of single-strand breaks in
DNA;2»4 (3) enhancement in the rate of production of
DNA -protein cross-links in cells.> Recently, DNA substituted
with bromouracil has been reported to undergo photoinduced
cross-linking to RNA polymerase$ and to /ac repressor.®7 In
spite of the importance of the cross-linking of DNA containing
5-bromouracil to proteins,? very little is known about the nature
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Figure 1, Structure of 3 as determined by '3C NMR in Me,CO-ds.
Chemical shifts are in parts per million from Me,Si.

of the amino acid-nucleic acid adducts. Sulfhydryl compounds
such as cysteine and glutathione have been reported to undergo
photoaddition with 5-bromouracil,® We now wish to report that
NP-acetyitryptophan methyl ester, a model for tryptophan in
a protein, undergoes a photoreaction with 5-bromouridine or
5-bromo-1,3-dimethyluracil to give the corresponding coupled
product in a highly regiospecific fashion.!0 Neither N-acet-
yltyrosine methyl ester nor N-acetylhistidine methyl ester
undergoes such a coupling reaction.

Acetone-sensitized irradiation!? of 2’,3/,0-isopropyli-
dene-5-bromouridine (1, 1.4 mM) in acetone-acetonitrile (1:3)
in the presence of Nb-acetyltryptophan methyl ester (2, 3.5
mM) produced a single photoproduct. No other products,
except the unreacted starting materials 1 and 2, were detected
on TLC. Separation by column chromatography on silica gel
yielded 3, mp 158-162 °C dec, in 70% yield. Spectral proper-
ties,!? including the '3C NMR spectrum!* (Figure 1), are in
accordance with the assigned structure.

Under similar conditions, acetone-sensitized irradiation!2
of 5-bromo-1,3-dimethyluracil (4, 1.5 mM) and 2 (3.5 mM)
in acetonitrile gave rise to the coupled product 5! (67%) as the
sole product.’® Quantum yield for the formation of 5 is 0.018.17
In control runs, irradiation of a solution of 4 and 2 in acetoni-
trile in the absence of acetone did not produce 5, and both
starting materials were recovered unchanged. Direct irradia-
tion of 4 (2.0 mM) and 2 (4.6 mM) in acetonitrile with 254-nm
light resulted in the formation of the debrominated product
1,3-dimethyluracil (6, 75%) as the major product, together
with minor amounts of 5 (15%).!° Addition of 1,3-pentadiene
to the system inhibited the formation of the coupled product
5, but had no significant effect on the formation of 6. The
bromouracil derivative 4 undergoes regiospecific coupling
reaction with various indolic compounds. For example, ace-

3 R 4
2 R R
RN hv
+ e ¢
0)\ I N acetone

r! H >300 nm R2N g
0)\ Nl
R
Ho0 1.2
1, ’'= 2, ®“=cH,CRO0,CH, 20 Ry
- i
HNAC R acHCHCO, CHy
OXO 4 CH HNAc
7, RU=cH, A
e o g, RL=RZ=R"=CH,
2 g, R%=CH,CH,CO,CH, b
- 3 5CHyC0,CH; L
;o 10, RM=R'=CH,
R e co,CH
i R =CH,CH,CO,CH
4, Rb=r?=cH
Ra-Br
6, RbarZ=cH
Ro=H

© 1978 American Chemical Society



